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IEFEAEAE R E R E RN R, HATHAZAN G TAETA AR TAR T TEHRYHE
FONE, BB S E BB H ™ o

1.2 HREH

TERT—HBor o, BATHGR T B # WA LR BT RN K8, BT 0 SRR, B,
BATT LA T — B, B BER FREN R, SR FRRERE S TET AR K
RPN RERE . RREKHREHET ERTEREXRERHETX S, DAL SEE
TR FHERFEMLIEHER £H 1-1 PR T XEARKHMBREHN S5 EFRRRERK X
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W ARITHRER LLTEEE RIS M, TR ERIRERE, ZI5 A B
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A 1-1 BOtRR RS

BRIEE 11, ELRRFRANTEHHERERAST S, XENRATHEEE, K
WREATHRENEL BN FEEK. AZEH L EEFHA - dusr s R2RERLL
AR-wEX AR, BE, XE—MERNYHEER FKILEL, S8 REERTHMEDN
ZIEBEL . XFELEE BB E & THRIREREE L

ENE, FTENTHEZHEINERLE, SHENEATRTH REENFHREE, i’
M5, MRS REATEATT, BT —MIER . XL TR RN BB T
BT, LRI ST A AR, R EER KT, UM RE AR MR, K7 AnldEd
EHFRANARRSEMR,
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x5, BB BEER T EEEENE, FEAERIR FHBATSEEEENE, FHEHK
FCHAT R F RO iR T AT AR E 154 F T LA KRS MER S AR,
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b ISEMEE TR RS EERER . NEERHRT, TRHEER R PCB ATHE R
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1.3 HETEIH AT
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WS4, BT XEFRACEBEEA X7~ HLANEME R, 8 EF R IHH R R/
HBEH NS RSB ENR ENBRESBYEHRGEHE, FEREHERT,X
AN B R R A AR E T A/ N Z BT R B — B a4k, T8 FRE
HIFE 55 R D RE B B 3 0 8 8 B el B R EE ) (R A g R iR T R P AR il e
U XTI RE (I IE B2 5 PR o5 R AT IO . XK A ISR h Al T I
YR TR IMNARIAL, e HE AR B B TER R MA LI T8 s 2R
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IR B SHREEANEE (REFEMSEE XL, SCFHEER) X DIR/ME, Re 2R
MFnatRI 4R, 82 N B, R P T ¥ B 54 (technology mapping) , ¥7iX £ B B /MU A /R 7
R FAZE L, X BRIk A THE LZEARKITE,
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4ol
Lok H



4 £1%
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R FIKN o SHEEE LT E A AT RCE , BT N F 788  FH 83 A RN,
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ZEMERMNGEH LM CAD TRE TR RAEM, 52 1 RE, MR FEFEATAE
AR R AL B, Bt B MO MR BRI R B CHEEL, BE, HEEREA HIRER
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WA, B iR, EREANEX RIS, Bt HERB R RETFIIT R
EBE, R)E A B 3 TR KB E T REEATIRRM L, 27 E KA.

BHE, RIS A BB AT RGEE LR)E, REBRITE M CAD I F — B 5 A 2
Wik - R RFREY R, A TEANRE, AEKAE BRI, BaiEU, R kS
WX MERRBEBEARU L, R TERMRBES, WA R ELEIEANRR. &
T —E53 , AR X B RGBT B3 B Te SR AL R AU A LA 38 o

1.4 BRERFEF

— R & FER B R R B BB B2 M RS, INRTETR , T T H
XHGHER, T E RIS I ERMER , TR SRS, NP8 iR,
e REE AR LB IRE  E W B R T ERITNALR, A RET X BT A ol BB 451
MTHEROERR, WA, XRERE R BERE N RADBELE TROERT=ER,
XA RG TR E RS 2% FBOER BT R, BB BT E R BT JE & 2R
FERF IR R R

R LU R RS BB MEAR R, SE RO 3 R, FE BT B R A B B, 7E 1 R Al
AR 2 B S BRA BN RE MR L, BRSNS 25kE
BAMASEMER. FI0H, SR, LR ST TR BRITHERITRERRRA A,
B A A BE AR RGO DR, T ELE SRR T S 88 TR R B ST S e 3 L B ZE R RE T
Foh, THATH RGO BT B M BT A B TP AR 3Or, R RS R TR
H , BEE X AR AT/ N R R LR B R R F R GE TS B b B D REME IR O o Tl L, X F
R HREA—N REES TR, X RE RIS T REM T TRITHR
Ge R BE A T3t RGOt RO HEAT B S AE. hSh, AT AT B9 RGEHE 1Y
RSB F AL A RERIE R B Shik, T B— B T5& BT LRE, B AAFBITHREM
WA AL, B, THITH RGBT SRR NPT A = M A ar i R BT A &
B B, IS R

—BRATRA T THATH RGN EFRRE X LR HIE T RN RA BT
prh B EEMEEZ—, N T M CAD TH#EO, XHNIETLAS THEK ERAER,
XFE S DA R R AR FTA HE, 3 B TGS A . BE, XHHNIETNELS
BREGFISE & M XA Rt B 2 A i R RE R LA AFTREL

EEREFARAEE X RE R TR AR ME— A, —BREGMAE, R
R RGN S EAVERHER IR S ATRR, LR U EK . FEXBRIEES,E
Seb S SR T B ARG AR . SR RALEEES FFAEES & ASIC, ACERRFH I
Fo A B E A AT B K X5 FERR RS B FER/D 2 /5 BB A7 BB TR SR 3B 5 ASIC
H LTI RS B R B GE R BT ) B B A/ T R R R GBI B3 R 2P
S HFEERE Lo
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BT R, B R S KRR A PR 3R 43 . BRI KR LB B — 1

KB E AR EPAT, TR RS R— N EHEA ASIC. REEMRAF L AT —

SR EFARE S, BN AL B BT, ARG ELEIBRETHR
18 1 R G RE R XA — B UM BRES AT R SR BB Ol o 2R AR, BE 3 0 °]
fEth RiE & P8 —R ASIC L3, BITT REFE E R T ASIC 3E3.

i T X4 (R A B 28 4 (4 O SR IR FIAS 5] ) R0 40 22 7 AR R R B R GRS B, 5 3 % b
PERRHEATIFAG , U BT %9 G R SEBL I N PERE VIR D E (U A 2 AR A 4 SR R B
PG, R R R R B R S A IR BEAT U, SRR I P X TR R BT Y
SEBL, B, XFRE A FRIHER MR R KRB BT & FREVBA BA MR KRR TR

— HFHRFIBAEM R T R T X R R P T4 L SR IR AR 2305 TR PROR, 1
TR AR B A 1713 2 B R BUAE A RO 4L b, R E S S B AR RSB (R R o

SALSE UG , W AR I B 7 i O MR R G5 , TEARE R BT B O B BT S B —
B, RGUUF R EHEEEEE R E X, 80 H A iR SE T B R E
REFRASET , AR AR SR PR AR AT 43 BRE TE T B BRI E il ) ASIC B, AT A FIZ B 45
BTEMITEE . MR, FEFLMRIRARIRIT TR Z B SFEZES: H 5, 4ILe R
GedtiR R AEX KB IT EHEATHR A H IR RG R 0 HUK, LRI RGEld R AR
th R Ge iR T AR A0, BT BBk, ER T R ) R BT R

1.5 R&EHRMIEIT

FERTERR A RATE BT AR T T 8 - % - AL B R SR k%
SO TR B PR AR B SRS , B M R SR | SRR ML S B R
A 15 TR 38 6 i 5 VR H 5 T 2 R B M A , M v R R it
BT ¥ AR RRRT R , SR JG7E— T4 58 B B A R0 B SRR WS, %
JH SR T 2R A B 45 M LT DAL R iR, BRI BEERT
SRR , A L T X 2 AR BB LA

RATTHIE 4 38 R 11 3R G 2 MR 48 A0_ hTR , 6 00— T B o
B RS R SIS ARG HT B, Nt A B ERHE RRAR RGN R
Gestiik SRR RAMLREA . AR R BRI T B RIBEPE R M T SMHT B S B
FIRRI (P 2 8), BB RITHABAR RGRRARS S, Ex % THREMAE TG T 5
R HTEM B AAE A RS OB L W R AR R T T AR (B 3 8). N T
R RGHRAO TS RAITER — A/ NI A R R — BRI, B T — A 5EH T
BT RGHA, RATERI T X ROCHRTE 5 005 6, 01T R B (LS TEA AL R
GettiaR (56 4 ), TESCATHVT R MR M IEHIbE , RAFE A LTI, SR DB E
SRR 1 R ST . XTI — PR L , VR S 7 B P DL 8 R 10
FRAERIE S, WL, S S BEA T SRR, 3 1L IEEE BRI VHDL 353 R, X%
AT TR

