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A Continuous-Discrete Hybrid System. Description
by the E-net Modeling Method

Keiji Makino  Koji Tocumnar  Kuniichi NaGaTa
(Received September 30, 1977)

Abstract

The E-net modeling method, which has been developed for describing a computer
system and evaluating its performance, is a general modeling method for a discrete system.
The method can represent an asynchronous parallel process, specify a spending time with
an action, describe a data flow, a control flow, and their interaction and the change of
an attribute value with an action, and so on.

In remarking on the above features and the resemblance between an E-net structure
and a block diagram for analog computer programs, we show that the E-net modeling
method can describe a continuous system, and more generally, a continuous-discrete hydrid
system. The method by which it is shown, is by means of the correspoding relation of
the block diagram element to its E-net representation, and then by means of an E-net
description for the interface between a continuous subsystem and a discrete subsystem.
And an example is exhibited concerning a mass-spring damper system.

As a result, it was clearly shown that the E-net modeling method is an excellent
unified description for a continuous-discrete hybrid system.
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D EABRIR I hRBIND2CE bbb T RED Y AT A LA TRITE
&, F20EREFHEOTND D VIAFLEFE L OHEMFANESER CEB I &,
REWELZEPIRA 7R, 77 I VI/7ERBRIDZEREBE LA LT E 2 L, ERH
Fohs,

E-net Fikix, $E3K, EFBFORMBCESTE V- Cofolcd, &0, HEROERE
WOTEN BB v AT ARR L AESEMOEFAEE LTRBLTERY, MECEREMEE L
TF—2ERHTELI > Lt bicl b, BEBEOHZRKEZY¥BEVWTCETELEELD
eOEMFER O F Al E LTLHWL I ERTES, DL 5K, Enet FHL, FHEE A
FABEHTEET A E EE LT NARCEARBERAR Y AT ADY I av—v g vV E
TFAUHRFLEE > 2 & TES,

%12, E-net ¥, FERMPAFIBENGETCEHCE, F—2DORNIERRATEDZ &,
Enet L7 v 7HEBO e 75 2 ThB 7 ry VREOEICEUELRSB L, ED
FEGCE B L, Enet 25, BITHHR v A7 A0 T, RV AT 2 IO HEK MRS
RYATLAELHBBCELRNEHETHEEL, ThodidTsz L vRAR,

LIF, #2EERWT Enet OFEGFEOEK Y B, H3IRLREWT, 77y 7HKH
& E-net BH L OMEEFAY R T LI L D, FRICHEER Y A7 403 E-net TEETEHZ &
HART, SHIERLEWT, @R YAT ALMBRY AT 2 L0RMPT -2 0ZFE LY
T4 VE7 =~ A0 Eonet TEETEL %R ToEky, Ef—HHESR AT
A% E-net TH—MERTE B2 ERFRT,

2. Enet o3I al— 3y - BEFAEBREROER

2.1 EFXEBHR

E-net FHRC BT HEROBEEAIL, HREET “BE (transition)”, HEHNART 55
H&tE% RS “FBA (location)”, RO, TOHRMEDPHIL L TWDH T LB ET DD “HEE (token)”
Thbh, HPERBECR UL, EBIHET, BAMSS CIARAETRT, Thb OFBERIE
FHCRMB I, BERELNCEIRDBILTRINS, -, WEvA7 a0EEILER
LEBALDEZERTC LY, X, WEYAF 20MEDEFILEANS BLA~DOHEOBRIIC X
DiREhb,

Enet FEOFH AL TERLELLOBLEEET IR VT, LOHEGIXELTHR
B0, MAOLEFETOMTH W< orhoRERE D, T, —ooRk LT 1 X
2AOER TP EN, DR BACABERC L - T, —~ 2 BA»BH SRR X »
THEIWENR BN, —F, ~DDOBBIK T 5 BADOHE DML FI Fig. 1 THEABERXR (primitive
transition schema) & LCaR 2 5 SEFCHIE 2 h b, ZThbHEKBBRNRIEIEALBRM
(primitive transition type) OMMYERE TH - TERDO X I THERIND, Tihbb, X BB, Y
BRI, Thth, H2UERVIOMBROK TORINED2EL, FERBI, J ¥R,
nxh, WHBHERFIOBME (fork) RUMET (oin) #%E L, T BBRIHChA2BHENEE S

