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KONV ARVOBHIBIIIIEHEOBRRKETH 5.

ABRATRET BT — 2/ °ARE Y R T & 3B HEE
HOXBEEZHET HOTHS. bhbhid, BRI
ZUTOLIBHNTHT I CLEEZTHA.

9, BHEREHLIELOA—F¥ Y2 TOBET NV
Y XLEERTE. RV Ialb—Ya VETHE
BERETOREBOEREFMLL, LYVRZFS VR
7y UNVOBERERET S, T THVLABIELE
EERUTOSEERTINENDLLEZONS.
o JEFFHE « WML VO - 1o BRRICEE T AR BEEH
DHRICT X 5.

e TNTYXALVRVBLULYRZ IS VRT7 7 LN
NETORAIEVNVOERMFE—OFETITRS.
o BITHAMREN (VY2 a L — bATRER) EETH B.
bhbhild, CO=ZREZWHLTEELILT, KR
IS EFE Tokio ZHNBC &L L.

oIz, HEHHBRAERIC, F—2 S ROBEZRE
B2 5. BRSO 7 — 2R ZEHBERT A%
HEAIITONTRNWAY A, BEDOLIAHEROR
BRIABTLHFATREN. &5, ThL~whd
D7 4 —FNy s KEXBEE, HBW0E, Dalicist
LI:bOOBRALELOENSHEADSS. Th
13, BfeidRE AR N BB R OIS H8RE
Tz itk s,

EEOARMIC L 2BERHEZZ B, B, &
FZLAEORREE LI DEHOTMDOBRED S 7 —
R EHLBERHL, TBESREBETERE
OHMIGHEREHDO D TIED AL HHELD TS,
ZOXISTERA, BWEH VLSI ZEH~ORTH 3.
ZThhbiid, EZEHHBEELLE L EEILADOM
HEBZBZCLERFEEL, UTOXBEERT IO
BENLOROCBERHXBTHELELS.
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1. BT L BEDD & oot isiE#E EEnic
i g 5.

2. BZoh/ #EERLET, BfER0BETET
HAHTEEHBCRIET 5.

3. BXohi-#ELRLET BfERTERT S
OICHERFIEER GESoRE) £ a8 It
T53.

Ik, BHEORNF -2 ABEBARINBZEL
TH, PRYEEDOBICEIAFENAATEIOT, C
CTCRREZD2OXBOEEHRIEDL S,

bhbhid, DEO=Z8%EERT L7 — 4RI
YRFTLEERLIDT, DITFHRET S, Dinlicie

UIRRIEY R 74202, oty 3 DL S EHIcRE
AT&T, ILFE=0ATHI5HRHOMBETA
o tcds, KBFXDYRFLI3EF0H5DRES Bk
L7cbDTHB.

F—ANZRIAICEL TR, X 3) ik 3HEN
HBEM, ZTTR, 1774 VBIfEE W - oW Tk
EREOFAREY EF TR, KF— 22 BREE
VAT LR, BESEREE Tokio 0D, BERicE
TARBENREBEACHIRIETEEHDICIE>TH
5.
ARXOBRBUTOLS>THS. 2ETET, B
fESCREEE LTIRA L Tokio it DWW T AT 5.
SETRIEY AT LOBBERL, 4ETRIEFEE
AT, SETR, AYXFL2MABICHERAIHIKRE
DN TRNB.

2. B EE Tokio

2.1 Tokio

Tokio®~® [3RXMEHHERED K3 RBUEE
THv, BEEMICIE Prolog itk ESE AN
DTHB. L1zdi-T, Tokio {2 Prolog [HEkic TV
TNV XLZHHBICERT A EMBTEA. £/, Tokio
BREBICE SO ENERMBIZ - LTED
TUT 4 AR THB. ZDIBDN—FI =TI
WET BX 5, JEFEHE V- o BHEREEE»D
BAMticEER T & 5. Tokio & Prolog @@ i3, K
HETFELEBICREINBDT, ZZTREDAK
DNVTDOHBRB.