5 R GER A1 0 P 250 2 T R SR T R R R B BT A 07
., FERET AT T A X R BT RIS 0 5 R A AIEEAR (5 6 %), LR
P B AP Bl R PR P F 5 7 B8R/ B PEBE IR B LA GRS H TR
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FTEL UL RBE SRR B BT AP . I I, R T F Tt R G R 4T 4R 4L 1 25 b
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RGRBT S RN T RN hd P EN AR,

ARG, A BEINERHER HRRE BT ZR 5 BIEEE ot 80 BL A IS S8 1 B 4
MR T,
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Bt — T REME— L RFAEE HREE, ﬂ‘ﬁ,’%%iﬁﬁim% 2 LR ) B T
REME B RARE o AT LRI SR BE S ER B BY AT A — b R AL 7 KB AR R G
fito AFHYPIIUFIERECF RO R G BOoh TSR, LIRSS S RGP A %
ARG

2.1 8|

RO RAR FI— A A 4 ST B O Th REVE 0L 1R TREBA B, RTINS
BN ERTE E RAM BRI M. (HR, XIFAR—HEH TR ER—IHF, &K
1138 Bt iR — > e B 88 AR 55 o AR/ VT BE T 40 3 1 RS FE ) T B - 7E AT RGER AR IUP
ZJESE R TR BRI B B RE T REMRNREE T ERAB AR
TEH, RZRMARIH N REFTHFENH TS, Hit, BRINTE— WE?@*%%E’J?J‘??&
FVEATE E T RETE o

B BIRATFTE RO HER B G, B IR 1 7 3 RIE R BB BN E B T RE
BE/PMERFTARNES . FT—THENR, E0H 5T BT LB RENEED BRB N
B, B | K3 SRR R A RN /MBS S B L R FE s /MR A B R R
RGN REER BT BORLI . RAHE S —FhE 51 B AR — DR (model)

AT RUER] FIHE AL AR S e de . B S RN RIE LR, (AR B
R R R SE R R, SR A BB R RN R, MbSh , W F R R AR BT A O B R i 2
5 FHMEN , LR R S FBHMN, B it H 7R A LR EX R DRSO A A
k. BE RINIZ R 5 B SRR, X BT R L B AR 209 B VR T S R LA AR A o

BB, — MR B R A A F BT AT L R, BT RGP
e EHEELT , RAVEA—EE RIS R R R/MES, R GBI ERANENES
XX e/ MERFEAT R , TR R R Sk . —FiES W UHR ZF A RIAEE, T—FEREE
WA Z AR KIE E

FRAERNBMEEA L REMNMSRE, s, B 2-1 P4 I T a b fl 8 f PR
FRBR, B 2-1a REMNWERIESHR. XFREEZ AKX HIZET B 2-1b fEH—4H%
FFiBaIR A g, T 2-1c HRARBVIRRREH S

FMBRAIFTERIN, §—MERERR — A R LN BN RZ M KHEELRR. K
B, RASHUET R iy — DR DA R X SR 25 2 18] (3 78 T B0 5 A X 3t , AR R i 40 XX
FIFEER B FEHUBUF T B AT B — B R TR . RIS R R R BT S Pt BRAYAFAE
MET BT LUE B 5 #R REH R A, AT RR i REM AR RS flan, RSV
BB A RA—NRENR ST N, BN EAFRITE B RAREH d TR A
HUE SRS . MH—FE, EEERNEASMERRERR . B2, BAER UMM
—EREAFAEHRENBA - HXR TUEEREES TR RENTERE,

BT EERTHI B AR R B B BUR R RO BERY , Sy i R 7615 5E I [R] PO 3R AR L4 b

|
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WRESRERILN, FAEXBREREN ioop
MEFAERE B, WARRREEZH. "gm' G floor) then
mREBRIILY, FAEEINBELT °“”“¢ﬂmgx#1ﬂ”ﬂ““
METFERE, WEHERNELBNEE TR, elsif (req_ﬂoor>curr ﬂoor)then
WREA RS L, I HEABMBE AT errection := up;
M FABE, Wk aESTORE L. end loop;
a) THREM B RIEE M b) MEEME
floor < curr_floor, floor = cumr_fioor] floo - fi
re?"c.hret:t:f:n = down) (m?'(ﬁ rection :=idle ) (re?_ ureén;nw: up oor)
floor < curr_fioor, floor curr floor
(g oo soumtoon )X e dp e ieen
Idle } ~{ Up
(req_floor = curr_floor) \/ (re?_ﬂoorscurr,,_ﬁoor)
direction :=idle rection := Kile

(req_floor < curr_floor) / direction := up
({req_fioor < curr_fioor) /7 direction := down

o) REHBIE
B 21 A S KSR A

BRI TTTE . BIAD, 78 RGHR N B, T E R T R T RENEZ b X 5 iy — TC BT A0, B
ABARAS ) T {8 P — iR R BT SS B0 B AR, (HRERGIIB B, YA KRR
HEIE B REMMERT , Bt HH SRS RN RA WA,

AFE ARG F RS E AR ABIR, Ny, RiT& S X Sem RGP ERGEEH
AR AL, R AR SRR R ST, MG HH E TREAL.

— B ER BT 0] LRI E RE I REE M A E AR, b E T LAV HE R 1A R
Geanfa THE . (ERE 7 iX—#, it AR A ST,

. L i ) WHER » i
A X R B — MR I B A b R R Gk & LR —
fafl, B, T—4 R B MRS LR R EH wauas| B
(architecture) ,JE i3 8 E 4l B ECE BRI DL Sl # .
Z B RBE R ORI SLEL T B Bilin, & 2-2 , j '
HBIAR A R B 1A R 45 44, o (4 4 o] — R R AT LRI R
SEHREE 2-1c PR BR P AR AR S PR, B 2-2a P a) HEBEER

B R R A BB LI, — RS A8 ,
HAFHCHRPRG AL BRI G B RG DERE —TRABEL
(MR 7EE 220 R RERLEI, EHTRE

WU B R R 12 , fo R o B — AN B e R 2 - S
BRIRAS , B PR o (3B A e T T R S S B R 1 B

B, 70X MERGH D, BEFERENTT, tikt by EABELR
HAFPLT E22 B RS

B Rk R G5 SR R A0 B B RS R B AT
LIME . AR R — D RER T TAER, M
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EREHARRRRFR ML, St SRR A REWRRITHES %
o EBITEBRIBIH B, B UERER Y, Ti)E, BiHE N TERERRAEH
HT B ERERREMIES KRR Rk, HE SO EA%SE, 3BT IS — 2
AT EZHHET , NTBEEREW. #F, BT ENI S R R G L L
Rt = E AR, A5, BT LA AR M SIHEREHHERBT= AR R., HIL, ER
A REMZAT, it E A EAFREF AR LRFES T,

A B — S B ST TR IR AR B I iR R R AR B, O R R R
MRS RGP B RS SRR /ERE . AR TR AL X LR R LB A]
RES R AR IR R G

2.2 1RBISH

RGBT NN R A R A B B iR T i P A SRR R R, EiK
SR, X SRR AT LASH R 5 FOR R B2 : (1) B RARZS L (2) T 3% 36 . (3) T [ 454 | (4) Hi [
BAEF(5) B, @ Ak A #9388 (state-oriented model) , EL A BRARSHL, BH—4HRE U
o il SN 5 PR S A BT B R BR R . T AR A BB Bl A FHEHI R4, tean
WER R R, BNTEXHENREFRENHSITARRHTHWBREEN T E, @0E3He
# A (activity-oriented model) , tb SR F E , BIE R GRS B — A 5 BB E PATHIAER
HWHXWFENNES ., X MERBEEANARTRRGE P X, LMERFFESLERSE, X
MRGPEIE LB E B BEREHIF S — RIS, T & & 4 H 89 - R (structure-ori-
ented model) , L ANULAERE, AT AR R A MY EB R L R B Z RN ER X R, SEERE
MEMEIVEBTER N ZHENIEERFANE, BRnSHHEREERAT RENYHE
M. WAk, SRAVER ARG F AR —4H B KRR %R BAR LS w, & 7] LU A
% %) $ 3% #9 B A (data-oriented model) , tbANRSEHE — X R B, XMERBEEATERRL, L
AR E RS, AN ESIREF REN AR RENBIRAREE . 85, iHHEHRTL
i F 7 My A A (heterogeneous model) 24 T RT 4 R RYAOSRAE B9 — R B —— R TH Al
PRI ERFSE - NERRENZFHAFRKEE