1 AERBLAFCLCBAYHABL, HAERHELrEHLLVCEBELY ANBR, TEGHE THEGEL
(peripheral location), JE&IE 4T\ & A% FERE AL (inner location) & .65,

2] BERAFTOIRDEFTCHEGVL RSB AL RIRE W (resolution location) &y, MIEH Tl AR T
£, TOBBIT BRELORE F3) ST “07 50k “17 LAMT L BRoMOE iz
IT 9,
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Onnd Coor(y) () Ce

transition schemata

X(r,b bs,b )z Y(r,b1,b2,b3): F(v ,ba.b )z J(b1,b2,b3): T(b1,b b
(0,1, o 0)+(e,0,1,0) (0,1,1,0)5(e,0,1,1) (1,0,0)+(0,1,1) (1,1,0)5(0,0,1) (1,0)2(0,1)
(0,1,0,1)3(e,0,1,1) (0,1,0,0)4(e,0,0,1)
{(1,1,0,0)3(e,0, 0,1) (0,0,1,0)3(e,0,0,1)
(1,1,1,0)3(e,0,1,1) (1,1,1,0)+(e,1,0,1) If r is peripheral location, replace the character, e,

(1,1,0,0)3(e,0,0,1) by #; otherwise replace e by O.

(1,0,1,0)+(e,0,0,1)

mappings
a) X transition type b) Y transition type c) F transition type d) J transition type e) T transition type
(2-vay out-switch) (2-way in-switch (concurrency concurrency
initiation) termination)

Fig. 1. Primitive Transition Schemata and their Mappings.

ZERTRERT,

W v AT AOWEOHETIE, EREEABERAC I VERINDHIEZEB BT, ATEL

EHELCHSB5BERTOBBLE VT THNBELACBIITA Lt - TRENDS, £

DER, # BB RT 5 B4 BEEEOKEAN O T et 5 BE) O H 135 % (mapping) &
LCEHESNhS (Fig. 1), T7chb, BROEIC I D BIERO &AM IELOREES », I,
G OHELC X VBIFRORENRT SR, FARTTBAORENTOEN TRIN D REC—5
LB A OBIEDER L v a BB O K (transition firing) &F 5 (1 A &), 7ok,
FROEFRCRINTOIRWEBAOREOHIARETIIBEBOR IR LT, ZORENRL
DEFRFEIND,

—, BRI ERO X 5 g tboRL e mTUMNE, Mo AT AaNEBET 5 AMEER Y
LRTCENTED, LMORI T L RTEELY BHBEE (simple token) &L F 5 DK L, %
B R CE 2BIEY BT (attribute token) L5 5%4, Zh&ELT, HELTD
SO ERTIEDIETOL DL BEEMEAEFTE AL 0ERAHHEY, b, FARH LT
EE L bevoil, £RAMI— Bk TE~ LEOBE LAERTERVEW)
ZETHB,

2.2 E-net #:&

E-net ¥§i& (E-net structure) 3FEABBRRA L BUAZ AL TCHEE LD THSH, L LK
WEBRODZTIIERTEAEMCRELH D, X, BB TELRE LB b RSk X
Al b &b, £, LTo X5 ey, KEWEELES 5,

E=(L,PR,A)
e, L=RMORRTETEES
P=JgELET D%, PSL,
R=FRFNED 04, RSL,
A=BEBOHRTZETIRVES {a:),
a;=(s, t{as), q),

%3] EBAORMER, BArfiEvasicvs (full) L& “1 eRL, ATV (empty) & & 07 T
#£L, Ebbmnbinbil (undefined) & & “@0” TEKT,

4] FnrFh, K, Kla] ¢RT, n REHELTCLREOHEBETH 2,

25] FhER, b, bim] TET, m BEHECEIBELOMKTH B,
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TZTC,  sIEEARERI,
tla) 11EB a; OEBEHE (transition time),
g VL B®FIE (transition procedure),
EBREML, FTOBEBNZLTOLSRHE AT A0HERME = FAbLicdoThh, X
BOY ERE K')‘("f UCHA BB IR TR R - e EHAEETE 5,
BB FIL, BRORK > CTHRIERLDEBDANELLL LB NELA~B T 5 Bt
CHBEMOENER LT HADDEDTH D, KD XD In—kBEHFo,

[’ 1”—)(611; €125 eln): el Pr _ﬁ(e/fl; Cr25 "t e/cm)]