(1) ESHEHETF

head :- p, q.

ZDieahid, head BEFRI N TV BHXMH (1 v 5 —
Nu) BT, IT—ndplabh¥licEfTahsce

Aug. 1990
=£Y.
—%, JAFER chop HHET (&&) THIN 3.
head :- p && q.

Z DI}, head DEBRIN TV ZRXMHLFEE
®EDZOIbY, HIETpEHTL, B¥TqEE
95T EERT. RREZAREE BRSBTS D0
HNTFEREMICBIRI N 5.

(2) Tokio ¥

Prolog OZ¥M—EMIkE 5 & ThEfE Lk
JBDicx U, Tokio 0&$II, £RHIN T3 Prolog
OEYMERRICEDND DS, BEHABEDLSL LHEEEL
5. Tokio OEKICR B 5.

(a) local ¥ : chiZBHEILIcHEEEZL FE
BThd EREZRIRIETHES.

(b) global ¥ : —EHMRE 5 EKRONRALT
ZOEERRETS. EHLORBLDIC * 50<.

EH~DEDORAICIE, Temporal Assignment &
BRI A DD 5.

(a) Temporal Assignment

i, 42—V NTEHRSH, local EHic
% LT3, P <~ (value), global Z¥icxtlL T,
‘*kp (= (value) LEEREN3. WiIhb, Temporal
Assignment BEBINTNBEM YV E —NWVDRYID
LD (value) &, 1 ¥ & — VDB % DR T P(*p)
KRATZ. chid, LY RIEZO—BEERD
ha.

(b) EpEERA

Zhid, BAICYLTEHES N, local ZHicxt L
Tid, ‘P = (value), global Z¥icxt LT3, ‘*xp :=
(value) L& hd. WTFhbd, 20OBZICEF S
(value) 2% DEFIic P(xp) IKAT 3.

2.2 RTL-Tokio

Tokio DFRIIIRERBSITH b, B/NEHEHAT H3EF
KT 5. COBRNEHEN—FY = TOflICHGE®
BZhEEZBT Lk, Tokio IHEXIL <A DB
BB ZEfTH C&BTES. P, B/ERINAE
70y EEINIRMERRICIIE U, xR &4
ORI 17 0y s ROFERMBEE > 7o —F
U = TORPOEEDTRHITLS.

RTL-Tokio (Register Transfer Level Tokio) {2 L
VAL IPF VAT r UNVBWERREETH Y, B/h
Bx 1= 44 7 Mg & & 5. RTL-Tokio
2, UToL>UHBREMA 72 Tokio 0% 7+ v b
TH5.
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(1) & B . ., . main(X) :-
. i y iT o-222222 + 0888889 * X Y <- 0.222222 + 0.888889 * X,
HEOEBICLOTHEHRET S DO ONTIL T = 2 LoOP X <- X && sub(X,Y,0).
global ZEHZ, LY R 2D AT Y %S Y :=0.5% (Y +X/Y¥); :‘;:g'zg; i f -t
I:=1I+1; A
. A 5 > 12 Tab ] (Tmp<- X/ Y+Y, X<-X
. LYREFFVYRT FLNMEE Enooo G Y <= Tmp / 2, X <- X,
WTLYREHBENEIAE)icT 3 (a) Algorithm of Newton's Method C <- C + 1 & sub(X,Y,C).
(BRI STBRIOREE & 3ictib (&) Newtor's Method in Tokio
main :- *adr = 8, !, true.
NAEDT, global Z¥icdd A3R8ARL main :- !, input && stagel && main, (stage2 && true).
input :- !, *inputl <= *memory(*adr), *adr <= *adr + 1

Temporal Assignment {ZfR V), BB%
RAR, IR, F12, local ¥
HREEMIC register, memory 75 & D
F—42%2%T71.9, globalflocal ¥
Hic) 2 MEBEROC EMNTEL
b

stagel :

stage2

&& *reg3 <= *reg2 / 2,
:= !, *ragd4 <= *input2 / *reg3 && *regd <= *regd + *reg3
&& *output <= *regd / 2.