FREBEEN RS EETREER T S ARNER, u%%%ﬁ%%i%ﬁm
EAZHE ., #1140, Statemate THE[HLN" 88J5E& T 3 R AR RBLRL: (1) ThEEH A5 B it
HITE SN ()BT AAT AR H X R ARSE Q)RR BAEE RV HIER . NIZERE
XA A RFARENE SRR R RN R, B 3N R E R T R IH 5
B EEWE T — N LA MRS TR L TR . R, T RAER RITFRIR A
— i B R ER X MER PR R E H ok B Rl —ME Bt TR
HEshl ABERE, BRI NER EAH TRAARKRE, TELANER
— MR,

2.3 HEERREHRER

2.3.1 BRREWN _
A PR & M (finite-state machine , FSM) & & RSB — 01 F EAEBRES R



A2 E2¥F

G807 R BN AT AR, B RS RE R ST A RRERE RS Z AN EBRE N
HRH, o
— R UL, FSM R | 4k & (state) BB VRS Z JH] ) £ 4 (transition) & 15 X 2R
BEETIBARM E 3 (action) R FTAHBRK . BRAER, FSM ZHAHSHR:
<S5, 1,0, f:SXI—=>S,h:SXI—-0 > (2-1)

He,S = tsi,50, s | BRREESG T = liy, iz, i | RRARE,O = {or,02,,
o, | REHESR; £ BT —RARE, BRI YIRS AR E T —RE; T h B4 K%L,
RS R 2 AR A U AR S BB o (A IE RO , A5 — 1 PSM AR — ORSHER
BIHERE B —HRBMERL IR

FEE 23 9, RATATUER - =2 2HMEAER am Oy
PE)FSM A, EXMERE MAWES I=1{r1, san
r2, 31 FRIBERE. L, 2 BEBRE ZBEE,
BIHEES O=1d2,d1, n,ul, u2 | RAREBBITHE
FABTEREER . LU, 42 BW A BN % | 2
B, u2 BWREF BN IZN L2 B, » BWREBBNIE
RO B, EE 2.3 PRTLUES, R SEHRZER
2 B (WA, MAPRSE S,), - ERE 1iEE, 38 23 afEssg FMER
LB dl.

BRFPETA FSM 2 AR A BE R : Bl T4 1) FSM(Mealy ) & FREH

* FSM(Moore &) , EA TR FE M X JIRLE TR KRB r HEX L, ERFEBH FSM F,

BB AR TREFMAME(A:SX T —0);BRERETREM FSM 1, % HE KB T
FSM HRA (h: S—0), #AEH, EETITBE FSM Fih SEBHE X, MEETFREMN
FSM it 5REE %, MXEETE 2-3 FH T 5 T8 M FSM kX i B #2522
M, MR, B 2-4 A H T R — BB R 2 NE T RS FSM #8, m R b &R
AERE T .

r3
r3
r3

B 24 e BREE AR a0 R TRAA) FSM AR
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FEEPRIEL R, X FAHEA N FBEXFIETFTEFREMN FSM A& L E FIEH K FSM
TEFLZ—HBHRES . XRFAEETIBMOER D, BLINATLEERE RS, Kb 84
A E A R B A AR PRENER S, §MAR M E HESRFETC BS RS, EW
B 2-4 AR,

£ FSM R R B R EF S ER T, SBERSEBENRE, BRI
FATRENEREET ACHRENE, T4 FIMESEERBE KRS, i, —4
16 L AGEEET LA R 21980 65536 AR BIRE . SRWA — - HEXT 7 B0 7 Bk HBRRAS
YRR, R R EEE T ATRERY R FSM B RER, R b8 N EE B0l PARA R T Bk
Ao Wik, 5IA—1 16 M AR LA LUK FSM A PR A B8 65536 1~

XY B FSM 8RR K & 3 8 % 69 FSM (FSM with a datapath, FSMD), 3C#k
[GDWLO1 Y HHRINT . & L —HFEME R VAR, —HFKERX EXP={f(x, y, =z, =) |
z, v, z, € VAR}, A R—HEMHBEEIER A={X<e|XE VAR, e€ EXP|, TiJG,EX
— R FiKERX STAT=|Rel(a,b)|a,bEEXP | RERESR EXP PRNRIERZ A E
BER, AT XEFE X, FSMD #a] LgE XA F AT,

< S, IUSTAT, OUA, f, h > (2-2)
He MAERNESLY BTUAEREES fHEFEYT BREUEHMBMEE, ™ £
Fih SR ENX RS X (IUSTAT)—>S #M1 S x (IUSTAT)— (OU A) Z R f B if . {3 FliX
F FSMD, B A T7T LUK 2-3 HR s B 28 61 TR AU R R — AV REE, Il 2-5 R,
REAPRASE BB RATITH, BRARMNEXLT —ANER curr _ floor RAFHE LT Z
8, XEERER T G MEEH B — MRS DE,

(curm_fioor b= req_fioor) / output = req_floor — curr_floor; curr_floor ;= req_floor
start
{cur_ficor = req_fioor) /output := 0
B 2-5 mEEHEEN FSMDRE

— AR, FSM B A& T apeess il & F A i R, T FSMD BE&E & TXHER &
FRHMNNESEE, GEATOHHE ST SHMVMREEE, R, LAHEHHE, FSM A
FSMD #AE S FEREL, HAXKEDLBE AT USRI RHFLEUEMERE. HEH
St EHN BT, ERAGHLMBRSE BB E, HEFTUEE— T hPIHE
TRAEFHEHBNERLE, B FEHESA 100 M TEEKRS, RRIIKEEERERR A
—fy FSM B #& FSMD 75, RITMLFER REHTA WA BEARE, IRELA 100 < 100 =
10 0007, FRIBY, BB B, M S SEORRE B R m, 2406F, RA 100 R
A, S RAEHERE 8 O HWICEERERENBAMET B EHRETE , IRERITATE
100 £00, H SRR AT LR IRALHIE X 100 MRS AR — P REP R FTE K
Wk IR EE R Y TN ZBLE MRS REMERT , ANTRBEEFE TN T,

2.3.2 Petri ™
Petri ® (Petri net){ Pet81, Rei92 TR 2 57 —Fh S B 5 T PR A AL AL , R HE R XY

AR AT H B3 RAE S TR REEEL, Petri PIHREIH ﬁ-i_(place) £ . it 4% (transition) £
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P B #5738 (token) EMI . PRiCBE TV ES, —BITB AL, BEBTE Petr ML 3h I 21K
WA,

FHIE XA FER, Petri ME— N FITTAH

<P, T,I,0,u> (2-3)

Heh P={pl, p2, =, pmiB—HAMNE, T = {t1, 2,-, m|R—HIEH,IFH P M
TRARE, TE.WAEK [: TP, EX T HEBREMAEMA WA WALE, Tk bR
O: TP, ELTHE NTIBHARNAE, FER SARGDREAREX THE
TR AN ERE LR, 55, #0% K (marking function) u : PN & X T &M B Pinid
B HS N RIERBRES
HEE 2-6 F, RATE B Petri MAEE ERR p2
MSCF HKR. EBAEXD Petri P HE 1 )

Mg (BRI EE) A Es@E 2l 2 Y P!
PR N BB TEXA BT b (R (O——C , %}

P2.p3 M pS BT 2 B T A, T

p3pS I 2 WAL E ., FRICEE « 4 Ne(PTLOY s

p1.p2.pS BHET —HRic, 44 p3 S =208

TR BEETURRS u (pl, i, O%UERS, R

P2, p3, p4, p3) = (1, 1,2, 0, Do il Qurid. wpae
40 b B BT 4R B #9, Peui MR E T u(e3)

& (firing) & M EB R PITEREN . —1 26 —A Petri MfF

FRAAEESFNER TATUREEL —HURER, ENE— T RACETELTHE—
AMFIE. Y—MNTRG R AL E P AR ICER B E , 3 B NS —A B % A B AR
BA—AR0G, BITR T B EME T . HnisERr 2-6 1, T8 2 Bl KR )E ,ARic KA
u & H(1,0,2,0,1),

Petri 22 B LA BB A EATT A RO R R ZFPRE. LA, B 2-7a B7R
R A HE (sequencing ) BB, FE X BRI TR ¢1 R 2 Fik, R 2-7Tb P REAT B
(non—deterministic)h\iﬂf‘lﬁﬁ,ﬁquj/l\ﬂiﬁﬁﬁﬁ%ﬂmfﬂﬁﬁﬁ_/l\j%ﬁiﬁo EHE
2.7 B — B ¥ (synchronization) & , — N EB HRA MR TR ANM B E AR iCe A
L% P 2-7d 4 H T 8T % R 5 4 (resource contention) BRI {7 8k, KA T B IE FK
BEPRIPALEZ PHFE—Mrid. 7EE 2-7e # , 1] L& B fnfe] g 57 5+ K # (concurrency ) B
R AT 2 f 3 AT AR R . ETIMI, B 2-7e B THANHRGHERE
B e A F R B AL TR AL B R RIRF S 2 74 i 13 TH R