ZEC, pi 1SSk BBRRE S GMBRTH D, ey 13 Algol HERNRAL THSHEY, BBT
IHOFHEZ M8 B 0 X 5ciThh s, X, BRANWEAEROEREEEZFH C LRy,

ZD X5, Enet BT ER v A7 2 OMBER, BIESEERLILbOTHD, HEvA
7 ADORBERTIL, ChEEBELOREYEZ T IV,
2.3 E-net

E-net 13, FiEi Tl BEnet TR v A7 A OWMPREL e > § 2 v—v 1 VEREE
LOBRTMTREY S 2, EBICY v —va vETLHI3 LD THS, Enet 13k
D X5 BN EFEIN B,

(B M, € )

T, E= (L, P, R, A), T7bb, E-net ¥,
M, TS E (initial marking),
EIBIERH (environment variable) DS
¢ 1TBIRTFNE (resolution procedure) DES,

T ERE Y, Enet ST HIHRERZRETH200L0TH b, By, £EALK
WIIRER 52 5 b LT, ThbbED L5 hBEEYH - BMERSDFLCE NS
PEEZ LA ECLSTRENS,

REEAHL, Enet EAMEPMHEFERZTL2XI5CTE4 v 7 2 - 20EE v &I
THADTHY, ¥ial—va VEREOHWSWRELZRTESHETE L Loty iHFo, RES
#ix Enet o LCEEMTH Y, TOFEMZERFIE, ERFECKSVCEES HATEET
BT EICE - TiThhb,

FIRFIHL, FABRERBELAYRE S X XY EBAOERELIF K TERERE (HE A &2R)
K%Lh&%,%%%R%K%6%@%%@%%%%%L%%i?ﬁﬁ”t&@?ﬁ%f?%@
ThHbd, TO—MRBIRDLITH-T, F#ETEBFROBELAMUIAEBOX S T
5,

G =r: l:p1—+M(r): =s; Py M) =1 _S]g; 7

T, 7 oiﬁ%ﬁ%ﬂ%k@%ﬁﬁ P P BEGRREY S UMER, s€{0,1} TH 5,
FnT, ¥ialb—s VOEFL, Enet BECHIEEREYT -0k, LEEUTHE

6] BRYUEARACREVWIEHBELOBEEY S REBRROLICEREIRE, m BOBEEYRHTE 2 E
Wby DRIEE M (bi[m]), B b; o R BFEBOBEDORELY M (b5 (k).
H7] FHMOEEASLTLLEHEREBL B EEELRG, pVee N T TRUVEBANRHINS,
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WEWE LY ACTEEROREERBEL Y FE Lieh b BRI Lo BB 2k 2 L HK &
B, BEEBHIES LM ERRIRYETTAZ LRI EDERD, DL X, HFEADIR
BT bbEEORBORENTR AT 2aOREYELTEY, X, TORBALTWLEE
DEEDHGE Y AT LD DREOETNETECHIELTCNBEELLRS,

X, BERIRCB D XEEUNERCRD EFCHRIOREC L TEHELENDL LD D, T
Witz B &, BEERERER YL CREACEE ATREEEL VoL - TWBHEN Z o, #iEs
JERGC R E BIEERNY, RV AT A TOEBEMCHEGRHT SR EEEMETHD, SEE
fil (dwell time) & AT BB EN

2.4 ZTHA-Rw b

E-net [0\ T & 7 AR O EERE & 70 5 388 B A A Ry o~ o Bl 5 I R LCvwb &
&3, EFAUEE R U Enet OFFIOMBITSCEBEES T LTW50, e, dHv R
T APEMRBREC Ao e D FAER L LTO Enet $Micch, ©51r8KL LT
3 E-net FIEORE G HCHHEBN, GHEMEFO LT INMhoERE Lo TW5,

</ w:%y b (macro net) L, A% Enet ©FAh CRMBENBREE S % H{EIE
DH LD » CEABBH XABANERLY S L Tkl b~ 7 efbl, B—EE5EH
Z, MEOBBD D\ TELEFARBCIIEZ R0 E 5T aHETHE, chic X WERE
DETxEDD EHRC e FAREOEFRBIBL T 2HEE2 I LTW5, £-TC, <7 uil
wITHEA, TORGEE LCIBRE LTE L E hBERIERMCEZPTOLOREST &2
EETHS,

ek, Fig. 2 wx{ffbhbs~7r -y rOFI%RRL, Fig 3 REZD WL DDV TER
DE BT 5,

O

- =0

() (xy) (43,m)
n-way out-switch ne~way in-switch n-input m~output Resource Handler
AND

a) macro transition

priority-out queue first-in first-out

token generator token absorber priority-in queue
queue

b) macro location

Fig. 2. Examples of Macro Nets.