(c) Pipelined Newton's Method in RTL-Tokio

_—

|nput'rstage1:stage2 :/.,—-———- true

&6 *regl <= 0.22222 + 0.888889 * *inputl.
*reg2 <= *inputl / *regl && *reg2 <= *reg2 + *regl

*input2 <= *inputl.

main

—_—

(2) A v2—rNLDEX f
Tokio T3, chop BWHFICL->T
BEENIA v E—r~VDEX MR
EMICEE A LYRE LI VRT >
LRAOERE LTI, VYR 2EE
EW1 2L 7 NTETINDE
N, A VE—NRVDRIERDBZETHS. L
- T, RTL-Tokio Tid Temporal Assignment A3
TRTEIITEGINEESIC, 1 V2 —r~1DE
IERDB.
(3) BRTUHL
Tokio Ti, Prolog RV LT S.
LLl, —ROBRBEEE N —F¥U T TERTRC
LAEZDLE, BREEEHBTIR S v 7 MUEIC
18%. VIRA PSS VYR7 7 LRAVOBELRE LT
3, FRBELHET ARBROX 2 v 7 2Bty
BRETHB. LIchi-T, V—7Hk & SH tail
recursion DA I LixF 5. RTL-Tokio oI IZ
LTFo&scHRIND.
head(arg) :~ localConds, !, recursiveCall.
head(arg) i~ localConds, !, actions && actions
&&:- - && recursiveCall.
T Z T, localConds BRAMATHENEL SO T
50, D> THHEDLOL, B THHEDIL.
recursiveCall TIIFBEUH LEZHFTDICH L, ac-
tions TREBFEOH LEF I,

2.3 RTL-Tokio (=& SR
EHFBROAELEERD B =a—t v EZHIC,
Tokio £ LT RTL-Tokio itk AL RERT. 1
(a)BZDTNTYXLTHB. (D)RT DRI,
(a)hOHEE Y= (YF+X/Y)/2 % ‘Tmp (- X/Y+

i,./"—— main

pinput, stagel

stage2 ,—— true
T

]

(d) Timing Chart for (C)

Bl 1 Tokio i€ X 2B)fEseRe

Fig. 1 Behavioral description in Tokio.

Y, X{-X & ‘Y{-Tmp/2, X (- X &LTRH”
Ta—=Y v raEFIM, ‘C{-CH+1 o0 TRAY
Ja—Y VIET>THIEW Tokio OB THS.
Tokio TlE, (D)DEHIBWAMKKA Sy Va—) v
OFbNIRR BT, Y2V —2 TEFEAKTH
5. TCT, XX 0B/}, 12—k
VIOBKXDIEEA v 2 —~VOBBOEL (RO4
YE =SV OEPIOKZLRAL) OXIKRATE &
2HT. BHECHEELD local EHXDMEER
DA V5=~V THEIBAR, COTRBLERR
5.

(e)id, (b)odhoB{ i 2 v, RTL-Tokio
2k B84 754 L3 hic@feidich b, T
B, EDORYYa—)vsrBiThbh, v—70¥K
(2ZHNAZEZTHIA Y V2 ERBRLIRDbYIcV—F%
stagel & stage2 CBEALTWA. Chid, BEED
HEBBEIL BT S, F—2 R LEBHDOED 5313 ic B
BT ERETHS. %1754 EEL ‘main, (stage
2 && true) OMHITEEINTWS. ZOoERI,
stage2 D /%4 754 D main HFKICKEENX
NBZEAREKT. ‘true’ 13, FROBBETCRIIT S
MHALRETHY, T TRREL IZEHMELED
main & stage 2 OMEEZADE B BICEDLNT
WA, ()IKRTEERLDLA4I VI Fr—L %
(d)izR?.
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3. F—YNRRABES XF LD

KR TRET BT -4 AR VAT L DR
12, M2itRTEEDTHS.