Petri WA TI] L FE SR 4G 25 AN TG F S 26 5 F I RV TR, Hetni 2 2 v FTE BRI 0,
4 A-M (safeness) , FE B9 Petri FRIE TR A SHERS TR KHMRE, FXLE K
IR BB B — A RIC T EUERE /Y Petri M, 75— 7, %Ek'fi(liveness)?gm% Petri M{RUE
FOHE R R, BRI ICFEBERIE R

SR Petri MTERBERMTH A EEFHAEFSHRAY  BREASFEERLT

FSM TR R BB « R ZeBE A K &tk SRR S AT AR
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a) M b) X ) F¥

tl t2 t1 t2 t3 t4

d) BEES e) HEH
B 2-7 Petri MM ZFFFTRR

2.3.3 BRUFEZFERRSN :

Bk A HF & A PR3k A AU (hierarchical concurrent finite-state machine, HCFSM) A i | 2
FSM B E 3 B, 7 FSM B il A T Xt & & (hierarchy) Fl 3+ & (concurrency ) 89 3 %, A
BB T FSM RERUSRA 2 AL B A R B R GRS BT & A ARSI R FE RO AT BB .

5 FSM —#% ,HCFSM BRI i — A R S M—A £ B4 . HRE 5 FSM AR KR, HCF-
SM HERAS T LUt — R —HF R A, A MERLE R, WA, 8 MRESEAT
LIBEAME R A F R A, XETFREFTIITHES L RERH#TERF. FERhIBEE
AR ZEHIAL B BT DA R RS AL G, AL BT B R BE7E R — B K BB RS EL#EAT , T dE
LML BRI U R AL ENFHMREZAHAE EMNRNER KRR

— R HE S F HCFSM BRI 1E &5 & Statecharts{ Har87 ], B E T LLRIA R R
BZEEK RGBS S, Statecharts 1 TIRGHLK BT HBEEILH , HPE
— S ERB AN B S B M A RS R

Statecharts I5 5 B —MEAFKES . HiFNN—SERRAEEREZNMEBERR LRRE, A
FEESRF R X BREZEMERRI R, KR v

: >

AEIRRAER IR, 5k TR E K
T, Bk PR S, FEER
BRI IS S R AR /053

& 2-8 45 T —A~ H Statecharts &7~
HRGHPTo EXKES, RITTUE
FPRA Y MR T A HRIRES, A
DB HE SR TRE BRIC
SR, TEE B TRE EF MG 4R, A
R SRR R S, B State-
charts B R, 5 RS C FHM b B2, 28 Statechart: RRAMIFZRE

T
|
1
|
I
¥
|
|
I
|
I
I
|
1
i
|
I
1
t
|
1
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W A BHEREREB, 55—, WRRE B h#fFa &4, A BEBZIRSC, BRI
#MF P EFMRANBERISSL . £ B Bl C WS EY, 5SEBAE LNTES c BT,

BT HEZRERFF LS  HCFSM BRI HE & T RRAEREHR R K. AR, B H b
T AR A B R — A X MR R B T B B b TR MBEARL, XHEREE R
AE S5 3FF 8T A0S o (L AN AR (B 8 A M BB sOR A ) MR B . (H Il , HCFSM 3 A3& & T3¢
BRRGFEEF M, BN RFEE RN BIESE W R BES RSP EHBESIITE
BMERED ., WTFXERS, (UHEX AR REMBAL.

2.4 WEEAIRE

2.4.1 WERE

RTE S T M RS ARS B 8T RN R G, X R G RGN RS E SN FE 4
M & 4484k, X, 4 3% % B (dataflow graphs, DFG)[DeM79, Dav83, GDWL91 ] % F
THREARA, AXLERG PHELZ2EEN REMAR - HEHEMEIN K. M, DFG H&F
REFIMNREFR A RSB, ENRRR RN FRREBAWINERERENEHE
(&%) T A

EHUI UL, DFG H %5 & (node) £ f1i4 (edge) ST . TEERHE UL B A JLFP A [H 24 Y

& (output node) , LAY B 47 45 & (destination node) , B AR50 A B & i th BB, S5 2 A
KA B E 5 45 &5 (activity node) , I i3 42 45 & (process node) , B XA HE B el H B BHE /Y
&8, XRERIESN A LIgH R N — B — R RS E MRS EER-TEAR
BE, B3RS SRR R G4 E A (daa it 8
store type) , & AT PR R LR, bt e o} )2
REARE P IER, BERE DU, AR ‘ |
WX FFEH T — N EE, X DFG B K
PG BN A A B R, R X LA )
i EEARE XA S R I EE R R &g, B
AR A8 B 45 S &R AT LA FRom B 53 A ) — 1
DFG, X MR 3777 & R AL

W, DFG METE R RS, BIE X R
HEs S S B RRESS R, AR
W RRBRAESE R, BERRR N EE
AR IER IR, EE 2-9a HEH T —4

BIFo ZABIFHEORGEHBEMENER A, X ‘

A, JEEWH— WM IIES Ayl Assy

Ay se FEXNRGET, B X BESNBA Y ¥ . W
WEIA,, TEE VEBSTEA, it 8 H 3 by HAE G
g, TREE VS EE, S —

H5 A, B EREEE Y — B8 S AE
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A, BUEZRW RBA, PEMEE.

T A R X 5 5 T o 4 45 RN A S EK , B0 T B AR W LA A TS IR B8 o U, 3
FHF— T AR T B, AL ERRAEMER. i, TR FF S BIE, BE R K
PR AT UERE S EFREE, Bl s, mEEE 2 al DLRRFRR 340 X
(data dependency) , W&l 2-9b R, FEX MBI, 8BE+° 558E X 1Y M, e
Cx T SRR Z FERAES + AR IR AE SR

HAREE AR, FEARRITE S Z 0], B T FALE LA B (BB A DG 2 41, DFG S BE Rl IR Ho At
KRR ITERAEIE , T EAR &4 X T LS BREMNER . ETXEFERE, DFG AT RS5HiE
BB A RS E A S Z R R TFB . R R B, BN DRG SRR R IH#%, BrlAix
AMERIHE F TR AR R R 5. A, RO MERIER T E M BAR X Z SN RE
T3k R G I 2547 BRI 20, IR I B TEXT P ik RGeS O TR AT TR & R BE

2.4.2 HEHE

#.42 B (flowchart) [ Dav83, Sod90], #K A #x 41 & B (control-flow graph, CFG) , &—F 5
DFG 7E1F 2 5 E ERAR AR L0 T [ 7% sh R, e 1M X I7E TR E XARF . 7E DEG F3K
FAok R BRI, MERBR R P F R e A a4 k. MEEYS FSMD R, XH
HERRI T RS REE R 7 1 , T X BILE TR A ek & AL AR : FSMD o i 88 258 o A1 3
BB R A SR ik 2 1), T AR P P R RS R G — N BAATE Bh SE AU A R

— R, RN A ECHIMESHN. A3 RGES:F 1 RERLELE & (start
node) F1 4 & £ % (end node) , AT T WA B M FF 1R SRS H A5 2 KR H 4 5 (com-
putation node) , @it BR{EE ) FE 71 E OBHE B0 1550 3 55 3 28J2 & K 4% % (decision node) , I T4%
43, WREE TR RIZE R L S RES A MR A RN, BA1RY T 45 ST 86
. AEEERNE, REREHBEAEERERERESMGRE S, AEERRITES

A TS P ERRRKLS S, B 210 A TREEN T, ERARTERA

MEM $ N MF KA

MAX=MEM(J)

B 210 FHREKENFEERRN

MEEN RS E R AR R E T RESF I, REERRIH. X MRS
FHRER A E UFH3F BB TAMREFREF AR, HARNFERT BROLHEM
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KAERT , EERNGE AT LA T3 — M E M PAT Y 45 DFG FRITE SN BT & 98 A i i
FREERFEBEE ML R, U RE YRR EE T REHENHFLT A 68 A
TAEREER,

2.5 HEESHRIERE
HiFEEE

48 4+ i% 3% B (component-connectivity diagram, CCD) &— 35T a1 G54 MR, B 19H T
R RFERYHEEH ARG, DFG