i 8] BBOBKAANBLLT Tl {HHBRACLEFL V52 &, RO, FEAT—REAC R TE
IHOBBEL M ERTtERrRv IR L 5,

9] HAEE K WEL b E BRI OME % B G (token dwell time) R b 1T B iF
HEEE K o SFMBME RO di(b) THL, > $ 2V v 2 v EFMYEL CABBEIEL b ¥ 5
DR % B AL by @ SATRER & PO d (b)) T,

H10] BRLLTCEHRIATOD~ 7R -4y b &< 2 2 #%E (macro transition), Ji4ls U CEHR LT
53 D% < 7 = [EH (macro location) & M55,
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e Ty T a3 | (o TTTTT T H
OGO
R e S | () i
! 1
O __ e
A=(55, (59))
. - E=(L,P,R,4)
Ay =(B,,,(B)) FIFO, (n) =(%,4,,(§,¥)) =
Ezfi,r,n,g) E=(L?P,R,A) ° :‘:E";'b1[“"1] s, lavil}
I={b1 5,005,850 50, L={p, [n} o, (0} 5 0] v, () B;{¢ n}}
P={b, 1By b31C, 500} y:{b1[n],b4[n]}
B=¢ R= @ t=lagia,}
RS A= ! a,=(3(,,,,),0,
13321 =280 o s
210305, 10,08,:0,0) A p=(2(b1,010,0) (ot (10100
2,=(3(2505,4,),0,-) a,=(7(b,,b4),0,-) M(b1(r'x))==n(b2(n))+n(b(n));
25=(P(d,004,0,)40,-) a5=(2(05,,),0,-) 1o, (a41))22M(b, (ne1))41)])
Mo(b1 )=Mo(b2)= =MO(02)=0 Mo(b1)=Mo(b2)= =Mo(b4)=0 “‘2=(T(b1'b2)'°")
E=Y=g =g 1o ()=, (o, =0, M, (b,)=1,
M (b, (1))=M.(0,(2))= oo =M (b (n+1))=0
a) 3-input 2-output AND b) 4-length FIFO queue ggy=% oe ot

c) token absorber

Fig. 3. Examples of Macro Net Difinitions.

3. Ewmet [CkDEHRERY AT LOIIRY

3.1 EHERL XT AL

HEERY AT & LT, BEOHAOPCIWTEERPZERMCE LT3 & L Hhgl
Lich DT, B HERNEVIRFEEF VOB TRIEINE, OISR LTELhAMES
FBRRNT—RCEBRETTH D, BB EL Z L XBFRETEDSS T R B I E
B LB EBHET,

WO HRROPER2EHFEEL LTEMERNLL 7 7 VHEEN ICERER, T4 04
AETHEBEDESC ORI M FEF ICHVWbRD X5k Twd, Linl, EDSErL D
CLTCHETLORES FERN» L LOTERHEMRELB L Z LT, 1 UL Tho
ML EHC O CTCESLE T VETERS FRRNC TR T A LE S D, LI, HROTEHS
FHERI—ROBIHUS HBRRCBELT A ENTELL LB 2 AbEA L, BE, BEiR
VAT AL, RARDHTEL LN BIERRET —~REMS HERE K E LTHAIZTHRE
WERTVWB VAT ALELZ DL ENTES,

dzx;
dt

FRFEYHCUELBE I ETHE, v A7 20ETbbHEAMED B W EEHH O
BACREFE DT 7 r v 7REBNEHEIND, Zhid, 7 ey 7RREAPELEMS TEXE O
SHEARCHEMCIHEM LT Vo being, #EVEEs HEROERMEEBEEZERL - &0
TEAR7 e 7HEEBO Y e /5 2 LTREZOIEFHATEDZ LEICX B,