AHRLERE b5 vR7 7 LNAOEIERRR L
#EER, BX U operation rule THBS. EfFiddid
RTL-Tokio THA, iz Prolog THA 5.
LI TOHETRIRERERL CHY, OBE
LAREENS T ZTHWS Prolog BRICASICEH
Tx5. BT 5y —wid4%IERT 5. £ opera-
tion rule 13, BifFICR L HEEREB L OXtIEE LB1D
D rule THv, zhd Prolog THA SN A.

COYRF AR, BRONBERRBEZ SN
WiSsR ET MEfEaiE] THADERIETS. CO
BIFTIR, BUTOCZEERELTNA.

(1) FTRTOF—FERIE, TOERCLELSH
HBERTOEEE, TOBEXBERSI LTSV
& =B, HELEDS.

(2) BECAhOMETFEIBEDBHOMAED
X oS3 operation rule THA S (4.2 fiTHh
~35).

(3) vozaBIUA= YL T, BELAD
LBEITRET, AL b0XETORRALLAIIERL
A.

4, F—9NRABEFE

DY RFLTIE, 7 Translator iIZHEWTAS
BifesnR 2 B IcE RS 5. F D%, Facility
Checker iz 32T, BEEHE &HEEER & DR OIS
A7 > > Y 5 ¢ [#H 3 (Facility Usage Table) &
LTHHT 3. Bikic, BfELEd oI H%E Time
Tracer PR, F—x2¥202a 7% 27+ (ZEE
H) #BiF+ 5. Time Tracer BN TIHIREZBHK
(State Transition Table) ZsHlilf & f1, Facility Usage

Behavioral Description
{in RTL-Tokio)

Structural Description | )
(in Prolog) Opoeration
Rule
|
Data Transfer

Facility Checker
Table

Interval Transition
Table

Facility Usage Table

Time Tracer

State Transition Table

B2 F—42-2RBRIEYRT LDBEK
Fig. 2 Structure of data path verifier.
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Table ic B XN TO GRS &DET, HEH
OREEME LI LICE 5.

4.1 Translator

Translator T3, BfESRRD A » & — N B# -
F— 2 EXENOEBRBITDONAS.

%79, RTL-Tokio KX ABELEBFDOEA » 5 —
NNZZENENBEROZREDY, &4 v Z =10
EX24gEd s £LT, REFUHLE chop HHE
Fick B4 v 2 =~ 1o BBRGREBERFLHIC
WOML, 12— "ABBEEES. A v -1
B D %&#Z intld = ‘(predName/arity, clauseNum,
intNum) T5 2% 51 3. T T, predName/arity :
RELBLIVZOB KO, clauseNum : [§—RiE
DOFMEADEHED, intNum: BFEPOFFHDOA ~
& =N pERT.

A v i =NV BREEER UK, BfEddhoi
AVE—NNMTBGBF—FEmE%E, 1 &2~ VE
HOLZRMEFHCERD L, 7~ FEBERECIERT 5.

4.2 Facility Checker

Facility Checker T, ¥ —2EBERPOEZF— 4
EXEHEDREEZRAL, 207 -2 EZOREIC
VELHEELOREEEL, 775 ) 74 BAKE
8%, BROBHOSEED 503, TXTORKEEZ7
) F 4 ERRCERT S TubL, UToRE
zf15.

(1) &7F—4EENOBEEEEBRTLHiHHEE (O
HAEYE) 2REEDRTHOHET.

(2) F—2EEOEBEEILDP S (1) THELUCHERES
(DHAE) ~DvR, BRUHES D O &EEL~D
WNRAEET.