SRR P 47 R L5 ) S B Jom
BMERLES, iS5 MARME, CCD

EFRBLA R ENRERXR, K cxna
FE L, T R G B MR R R A [

~CCDtiz%EiaZﬁx‘%%fﬂh‘a%i"fyﬁizo A o/ A
FR AN B9 284 (component ) , 3X 640 {4 & i@ B
SURZER ST &, I B 0 e Ho i A S F

. Bl ALU KBS 5 R T AGH Y RET R
AU AL, IR XA R R  kea BB 0 T
[, LUl SR FEL
[ CCD ftiff F% SRl R R R ———
Sit4e, B DAk AR AT DLFF Ron & F R
®, HanfEE 2-11 #, CCD fE =R R RIR]
WS Bk EFl, A & % 4E B (system
block diagram) . ¥ # & & & & B (register- w
level schematic) 1 17 & & 2 & ( gate-level
schematic), ZERGAER T, AIFAT LR R b) HEBSEBE o NER=HE

Grdg R B, 1 an AL HE B% | 77 % 2% B ASIC,
T B 33 e 2 2 2 ] A i HE R ER A B
FR K, BT E OE RO EEER REE RN EEMFENENESS. £FFH
JEEME S E R SERENTT, LN ALU S /7288 GEB S S B R, WHERE N E L
WYL B RN T E 5. 7EX MR K FEERE S, B ERES AR X,
i 1 2 T U R M L, BRI ST, T ELIX S T 22 A i i e SEBR B B 2
BAER, SR ISR R T EEEN.

T A RS AE A FER AL NGH, B H ¥ AT BN E—br B, 1t
EEHEEMER RGN LT R

2.6 WEEEFEHRE

E2-11 FEEEHEE

2.6.1 EHE-xEMHE
FIBRTRIE, BATHE T 1 LR 2 BB R 0 18 [5) 15 sh RO AL . Eﬁﬂﬁ%ﬂ‘]ﬁﬂ‘—iﬁfﬂﬁ
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ERAMXH, EERFEETNARZ NG EBIEVIEE . IRBENEREYEHTE
BRGRMBGT I, BATEXMREPEROAR L RITH M7 mAAEZ, s
BRI —FhRAR T B R PTB £ 4R — % % B (entity-relationship diagram, ERD)[Che77, Teo90], &
B RGE SR L, B RZ B ARER R

7 ERD 1, Stih R I FERR, MR RASE T ERR. i, RITMEREE
A—TEHRARRAEMEFLITHE T WHE™HXNEE. H ERD # 8% 2 /AL k.
& P (Customer) . I43K 3T # (Order) . /* & (Product) X 4% & % (Supplier) , 1A 2-12 Fiw, #Ei,
TR AKX R [E X R KPR 5 AR S HE = RN — T8, X
BESC F AR T HIAN : =T A M (Availability) 35 & BER BRI E A TN 7= & 5 % K (Request) ¥
P AT R E R R R AR ; 5 o T 4 — R R E 7 5 R E R E O A B L P
TR, ’

ELik:

2304 e

&P <¢ﬁb> T

F2-12 —AEEk - RREHF

EXFE S, N ERHE - RRHBEE A S EMEENRE. Wik
BRABHEXNFFE, LK EP7HBREY EREANE RS ML, W 53k =5
HIXBE AR EN RGN RSN, AR, 80X 2B T TR ELHE
RIS S U R TTRLF MG H T XHMER B F P EER R A A
P

Bl ERD 41 T B REM—MRFHBEERE, LG MR IE S TRRHAAL
FIBR > B R0 B 26 R AT, (BRI % E F Bl ERD #EIA GBS /R ARG AT
REB P AT
2.6.2 Jackson @

5 5h—F T 5 BB RO R Jackson B (Jackson’s diagram)[Sut88], EH & H L MAFAIL
o Sk - LR R EE TR AR A B AR E X %R, W Jackson BN & — N BUE A
BT B R R BRI 2 A TEBER MBR R F IR . i, Jackson BIRE S T —IMEH L
NFRMERICFEE, XL, Jackson BliE A THNE T HHAT 40 M HOEHE , M0 X Lo 5038 9 7
BRI EESHRICRP T ABRER S,

Jackson B P BRI W 4847 A8, TERTE @i b T8 R R A A BB R AL, 3F
T4 i 0 B R AE 18 42 4 (composition) (AND) | i% # (selection) (OR) #1 & X, (iteration)
COTEEIR EAPARAER, HEAREFETAEARMEE ST REN—FBRBHEE
B, TSR B 7 X s TR Pk B —FORAE T 1 CROBE . AR IE S &

b tal
&
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B2 5 o i R e ST ROk A R .
& 2-13 45— Jackson EBIBI T, N & & 2 £ (drawing object) B L ELAY . TEXTKEH,

& \ﬁ%ﬂ“—/\ﬁﬁ‘ﬁﬁ%& M & WKk FH
Cx TEEFRRI B AR P TR, A, B A

P AR & R, T KR E B N
HEN, ZE,EBLEBAGHRNTTEEY | 5e AR A

B:EEMSE, MARXMAAE -INFERE. F >
7, /‘\

5 ERD #EIA[E M ERD &g A TEA A e i
HE Z % R WEE, Jackson N BGE A T HEA »/‘5\
BEHERESSHREYE . ERBNZIERR, e RE i
XA f1 J PR E,RD TRZEM, A BEHE A 213 Jackson
AR EEH S FIT N
2.7 RigEH

2.7.1 #=H/4ETE

I %) /3% 3% % B (control /data flow graph, CDFG){0G86, LG88 12 —F R, 4548 1
FFLE CFG FI¥EE R DFG MR A E A, ¥, CDFG BE &8 T Rn G sh Z
BRI DFG, U&7 %7 DFG BB 2 R 8 CFG, B, CDFG &I LITE— R AR H
BE AT L 5 3 R R AR 6, XUAT A B R RR R G AR o

& 2-14b B & 2-14a HHRFEF K CDFG F£R. MIZERBFIES PTHRER S8,
11 case /4], BrBLET AR T B HI T 4SS A, R WM 2 ] R RUE B A R A L T DFG. R
{HB TR, CFG # DFG R ERER , X £/~ DFG FHB-ME s CFG i d-1~45
HAE, —BEHHEBITENS S REPUT S HARCEKTE S

9RTH ,CDFG # AR FERBEFRHES PR fwE MREE R, MR, ERsH
FEREAERWTMEZESMEHGRN, FEOEATEHRENBIT. #l0, XK
[WMB85 ] 4R H BAE R B By DFG fil b CFG R, Hk CFG FAARBIERIR R, XK
Gieh , CFG 1T LI o7 4 B0 R A 038 44, th VT L@ 5 72 AR 1 14T o R 3 1 DFG B30T, Hhaniid
A AT 45— TGS 4k — 1 T Bl

1EE 2-15 B, RATBH T —MiEFHEE] CDFG BF T RI\X MR, 5 CFG A TRE
Sy I H A B R A, WES A, 71 A, BT, REHEARS S)o H—TH, 5 CFG
WFRE S, HEFHEME W=10 &4, WES A, BiEIE, TE3h A; BT, RERSIHH
S,. BUE, YRGATRE S, M HEMHLEE IATES A, T A; Bk, RGLERAR
% Spo W.X.Y H1Z FR DFG FER M EA1E 30 Z [0 KRB

CDFG W BRI AT EM#E T DFG A ERREEH AR, Wl T CFG
FEEFTREBUEALEX AR . B2, EiEPRE HEwRENEATFEARKRTHSUE,
Fe AN i st R4 F ASIC[ GDWLI 1BIFT HER B -

2.7.2 Z5¥aE
1 Yourdon i Constantine 4 4 ) £ #3 B (structure chart ) & [YCI8 1 B —Fh R
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case Cis
when 1 => X:=X+2;
A:=X+5,
when2 => A =X+3;
when others  => A:=X+W;
end case;
a) BFRB

______________

g g

b) CDFG

B 2-14 #=H/BERE

T, ER
e —— Ho e
o =
| 1
i | afahabudiesidiendadiasineibadhand
- - ]
E él F ok / BAT A1, AT A, ;
= | R
g ° LB
I ":l r—-———-
b W=10/ fE1EA,, JATF A, '
i ;
| ° Lo__ B
| 1
i Fom e -
1 BHE
L o e e e e e e e e e — ———— — ———————

A 2-15 &34 CDFG
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B, FFER—AFRP i RERERE SehfEfvin. EARS TEBNR S, XM
X FRFP I E R EERA

sEMEE RS SEMDEHAR, SEERED, AERBFRINES PHIERASH
EHCA R . B AR TIES PSR 38 . WS S AR B BT HS Rl R S SR Rl A
B, 354 & (branch) . #% 4 (iteration) Fl-F #2 5> A (subroutine call)