K4, co7ey 7REHRE Enet BEONMER EPBEL LB 2L, X, Enet &
FERMN T EN BB TET — 2 DRNEF — 2 HOEENEHTELZLRFHL, Enet iz
I DERR AT ARERCESLZEEHHR LI, LL, 2085, Enet 3BH EFTHLESR
TR Y A5 AR E LTCRBLTCE T &, Enet OFEFIEF 4 P2 AFTER TR B
LA Lo h, HEROFT 4 S A AV I 2 b—a vERBCES L X SLIE 4t 28> E
B B2 T5% B, UTZoRERS % “INT” LW EHRTHWS,

= fi(xy, X3, =+, Ty, 1) (G=1,2, -, n)
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KEHCENT, 7ry 7RERCKTHEERE LI D Enet RELE OMEHEFREERL, 7
2y 7 Enet CEHTELZ LT bbiilhoE Rk Ccodift Ry A5 45 E-net THB T
EBHT LR,

3.2 7Ry K& E-net SOOI

7ay /NEHE Enet B L ORICHEBE RS -» el LT Fig. 4D 7wy 7M%
EB2zh, tDLHT ey FHEBETABEERY, F- 20 AMTERCERT B RBIIR
DABREHTTTCELD ENBTES,

1) BoBFER QAR LHED, 1eliE)

2) BAREEFE U A, LHA) #izd, R, B, SRMEEE (v 3 5 2%
3) WEIEFE QAN LHEI) Bz, - B 5 BRE

4) TR 1 AH, 21

F-ZORNCDOLERTAROE, ThiEoBpHrEzfiz el ), BoyRY
B S T BRAC, MEER T ERE T, X, SIEEHFIF BBHC, ThEihETC
ENTE, BOBRCRTHOPHIMNIBEREL LTEL AL LB TES, £-TC, &HRE
EEABEBTAHAIVKET AT - FOEENRRBATED bWE 7 r y 7 HOABEEEHEIL E-net
TRABRTELZ LD, ThbeEETH L8l o T ey 7RCHET % E-net BENE
bha o itk s,

1cq 1c,
S % x
I, g I,
e
XA
3 _r____.J F2
ADD | £(x) [
(F3) (F2)
a) Dblock diagram representation b) E-net structure representation

Fig. 4. Example of #=Az-+f(x).

a) integration element

Ic a
. J> a=(T(b, 40, ) 4t [2a1(0,(1))=INTC(D, (1))])
@ @ Hg(g)=1 ,3x~xo(b3(1 ))=1C

b) function element

—> ¢ fr-

b

a=(2(0,,55),0, (Bam(5(1)) =2 (b, (1)))])

b*) limiter (nonlinear function element)
a

—~A=

Pt P2

a=(1(b;,55),0,1(1(b, (1))<p Jati2,(1)):=p 5
(1o, (1))7R,)11(0, (1) ) :=pyi
(2, (1)) :=1(p, (1)])

!

c) operation element

a,=(J(b1,b2,b3),0,
(b5 (1)) s=1(b, (1))omM(b,(1))])

>

©

— o

A

©©

d) Ybranch element

1

Fig. 5. Correspondence of Block Diagram Element to E-subNet.

9

a=(F(b,,5,b,),0,-)
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EHBEERIT 5 7 — 2 DMBERIL, 7 — 2 O E K ©
TR T - 2 B RBEEL LTRe (b bR G =P
£ L) AFRNE A B3 5 BEFHE & U COEBFIE TR (1) &) (o)
BTHC L K VRICES, 477 = FEERRCURER il
MR 0) &% 2 bhb s, Enet CHBEEELHERS & L -m%bwm>

TEHEIBE 2D JER TR 5 & IRIE 4t TFF Mot o KEAEpE

DPEBRORBERNT BT THLELS D, ZOETFILE N Fig. 6. Another E-net Repre-
7R J 3 BEE S B OB EEREEEY = F ALz 0k sentation of Integration

Element.