(HIEBVT, —POHEEREHOFETERI N
BT EEBRTHILENDDH. HIZE, #5213,
HEZ lvy b7, NERET, EBETETDH
5. INTOBREERDGBIcHIIT, BHEHEOK
HEOEES S, FHEEEORAEZEARGIEE SR
V. BEASOBEOCESIZ, BEDEELTUTD
ETEZLoN5.

func([function, input-port, output-port],
signal-line).
#). func((add, [[adder, in 1], [adder, in 2]],
[[adder, out]]], [adder, cnt]).
F 1o, FMEFOHRANI operation rule & LTHZ
S8, UTFokdiciddanTns.
opSame([[multi, X, 2], [shift_left, X, 1],
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[add, X, X]D).
operation rule [JFFESEHRKERTEA. HIZIT
operation rule 2B L W\ T & 13, BB dO
*2, ‘DU, '+ BERZTAHESR, 1y v 74,
MEBETOAERINBZ LV REEFEL C Li0HY
T5.

(1) (2)M.TTBE, O (3) i,

(3) —D204 va—"AATHERINAEETLE
HhOBRO_ESEREF = v 295, ZEEAMSEN
EBHTH L. £5TEFIET, 204 v E =0
BESBEOHESEE 7 > VY FoERAEELL, RO
Time Trace 7. TTTC, HHF—R2EEETER
TELEROMAEFBEED 2 HEA, ZEHEALZE
BEXIBBRBTEEILTLERNBILICES.
EEON—-FY = TERIET 284, LRETF—42&
ERRBELEELEZVLOT, BREOMAEORIZE
ERELRELIL.

4.3 Time Tracer

TR, AMICERT R V2 - vOBERD
i3, 204 v E—NUVELEBE—DF -4 /2 EDE
BEERALTOEDEDLERERD.

4 v & = VBB LRI LR ICERT
2FH: (Forward Trace) EFFHMICERT AFHE
(Backward Trace) O FEE¥L1-.

[JE 5 E#%E% (Forward Trace)]

COEETIR, $TYNicETINEAL vE—
RO GB—EBE), Tok, £ho

BEBEABHETRZANE T — E N ZAREY AT & 1255

So= {Iint:, clock}.

(step 2) (BFIBAROME) L S quiTRFEIFUH
LisbhiE, Bidhicd v & —xv% Sz, S
L5 70 —XROKEKDA ¥ & — VP TORF
CHLOBAR, FUHLORMGERTS. BBES
HbIET 5.

(step 3) (HFBAROME) —FeXlETH, S/ DK
OREE S 2B 5. UTOZ200BOWTIsr%
9.
oA VA—NNVDEIXERBILVIEOE /70y
clock Z—227.
o1V E—NADRIEBI ZH AT chop WHFIC
FABBERETRODA V& —"c#L.

(step3) BIRT I B L (step2) ~R5.

(&M

(step2) T, S/ BEoNhfcEd3E. UTFoZ
DONTNHLORGEMERILTIERBKRT T 5.
oS M S RAVL I i0Zi<n) BEETS.
S, O—HEKIED Ser1 MELELIIL.

ETH - 3 (a)iz;”kd RTL-Tokio D% H
ELTRT. (b)) BBRENICBONINEZEBRTH
5.

(step 1) So=T[[(start/0,1,1,0)1]

(B\&#®D 013 clock 2% L, ZHhlIAL intld %
%7)
(step 2) So'=[[(init/0, 1,1, 0), (start/0, 1,1, 0)1]

S — § Y NS A A3 start :- init && execution.
2 H ﬁﬁ%&m L/T 5ﬁ E %‘E init :~ %a <= 1, *b <= 2, *c <= 4, *d <= 0.
NG (F BB, oxecution :~ *a =< 10, !, subl && sub2, sub3 && execution.
execution :-~ *a =< 40, !, subl && *a <= *c + *d && exaecution.
(%_‘&I‘g') ﬂlﬁ')ﬂ'ﬂ%’ﬁ%fli, B#ZIJ& execution :~ !, empty.
N o - N s subl :- !, *d <= *a,
—FORFTHUNEA V& — O sub2 i- 1, *a <= *b * *d.

sub3d :- !,

BEAROHYT. COBERIEIZEE
Tiibhs.
RTL-Tokio DBz 1T HIRKEZ,
Translator THREIN /& intld &
ZoHhofr vy s BhEET clock
=, state= {intld, clock} & L TESH
T5. §5LC0BROBET, HE
ROREBEN MBI NS, Boh
BREEBRIE Moore BDHDTH
5. RBOFHMILTOELD TH

- (b) State Diagram for (a)

(step 1) BPIDA ¥ & —s35V Linie &
70y clock GEEO) 2%ET 5.