BT 2R %, RGP FTA B9IE ShER FRAETE 2R , X 2635 3 P 38 B AR 5 19
LR, SEHE—EAINERESZANSEEAA, AZEASERZXEW HEHE
WMFEREREGH

& 2-16 REMEK— T % T 1% s BIUF, B Main B S5 TR AIBER Get RIRTBEL
B A FB, Get VA Get _ A Ml Get _Bo $RJG R Main H 5 A FIBHEB 1R F L HRE
e, TS SRt N S AR B S e i, S Z P8 Change _ A% A f53%%| A, BE WA Change _ B
Wi B IEEBIB . MM G Transform 3818 A’ B'JG , Bk Main $25H X S8
5] Compute, T K28 I A~ TB P B : Loopl Ml Loop2, MIXSHIRSER T & AMIES S,
Compute BB EIE C F D & B AEB Main, # T Main ¥ 58038 C %45 Out _ C,

= Main
o— X c
A,B
AB T 1 A'B’ O\
0/ Ah o\‘\\OC,D
Get Transform Compute Out_C
A 0{3\
Ao/ \)B r)) J ‘\)
A' B
Get_A Get_ B Change_A || Change_B Loopl Loop2

o O

E2-16 —ASHENETF

W CDFG w1 5, 45 40 R BE 7T LA 35 4 B T AR R R B o (AR, NI
B EHE IR A Z LU BT . i, RATARAGE Get _ A il Get _ B B AT B9
FF , S AR BT IO 2 Pl R A S MR 29K I 53— T T, S50 B PT AR BE IR 2Z ) 4
¥ EARATEEA LR, BT e UAEEFRE ERRPIT R , Bt £
ERTRIDRFRFNIE6 B

2.7.3 BEEITHESER

S&EME—FE 42 4% #HE F (programming language) AT LAYE 9 32 Hr 5088 . 1 sh A 1
B R HR SEMERRME, BFERIHES EANEXARAEATAZEE
i

B HES A FR EEAIH . 44 X 3% T (imperative language) Fll # ¥ X35 7 (declar-
ative language) . 2 RIEH HHR C Al Pascal XEEMIES , B RASITR R R SR,
o 1 ) 4 BRAR P OB AT 04T . T LISP #1 PROLOG B TAMIXER, B e
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W TR R E AW T BRI P TR, SRR ESHEEXJET . FHR
B BA RS B PATIUY , TR & E T AR s A B AR SGTHE R B AR,

TEREE BT H , 581 F Jackson B, 4 XBRFRITHE S WiBH T EMBEEW, 015,
AABBER MBRIALR; 48R EY, MPHMICFE, BFRIHES@ETE 9 kXN
RYI6 sh AR, TR KBNS 3h@ o R e R, R B FEE N X R RE R RN —
L . XERFRITHE SRS ERSHIEANE TESIRATIRT , B S MR, #H
S EIER A A CF T 5PRIR) .2 2 (if Fl case 184 ) (4% 2% (while. for 1 repeat) LA & F &
FiRA

FRMLSXBFRINET VRS ETERE S TIHTE S F S MIT AR, 75X
1 H— e ) R385 Bk 33 R R R, EL N FR AT AR B — N B B & B AT HE
FFo

—WEFRITES , LR 8 4308 A4 8 #2 (communicating sequential process, CSP) [ Hoa78,
Hoa85] . ADA #1 VHDL, &8 T 3Z#H R PTT R BRI . XEEFHEAARKEFEILE.
TE CSP 1, 3 & e 2 2 6] )T {5 R ) 7 B 4% # (message passing) H 2., BIEMN — N #HBEZL il
FHEEAES . 7 ADA ¥, 3 ZE5B{ERFI Y 2 (rendezvous) TR L, BME
FB/BAERNFS S LGB HAEHFERNFE. 8,7 VADL FHRARZ MBEEY (4]
3 ¥ A % (shared memory) 3L 3, B R WX £ R fE 5 TR B #1E,

BRBFRINETIEFE AW RE MBS TGS H vl e, (B R KB K REE T3+
BE BRAXMRERESEE, N TFRARREHEERZ T AFREE,

2.7.4 HEREIMNREER

& %) 2+ £ 49 2 A (object-oriented model ) [ Boo91 142 Hi 1 7] S8 AL RY & B T 3K, & BIRF AR
BHETHERLEE R —H5T £ (object) o X FXAEERY, FNXTR R H—4HH 3 (data) F1I—H
A H MR 9 B (operation) LAY . 7E 3475 T , T 191 et 42 A RS ZR0 AR 448 e S5 Ak 4L R B SE Y R
%, Bl HEN RS HE Y & H —41E SUITAURIE , SOH AT LU o5 SR SR A S
PATEEAEH , K2 B SRR B0 45 .

T T i R LA AR R B RS . B S, B R B H R e Xt R P 3
BEEENFH AL 8 A 0] W3k X354 38 4 £ (data abstraction) 5%, # 1% & I& # (information
hiding) o X/ A B M — 13 A BB H A X & P A BURRE, BT L AER )G 1R
%, HNHTER, — At GRS MBI R P AR B2 4h, Eimxt
SRR R RE B I — i [ SR 10 07 2 27 9 & (concurrency) , B AR — X R EBRAE K
R RIS BRI BB T AT N S X SRR 7, IR R E AT T
FHA RIEF

7 2-17 B, RATAT LB R, B T EHX R U, REREME— i, T E X pEnt
AL R GEAT N AN F EBTBE, X ErF BN BE B B B , AR 50 SOk IR X %
BT BT B T B

RS, BANEOERAASRE, R, RERTEGHSRAN FEER LR E
B R G B, SX AT AT R R 0 A BE , B AR T b 75— S0 ] LA J2 65 7R X S S e ) LA A
",
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Xt % X% ok

Bk i b€

Bt Bk Bt
HERES

B 2-17 HWARXRAFEL R RS

2.7.5 BEFREHN

#2 5 K B P (program-state machine, PSM)[GVN94, VNGI1 1 &5 —Fh R, B4 48
T HCFSM figFiRitiE s i, X MERIEA il B RAEKIA 5 K & (program-state) A%,
Hp G M BFREFR—MITERMAFOEE, fEEMA MR e, RERFRESH—1
FHEATFTHEERRE, i, PATENHIHT LS

EX—EAMRREH T REAEABFRENEFANFRFRES. L4BFRET
DA —25 G il A R A BB R A MRF RS, REH RN, B2 RERFRELAT
HERCRA, MR A P FREGERERORE . WRBMWFE, W 48P RE&E KK, #
FFRERRER—K. HFSBROERTRESEE —HEBI, BENRRXERF FIRENH
WIBF AR, —HEFEEMAMFTERIN, 55 1 F, £ & 8 i H IK (transition-on-completion arc,
TOC), R A YFEEF FRE5EM T BB TAE L RAIK M IR R4 B MR, B4 #7 TR
% 2 Fh, 5 B i 43K (transition-immediately arc, T1), TSt B ZIN K &4 B oL 58 0] DL FT
T8, MALEBEREF FREETZR TIHE. EEREREHHERRE, Bt TEFRE,E
KRR B PR HE S iIB TR

YRR FREYERIE , RGN — DL ERER A R R N ER T, ML R F
REERBHRARELFE, BFFREZENHFEXRHBLEER. TBRHAFEH LR
N BIFRSH=AEER, A MEFREM TR —FEH 2R EHTBICRER, TR E
F— RS F RN REER, TOCIELR THEFRETH/NFE, W TIIRUESLK T
BFREMHBRA.