Bz bMESHARRCHICTHEBROEREM L LTREIN
B, MbhELDBE, Ve v VJRRBOZRAEELZ L LD
E-net 8 & ity Fig. 5 D X 5 I IRERA R b inh, =
nHx M5B & Fig.4a) Ofliz Fig. 4b) D X 3R I I 5,
—HD 7wy FRTIREANINE, WERES, LEKEK
FEOEZFEPACLNDHZ ENDHD, Ihbil LIROBEER
DRAEHECERTHENTELBLELC~ 7%y
MeThul v, X, BEOERTEMCE CEEWE ED
MR R L TE Fig.6), 05 & Fig. 5 ok~ 7
By PREEEZDZENTESD, B, BHERYAT AT
BIEERIC I DR EIRLUMIHES T — 2 EOBROTRBRICENTE UinEE 2 bR
0T, MHBEROANBELOE S ERHANERRE (40 2820 X OFERTILENH S,
3.3 E-net CKBEHERI T LDIECHRE]
PlE LT Fig 7T CRENDIREFREEL S, ZOERERIROELFHES FHENTEEIND,
Mmyd,—c(@y—a)+h (x—x)—ky (2, — 1) = 0
{7’12932‘}‘5(3'"2—-2:1)‘*‘/32 (2~ 2) =0

Fig. 7. Model of a Mass-
Spring Damper System.

HL, t=0B\T &H=x==0=2,=0

(8,1, (59))
E=(L,P,R,A)
1=o, (13,0,04], ... ,b12[1])
F={o, {112, (1))
R=f
A={a1,a2, ver 48,
a,=(J(v, +Dgsb3),0, [T»Ifi(b (1)):=1(, (1))ax(o, (1)) (adder)
—(’I‘(b "D, )41, [T—»M(b (1)) —INT(m(b (1)))}) (integrator)
5~(F(b4,b bg)s0,~) (branching)
_(T(b5,b6) At [Tat1(bg (1)): —INT(M(b N (integrator)
5“<F(b6 77 10) 0,-) (branching)
aé_(J(b7,b11,b12) 0, [Tatt(b, (1)) :=Cx1(b, , (1) J4De1a( 7{11))) (coefricient adder)
—(F(bs»b9,b11) 0,-) (branching)

2g=(3(Pg1b,,2,),0, [T41(by (1)) s=-ami(bg (1))-Bi1(b, ((1))])  (coefficient adder)
1o (b, )= (g )=1, othendse 0, b, (1)) =4, (pg (1))=0
%—Y—lﬂ

Fig. 8. E-net Representation of #=—(Aé¢+Bz)+Y.
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WRERD LS CERT 5,

o ]C +k2 4 . kZ kl
%= < my O T ) T Gy ST x) o *
o Ry TN Y

T2 = < My x2> T ( m, *1t My x1>

ZOZOORIIKD X 5 bl - T B,
X= - (AX+BX)+Y
Hh CX+DX
ZORD Enet 11 Fig. 80X owE3h, Z2hil Fig. 90k s8EI RS,

a

x entry
° x1 subsystem x subsystem
_ e a 4=0=-S., Ba _1112 .2 a |
i
{

b12,1=b1’2, b12,2=b2 {linkage with peripheral rocations)

a:(J(b1 19,00, ’1),0, [T-»M(b1 ’1(1 )] :=(k1/m1 )*M(b1(1 ))+P';(b2(1 ny»

Fig. 9. E-net of a Mass-Spring Damper System.

4. Enet CKZEHE—HHRERY T LAORH

4.1 ERE—BIRESRV AT LA

HWE—MMHEAR Y AT AEVWIDIL, HER VAT ARV R VAT 227V A T A
ELTEHES, ThbDOBTF — 228l S OFREZFE L SRBEERRTHRE Y AT A
DZETHD, R, hEERREOBHRR Y AT 23 ThThl B FALFERPY $ 2
V- g VERBRPEZLRELR TERL B2, #H R v AT 4 ClE&E7» —~ 275 7, CSMP,
DYNAMO £, Miltish > A5 & Cix GPSS, SIMSCRIPT 45), L2 L, BER VAT AR LT
e F A TR, Yiabr—va VEREE LT GASP b 52038 KT % & Cieizg
o T Trs,

E-net {JH RV AT oD T AT E LTCRIE LT, B38| Tk X 5w
RYAT AORBAERTHEESTES, T, MYAT ADHTOT — & 2HlH & DR
WOZFELPEAETES LY, Enet KX D~ MCBAEROREBRTCELZ LS,