[{(init/0,1,1,0),

(start/0,1,1,0)]}

*c <= *c + 1.

(a) Traced Example in RTL-Tokio

([(sub1/0,1,1,0),
(execution/0,1,1,0)]] {[(sub2/0,1,1,0),

(execution/0,1,2,0)},
{(sub3/0,1,1,0),
(execution/0,1,2,0)]]

{[(sub1/0,1,1,0), [[(executionlo,z,z.@—
(execution/0,2,1,0)]]
([(execulionlO,3.1.0)D¢

B 8 Time Trace OHFE
Fig. 3 Example for Time Trace.
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(step3) 9 S1=[[(execution/0,1,1,0)]] »EE
St [=¢, *a, 10] L3ticBonb. ERIIFESEE
TITHbhBOTHOEMTH 5 [[(execution/0, 2, 1,
011 RETHEREILS.

(step 2) Si'=[[(sub1/0, 1, 1, 0), (execution/0, 1, 1,
0)]] MEsLN 3. D S’ i3, [[(subl/o, 1, 1, 0),
(execution/0,2,1,0)]] L RRBIINASRENDS. 13
€175 512, (execution/0, 1, 1, 0) hSEINBAE
(execution/0, 2, 1, 0) » SIFI /A& TiE, £DERD
Rz ZhZh (execution/0, 1, 2, 0) & (execution/
0,2,2,0) Thbh, BUEH,OThHb. (step2) ik
THUH LOBHO&RbERIIBHRINTH
A.

(step 3) Sz2=[[(execution/0, 1,2, 0)]]

(step 2) S2’=[[(sub2/0, 1, 1, 0), (execution/0, 1, 2,
0)], [(sub3/0,1,1,0), (execution/0,1,2,0)]] 2135
h3 oS S OhMBERTHZEAR, W
BENEETAIFTH S,

(step 3) Sa=[[(execution/0,1,3,0)]]

(step 2) Sa’=[[(execution/0, 1, 1, 0)]] B3FTHS
h3. ZOBADLIRBBDA v &2 —<NpHIFT
NTVEEAR, REFCHLOEOLIAILID
S5TROREN—KICRE 5. Rékpgicd~hid, <
DT I3 (execution/0, 1, 3, 0) » S FFIEI N X 5 &
(start/0,1,2,0) A LI L 5 &, (execution/0, 1,1,
0) DR DIREEIT (execution/0,1,2,0) TEIUTH 5.
L7zht> T, (execution/0,1,3,0) p SEIN/-Z L%
ST BHMLEMNII. DS, (step2) ITBVTHRE
DA V& =1 nih ABEFCH LOFEELDRLEL
HiTh5.

XHICREFUH LEERT S, Ss'=[[(subl/0,
1,1, 0), (execution/0,1,1,0)]] BB SN 5.

TZT, S=S ML, BFLRELZHRT 5.
2T, MoBBEE D, S’=[[(subl/0, 1, 1, 0)
(execution/0,2,1,0)1]1 &9 5. (LIFH8%)

(REEO#ER)

ol Tid, SY=[[(subl/0, 1, 1,0), (execution/0,
1,1,0011 & Ss'=[[(sub1/0, 1, 1,0), (execution/0, 2,
1,011 43, 757 — 2 mEBRALKRDT, F—REE
BiE 3. —RICTOOREE —DICHEBY 57-0ic
RBBRGGERELRTUTINBSELOT, ZOYX
7 L MEE OO B EM T B.