B 2-18 A T — M RFERESVMEF, EHBRE Y AR, T Y x5 XEHBENIHET
RE A MD W, RE A BEBEMUFFREB MC, BRETRAL TRE D WERF,
HRMNIZEEZRE B.C D HEHTFRE., BE LEHHWERFS, RITTLUEBIR
A el Ml 3 MR TOC IR, MithA 2 IR TIIK. IMKELE FTRERRE 2RS B 45K M
H&M el ML, EHEBERE Co AW, WREM 2 RS C PELH, AT C £
BRBB B ERERIRE B

B F PSM ] LA ZE 88— B R R AR B 3, FTLAE K HCFSM BB & T
XHHpLeE B ABAEMIE S B 5GP RSMXMIE RE B, PSM iE Al LLSE R P&
HESWR AR, BR e ERERARE. EAFRITEERHBRIRE BT R
REG, BRI ARSI E, BFRHESBREM HCFSM #2812 PSM ALY
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A 4

( Y variable A:array[1..20]of integer N\
A 4
(A ) ' N
variable i,max:integer;
B
»
max=0,
i for i=1t020do
ell le2 H If(A[i]>max)then
i max=A[i]’;
end if}
: i end for
ICI] ;
g ek Y,
\_ \/ J

A 2-18 BEFRSWETF

WA R T LB R A — - PR B E1E 5 %M PSM B HCFSM 7T LB
& PSM R P BT A 1 RSB AZTHIEF S

2.7.6 BAFIER

PSR (queucing model) [ GIf78] 5 B AT AT T 4R BI ORI A — B R Rl 2 AL , B 7 F 9
SRR R F RS 1 , TBA B B F T AP R0 . HoAnit, HRATERE R Kb
REVER IR SR, LA LU FI A SRR,

P RE AN Z R ETEE R AR BRRAT] gy WIREE
(queve) B4 2 (server) M1 — W% . BlktgdR e A% @ .
HAEBAB 2 A 5 IR 4 S0 Ab R, 760 2-19a 1 b 94
B AN P PN P I D

BB B 12 B TR B T 3 F AR 3 S R
HUEGREAF OB, LR, DRRIAERES
ST (GRS BB H A BB BBk AR
TR 2 6D o A 2 — R 6 5 4 o D 98 4
A ST T LS T R 25 B 5 0., 4R T 3 (IR 5 5 S
Bt o L 1) < BA B B (BB 25 0 -2 7 R B ) A
R (A ROE I R B ) %, AT AT LRI
S A0 {2 . R B R O B210 BSIME

R B B, R 7D R 7 A 2 T B M 4
SRR | L i L S BRI — A SRR, A |
A T 2 R T AR T T B O B 2B, A — S JLF KT A B
BB

Wk T AT B T B PSRRI, b T B TR E R S0
kBT RRER A TS, H A , 06 5100 A e 4 Bk o 7R 22 8D O e 60, €2

a) B — R

OO0

b) EARER



[47]

48]

26 £2%

MBS MR TEEMIRS A, FIE Y0 O BE LS B 8 S0 X M i R A 2Y 2 AT RERY , IE
A AN T o A Bk F sF () R AR 45 Bt AR R R AR B A i o ERX BT B, A SRF IR A
HE]EIBR R A, T B ARSBHELR g, 2 A > g, BEAT LABIA — AN EEE A BA S , B R B AT Aok
BB RKEZHTERENTBEME, R, 4 A<y, RIS ARE, Mﬁ'ﬁ“‘%ﬁdﬁﬁ&ﬁ@%ﬁﬁ
], RETASE[GIM78, Laz84]H KT AT B —2 I BT EIR

2.8 BERGEHIE

HETHIE, RATE L EB T & FEE N1 R R G R ThREYE B0k ERImaim . XEE
A GBVE MR R B R 25, B IR R G LR R A SE RN . AR R G5 A AR
ERGARA M B B A RIS RIALX 2 R G R R R4 (4 2Z 18] BT AR R AL

1k 2R 454 (0 7 BT BT LA R B 4 S 28 — LRSI IT AL RS . AR RAE SRR,
KRR LEM R BT LA LA AR5, BI (1) & A 4k % 2 # (application-specific architec-
ture) , {1 DSP &4t ; (2)i% Jf 4 #2 3 (general-purpose processor) , 4l RISC; (3) 747 £ 2 & (paral-
lel processor) , 1 SIMD #LFI MIMD #l. :

2.9 ETHEREH

2.9.1 EHBEREN
BfE BT bk RES IR BRI AR, B EEEI 2.3.1 WHBEIMALITA<S, I, O,

£, >N FRRAHER e 2-20 B,

Bl A FERNEAHSERAR. X FES, E@

BEMK S FAE, AR S PRARS, R4 ]

AR SRR kA SR R, IR f o o

k. WAFHENERHES RO & XWHERE R my |

L _ J T
WETATR , FETEE BRI R R 26T B3 bl 28, AT R

HTFTHORMETRAN, XERHBAHARZL M 220 @M FSMIER

EFENTRIE R RS h . M TRETFEBRERNSE, L BEXA—TSXI>0 8
B R RS B RPN SEAE X, R AFAEBHEA, MH—FE, X FETR
ASHEEHRIEE, h BUE N SO BT, X ERE i BB KRBT — 12

B, B HMARSHEEM/RES, T FXBEREL, XM RGRE S TRIPLA
EEERBEERAESH . BHBSAAERERML. R TR R/ME, LR X RS E
BOFN PR RS B R

2.9.2 BimERKREN

BB REWATILEEEARNEIRES FEERTEETHE R AT, ki
BAE 5 15 5 & #2 (digital signal processing ,DSP)/%?EEFFET&%#E‘YK P 15 A FE 0 A0 50 e
g BOEERAR RS R BB I AR BT R, T B ST B K B R AR KRB
ARFKXBIEHELE,

7EE 2-21 1, BATAT LB BIFAS AR B BEE B , 4 51 A F 35 B0 BR Bk b iy Bz ( finite-im-
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pulse-response) B 25 (FIR) , B FEEERE Lo

y(i) = 2 x(i - k)b(k)

k=0

x() B0)  x(-1) b(1) x(i-2) B2) x(i-3) b3)

H I S I R I
. I D I D

X(@) bO) x(i-1) (1)  x(i-2) b(2) x(i-3) b3)

| = * *

U =

b) W& MK
B 2-21 FIR 8 a5 MBI RN A [R50 B

Hi N ET 4, MZERE 2-21a PRIEER I RMLRT A KFRERAE, H LB
KA FRBUFFTAI . B 2-21b B B8 B AR R L BTk 44, FR A R B R 2 Ja X
FABTURFHEIN . Boh, EBE 2-21a FHEIRERSA 3 KUK, BLHABK Y ; WE
221 BB A 4 FHLIOTK. BRXP NI EEEMA 4 MRESA 3 Mk
#x , {ER I 2-21b PEHLERE AN, T E A ASIC EAEE S LK.

FEXFARGEW T, RER BTSN RERETE 5K HBTLR (A 221 PHR),
MATERGIER, B EE R R\ — D Booim T — 87, 3 B Bh R sk
WIS R, A URR, TEROATHEABUENTEER T, EXMELT . TESR
1] BP9 1 2 R 4 R SR AR BT AN A A7 R (BT RO A& 4 , 3 ELZ O AR L7 A [|] i [ 14T A [ R 4
MBSO B S BRI REE R, H—FEER, N TR BIEERTREIAEL T — AR
Bk, FHENEEREARN BT, EXFHELT , B E N E R E— MR 8RR
RS BT, BT RN TS 3R BRSO FE I 35 R R e S T LA &
4533 o

— ROk UL, SR BB R R G W ASIC SCBl. — MU B RORRER 7 SR (8 A th B 10
DSP 4bFEA% , HBHEE Bt — N RIE S I — 1 RIS AL, XFh DSP 4L B3 E %A — R
B0, NS EWA A/D M D/A F#ds, R, Bl THESHEEE&FENELK,
B AR A MDA R B8 AT LA R 04T , AT A BB i E kR, RS0 T , EdF
IS LF 9 ROM RBATIRHEIL BREK, b a5 48 BL M- A B BT 380

|
|
1
|
I
)
I
|
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2.9.3 WEIEERNERKSN

YR 18 780 A PR A AU (finite-state machine with datapath ,FSMD)&—Ff£Z5& T FSM
P2 R E MR R A, B E 2-22 FHTER TR . [EREEERREICES— K
AT HEBHMANAGESR, R FRRAERHE MG 2, REBREFOLTHEETE
ALU ik ss B8 A (R F T FEMEES) 55, LU A T X e A TR (9 45 14 19 i
FERFELL, P EOHHEARBIEERNKSES, S T 6 508 M b A sh e
A GRERAES . BIERKHATS B EEEE— RIS, RO E
FPit B A A EE LD S AR A SR B

B B A

| I |
| |
E REFEE | |
i ! t :ﬁﬁ

]
! A& | | .
! R | B
1 |
! | LY |
EeeE _

BRI

& 2-22 # M FSMD HEE

YE R —A 8 A R 5549 , FSMD FIFARA ASIC #it, iR FSM #1281 DSP %8
R X ik BTN R . R4k, FSMD iF 258 FAL R 88 O R AR R 8540 , R A A4
REFRESRR T BIB IR FAE B RS 2 Ah , B A FE — 15 i B T AN B 8 B o