E-net @R WO ERIIEEC I VEFEIR TR EEOBIK X Y ERomnrh B ¢ &
50L@%ﬁ,&@Wﬁﬁ?%*&ﬂ%ﬂﬂ%ub%WﬁﬁET5:&%%b,% YN
BN T — 2R LD, #-TC, BEFREEBTHHAMBEE D01 Enet €74 EC
DF ~ 2 Z U ELOHEARCB LT TR ZTELOBBOREBRLTOLDOHLTTHS, i
b, Enet © L AR ORB TR & XL 4t OB MR- T35 0T, E-net TEK L
BEMBERY 7 v AT A DEERCR Y 7 v AT A0S RCHlik R E LT END DR
5D E ELIENERREROABRBIC oI b hidins 3, coz ks, HHo
FENTIbbBIEDERTHD I EEBLALEDE, W7 VAT 2k THIDRILT
NEZhOFEAMC S W TEIRSIENREOR A% & A 0EN D v (Fig. 10), e, #EHEFJOEED
HHEYBE LW ENEETH 5,
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continuous system 7 \‘ discrete system
4 \
o ° \ -
° \ - °
2% o N4
° — ey
:
1 ° N o
I s%0 v
B APPE + (sampling) M 4
RN L A —
e )
3
i i P 5 event occurrence
(information sequence) (nolding) ( )

.....

Fig. 10. Communication between Continuous System and Discrete System.

4. 2 E-net (: J: 6@%%"%%4 v 9 read-out signal or

91 —2 synchronous clock

BRFRY 7 VAT A LR T AT A
BEAGTHE, Fig 10 cREND X HEHRD
HRAAEC L - TEADE W IBRELRITR
it Tihbbh, 4 vE T = — AL, HESR
LN R IERY EAEAETITEERTEDL Fig. 11. Interface from Continuous Sub-
FUE R 1 & R O BRI B I U C il system to Discrete Subsystem.
HUHERGR 2 5 R RICERET 25 ISR CIES N IBRRTI X B 2D X SAEICED
BCHIET 2 LW ENHUEH D, Fig. 11 & Fig. 12 & E-net TRAB SN LhEhD
AvE7 2=A%RT, Thbix~4 7Y » FiltEB kT 5 A-D, D-A ZMB HHE4 TS
LDT, BHERIGEL=Z7 v %y MUERT > ERBYNTH S,

4.3 Emet CKBRERI AT LD

3.3 RBNTHFZR VAT 200 E LT Fig. 7T CRINHDIBHREYE LI, = OEEHZRIT
HfiOBRZDETFAL LR CTED, TOHBEERE 2 X OBERECH T 2HBEOWIRTH D &
EZ OB OB E 5, ZOMEROEILT b bEEY O RELHHRCR CGILUT S
7By, HEECGRD B EERAOBROMN T 2O Fig. 12 0BORAER L85,

T, vialb—a vRGgaBRR &b EERCETETEYELSL, 0L %, ¥
RN AR OB THh 5 0%, EHR T b bREEY O A RRILETEE OB &5,
—75, HOBEEEYEZ 51T, ETEEREFEDY I 25 FACHEIhs &2 b
NHEGRBI OB & b, #- GEERG, HEERE @R —-EHRE —EREE, Lv)

discrete

. subsystem
continuous

subsystem

a=(X(ryb14505),05-)

read-out signal or
ag synchronous clock .

discrete

subsystem

continuous

(8,1, (5:Y))
E=(L,P,R,A)

P={bd[n] )b, [n]}

subsystem

'

B={r1,r2}

L={b1[n],b2[n1, ,b7[n1,A5u1>ua ty(bo)=1, otherwise 0

A=‘{a1.az, ee gl ] I(O(b5(1))=MO(b5(2))= =h’0(b5(n))=0
2,=(F(v,x,,0,),0,-) a4=(J(b4,b5,b6),o,[T-»m(bé)mM(bs)j) E=y-¢
ay=(F(,s0,,7,),0,-) ag=(F(bgsb ,b,),0,-)

2g=(X(x 5 000,0,m)  ag=(K(rypby103,0,0,)

Fig. 12. Interface from Discrete Subsystem to Continuous Subsystem.
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T4 = Fly 2T, ZOA— FhOMIREE OB E R O E ORI AR X5k,
BREYE, WEBEORMKGE LCHHRRCIEIRD, DX 5, MilER TRl Rims &k
WMHRED &% Fig. 11 RO Fig. 12 TR LIcA V2 7 = — A CHEA LERNORERE 5,