(5% —BeBE)

TR, BB THONIRMETS v & =~
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s, EEAhOR—BREE _HEERTILES L
2, 77 ) F 4 ERHEPSEHNS.

L35 R ]

JEF MR E 3, FTREDRTOR—-BR%E
FRATE=204 v &=L DMEERERDT (B—
BE), FD204 v E —SuHEIEC 35 E
MEA v E—=~AOBBRARERMICKY UTHh
KL ORNE (BB, B—BRETRD
Bl RTOEEEICH UTEZREETS. HRT
AT Y XARFEBFELAPDARELLEOT, FMIX
HET 5.

5. REBERELUER

AETIE, ZOOPBICRIFY 27 L5 BRI ET
HRIcOWTHR~N B, A2 F 43 SICStus-Prolog
eI hTsh, #/H L CFHEBIT SUN 4/260
Th5.

51 ER&E R

(FIEE1) =a—bPvECIZEFROHE

2BETHY Liffc=a—F v BEEPICRIT L. A
JIUIBERRIENL (¢)T, BERERIR4TH
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Table 1 Verification result of computing square root.

CPU-Time (sec)
Number of N Time Trace Number of
Repetitions| Trans- | Facility Derived States
lator Checker forward |backward
2 0. 40 3.19 0.77 3.04 12
4 0.57 4.75 1.45 13.91 21
8 0.88 8.20 3.28 122.2 39

ifetch :- !, %opl <= smem(#pc) , *pc <= spc+l &k ifetch_branch.
ifetch_branch :- sopl = stop, !, empty.
ifetch_branch :- (_,2,.) = sopi1,!,ifetch2.
ifetch_branch :- !, execution.
ifetch2 :- !, %0p2 <= smem(*pc) , *pc <= *pc+i k& execution.
execution:- !, exec_first && execution_latter.
exec_first :- (add,_,.) = %opi, !, ememnd <= s*mem(+op2).
exec_first :- (adc,_,.) = sop1, !, +memd <x *mem(%op2).
exec first :- (clr,_,.) = sop1, !, *a <=0,
exec_tirst :- (com,.,.) = sop1, !, #a <= aluO(ea).
exec_first :- (push,_,.) = #sopi, !, *mem(*sp) <= »a.
..... (omitted)........
execution_latter :- (Op,By,short) = =opt,!,ifetch.
execution_latter :- (Op,By,long) = »opi,!,
(exec_second & true),ifetch.
"""""""""""""""""" (===== concurrency
execution_latter :- (Op,By,sec2) = sopi,!,exec_sec2_begin.
exec_second :- (add,.,.) = sopi, !, *a <= alui(sa,smemd).
exec_second :~ (adc,.,.) = sopl, !, *a <= alu2a(+a,*memd,sc),
#c <= alu2c(*a,*memd,*c).
exec_sec2_begin :~ !, exec_sec2 &k ifetch.
exec_sec2 :- (pop,.,.) = *#opl, !, *a <= emem(*sp).
exec_sec2 :- (jsr,.,.) = sopi, !, spc <= *0p2, ssp <= sgp-1.
exec_sec2 :- (rts,.,.) = %opi, !, *pc <= s*mem(*sp).
exec_sec2 :- (push,_,.) = sopl, !, sgp <= *sp-1,
*$function’ aluO(A) = Out :- aluO(A,Out).
alu0(X,0ut) = !, Out = -X.
*$function® alui(A,B) = Qut :- alui(A,B,0ut).
alui(X,Y,0ut) :- !, Qut = (X + Y) mod 256,
( Definitions for alu2a and alu2c are omitted.)

B 5 RTL-Tokio itk 37 v+ v 4 EfELiR
Fig. 5 Behavioral description of processor in RTL-Tokio.
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Fig. 6 Data path of processor.
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Table 2 Verification result of processor.

CPU-Time (sec)

Number of

Time Trace Derived States

Trans- | Facility
lator Checker

forward |backward

3.39 10.0 34.1 1254 26
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