5. & H O (T

E-net FIRIIMHR v AT 2 B S ER Y AT a0 e FALFEE LTRBLCETE D,
ZOHTIEERDZ Y, L LENUAN DO BT DA EEME K LTt T s
-7,

P2 1x, Enet 3IERMEFIBIERTN B CEF — 2 DFENNEH CEBH 2 &, Enet fiis & 7
TR SHBERO T e VS ATHEDL T vy VREDOEICHHEML S 5 2 & FREFEH L, BB
Enet X VHFE RV AT AP RMTEAZEEHR LI, EHKE, #FFH VAT & LHHR Y A
FALDOMTT — 22 M/ EOHROZFWLEITS M4 v 47 = — A b Enet TRETE
B ERRLIE, #oT, Enet BEFE—KREAGR VAT 220 BTHENEZETH I L00R
Ihic,

PR, MR Y AT & LHHEGR Y AT AT ZE O 7 AALFIES e, Thlhiine
WoBbhREizosfct TR TR (&7, L0k, BERYIav—va vERELRKERD
MY AT AZREFNRIERATHY I 2 =y a3 YEEYME LILTEOL O (21X GASP) H3iA
PRTWBIETER Y, Enet 028 & LCEER L3, BdifBe A5 a0ililE T
TEHEWH T LTS, ERFYEDLEER Y AT 22 hEFEBOEAGCHTOEHLIN
BHLEMKBE—DFETHERTEL LW LS,

EHIC, E-net THEFRY AT 2 RRETLEER, AFERER T3 X5k TER
BRER VAT A EFAEFTAOT 4 DAL ~—F T 2T VAT AHD WL & — D<A
FwA s rTaxyHe AT LAEOYMEMITCE T, FOEIZBIETEIOEELRA,

WEERIZ LT G E-net ORDEEINCIREIERMOMH ML L, SHBREMSTOIKCHEAE
LD 7ehC E-net BEOFSMBAE ROHL, v av—va v 27 ABEFEELLT
—BRE IR DE LT ZERNETH B,

=+ 8

A. EBODORK

BREOIEKIIRD XS In&BEE»L S,

1) FELIFE K TTREBERE (pseudo-enable phase) B IRBEL L FHF > X RO Y BB 2T
FETS): ABEREANRERTHDOEHRGT, MoO3XCOAMNELIIEKFTHEIREE
kb, FBEIRBELOREL TR TH D, BIRFIHE 2.3 ) OB T S,

2) JEKTTHEEEME (enabled phase): T NTOBUNFKATERECH D, = OREHATER
B BT B,

3) FEKWEELHE (active phase): BB EENLHEFTFTH b, BRIERM (2.2 &) 2 HE IR
Be ZOBBICBETLIEBLOREIEL LN TEREBEIN TS,

4) FEKRIKTEME (terminate phase): EBBIIAEEET L, WHELORERZFHEDOHL
ORI —F &, BBER 2.28) ¥RTL, ANBLOREYFHOLIDOREC —FH 2
5,
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B. BEBFIERCZRFIROTEH
I:Pﬁ*(@n; €p; o €w)t l Prlenns erns v e/m)]

70 % — TSR LR O FIE CRET 2T %,

1) pe& i=10BIEKEFML, T () LiedZWOS0OE RO0%, i=kx TR T Lith
L RO AE 2T E, Robbield uEEBR GEIRN) FIHOFIZE T T %,

D DT LhABRIOLDTHLIHIT len; en; ;e HETL, ER (EIR) FHO
PR A T3 %,

C. ERAMERARRE(CHITLWIEELE
1) BI5EB T (default transition procedure): ERBOIE KL > BEIMENBHED
T b T B OTE Fig. 1) THE2OREELTZT 5546, BEBTFIHL “— X7
BExirzohn, BL, JEBH G, BEEIEL L 30 AMNBLCEEIEL, &
NBHEBIE, CoRBERELR, X, BEHFCHE-—HOBMEEOLNETLZ T H5E1C
L, EOREECH TR ERRTEERFIHE LRt iul v,

2) HBWEIEALELE (abbreviated location description): #HJFEAKEMRT D & T, FOFEAL
DOEMEOBE AR Uin < & B E2ME UewBaiciy, Bi:o@Eicshd 5 iilia 4
T&b, Tihbhb MG Obbbic Mb) 2B ZE0FER5 GE6l &R, HL, EAL
DIEORMT 755 Enet fE LB B 2HES L OFES WO B WL ZOEBILFHF SR
7o,
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