2.10 AIEsE

2.10.1 EFESEITEN

FF & B % 3544+ H U (complex-instruction-set computer, CISC) R REME FENH
BN T B SRR SN E , B S BETRENNFIIRAR AR &R/IME. &
XA B RAE R, BN S0 B A SR EEE . JF &k CISC K R RE
L RIFR G, LB SEPFUS TEUTRFPRINESEHNERES. XHE
Zefg S TP IRIHE S IVLEHE S ZIRIRIE X5, T B T ik ds g

HT XFFE 4%, CISC BH A — R R BHHE R, AR — MR FEHl 8, 4
B 2-23 PR, %3 H 8% X — M RAR A WA — R A 08 (MicroPC) Fli sk bk i #3847
WL, EMBEFNEFHE - FHRER—NERF B8 T — AN ITA 2R
BHEHE SHE, XMBEREBFHFIOE - ER NI ERERKRE, FImER
LU PR e s R k#E ALU PR —MRIE, Hh, B ERRE S H b — R I B H
FHM. SN AEPRH XN —&IESH, B RIETRERSFA 3T KRGk ERTH
FEARHE U R B E A2 A A A AL 9B B F IS Rt b bt . 3B BGE 1R kA MicroPC
HE , BEMRAR A R A R BB T, 3E A B AEBUEE R T B N — A AR L
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B — A Ara8 . B0 MicroPC i itk H 558 38 R 45 0] T —MEHIF, B3 F/F 50
BIMEHFHREER B X PR, &A, SPITTRE N ER TR, BN A A PR —%&
FHIES B IR EE T,

, -

! _— e

| wwE L BB

i B [Eraus]
1

! 1

] 1

! WEFITRE !

1 I

] I

I i

! i ] &5

! #i2E :

| ]

: e e

 mppy | MYREE |~

223 HMEBEFEHK CISC

B AT, R T RRCR LU B R BB B X T e — S BT LR AN RK. Hi, &
CISC HRMESE BLFE & WK ERAE . 5350, B ARXT B8 RO TR Py AP 2 e B — 1 bL b B ] 22
KEgm e E . PR HE 4 WK R B B o ) S0 2 R ST R P B 0 B2 2% 14, I Il CISC 4
FREHX T RBAL SRR A KE R

BAR CISC ARG T LLPAT AR R 298 &, (HEB AT RS BIERY - B K

A ERRIE B, T H RS A > BUR St SRR, St Rt R, KA

e SRLEERAERSHA A, SBEREASFHRONEEREFHES ST E
AR 2484 2 BIFEFERU/INRTE X225, LA RO 12 17 45 # B S5 ) 3B 1 B2 2% 48 4 B BT TR i )
A8, BT XA BT, B 24484 7F CISC A RZ5 M L IL 4 i%as PR A BE A, Rttt
MR T CISC IRk REEMBISEATE.

NEMERIRRE THRAEENERESEFRBEERAMERELSEN TREGTRE K
PREALER, A, BERESEMHE CISC RREWHRARFZNNER S KT, £F
XA EA, CISC fk R 458 F — 7 E Bk K RISC R REHMBTEN.

2.10.2 HEEESHEITEN

ST T CISC ik R 54, # 14 35 4~ % 1 B ML (reduced-instruction-set computer, RISC) {& £
GEFE AL AT LR BB A i b A, B8 2 B R, A BB 48 2 W Rk B4k
N 2-24 PR, RISC AL S48 B BORE BB % h — N R F 8 U — 1 ALU . —1
KR FFRART I LEN, BACES TEFHE IS WRERMER, @i load 1§
AP BRI B FAEAS S0 B 3T store TR HIM A F . XA FHFHR K, fAFSH load
1 store T84 M BRIV, 34 RISC AT —KIELET, A EEE L RBI RS F A4S
¥, RIEWZKIE S LI N F F B AP IERRAE WRIER. =2, RISC T mMHHHE
Z— HHE ALU hHUTHIE e, AN MBS 4 BEE/BEE., MEEE M ECH
PAETAUL 5 IR =4 B0 A, X 3R Bk & 18 2 WK &R T MRS/ B R, AN FE R B

| 53]
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DFIEMRUERER T A = AREZ S,
FAIFE S EE 2, W 9 BTA B8R 1R8O

RIBA RSt R, B AR RE °] AR A B i
BERIRTT . A, AN BREEPIT—1T
BRI EA 45 S BT = rH40 A,
IR I 325 ) BTl AT LA AR FT B8R, i L AT DA A
FEALZ A RS EHR L, B,
RISC s il 44 8 B i fT AL S 30 T 17 4
RIET SR , H B AGAF T & B RE

SR, D% 4E IR, RISC R R | __ BEET
ORI E-3 E i B2 Bl 224 EEPEESIE RISC
Feanif, RISC Wit R &4 MLt &4
BRI AE T84 T KER X sR B R & 4 1325 T3 (E 7 4 H AR S ME S , B AT LA I i JE 45
S A XHE ST ERHEF . W HM T4 B X —F L, RISC HiFHHES
FTE—FRIIM RISCIE S R TERE Z4RBE, MR, BRX L AFTEE IR RNHFLN,H
RENF 4 %ﬁﬁﬁ*&t%iﬁﬁﬂé;&mﬂm&@ﬁm

BE, RN ZEEIH TREAELRES RISCEFAEETELE 20% 2 30% WREF
Spa %ﬁ'ﬁ,!ﬁﬂa‘&ﬂa*ﬁ"ﬁEKJ%“A%Tuﬁi@%ﬁ%é&&ﬁ%ﬂiﬁﬁlﬁjﬁwhﬁm,F)fuﬁé@%%ﬁ
FRRBERRBEN. WAL, hTFX R A E A NH4S 4, RISC A EESEHE AR CISC
AOERZEY R A A, AR E T A

2.10.3 ER#
%) & ML (vector machine) & J&F 20 th42 70 L H, B A T?%ET%?%”&E@XT:P% HRE

THERFTR, XHER N 802 R/ MEA AT

HE, R E A E A 2R R R s A X Ar
ERFFEREIN 52—, B 1 % |

WV Z TSR LA FERBEAR BT,

TEXBER— BB , N7 B S TR B l e ‘ ‘ ok l
2R, , T 7 A B o ) AR 2 ] — M ik 3

RFEB, RS2, JRH— D aRRIFRTF
By, B HEHGEFABPELNE
ERFKE (R A5 L) BITBARB S, & _
AR S HR P 1 R A R A, O B ekt Rt
B— " BEER, IEmE 2-25 fiw, mE
Rl e 47 & 4 4 B U R RIBH K
EAEET, R FE
RN EE R AR AERB ALY erx s
e BB, DU LR BE R AR 1R RTTER AT

E 225 mEl



R SK R 31

MERE, BEUSH AR RN T BT RS I, X ERE m BYFE— &%
PR BB LS & B8 BRI ) &L A TR E i — 1830 A
SRR PR B, AP S EERERTURBRSH L RENBFE,
WA, BATRRZE BITEAL BAR BRAE A0 B IR MAR 5 | B AR BT, BLA M R A&
BT TR

2.10.4 BKIESFITEN

A K 454 F i H M (very-long-instruction-word computer, VLIW ) i 13 75 338 38 2% ¥
ZA IR TTRKBLIF A M, F BT R TR T ERAE — O3 T 4 R — 8 Bl
HRIMIT —A VLIW 1500 TR IRERITTEA — DX LR, 3F H VLIW #8414
WAAR B T IR B B ERE RN sk A R R D RE BT E AT IR, B, — A VLIW #5438
HIREK, BATERE N INERETHILFEE T KRS,

TR 2-26 1, FATAT LR Bl —4> VLIW $38:8
BRI, B B AT RE B ST R : M ALU R we
MBS, — NS R — . AT H
FFRA X A S RE 80T, XA Fh R8s R
16 ¥4 A -8 M s o 1, T 0 Sh BB B o iR (R AE
;4 MaAND, A TAAE NI RER TR RIS R
BAE 4 NMaA A0, T AR EAEE. 3
EEFE - MEEBNASESER BRIRE VLIW
PATHIRISE U7 R, XMES VLIW f£8
A A P9 AT LASAAT IO N7 R AR S, RATTAT BB
BRI 2-26 HHY VLIW Br2 M HEREN Z R RSB £ — B TR 23S0 4 15, (HRE
SEhref, KR AR EFAE T M BT RBHE R ER. Bk, A KEIRERTT
B VLIW RE TR ST 2 A, RINNAFTEREHBENRARITE NERELERFR
TSR, S EhE I E M PBUE 8 MREFGFIFA 4 NS R MSNEBE TS
FREUE 4 METESCRIE N T AR R Z A, BREMZERS, B A S g R 0577
AIFRERURREEERE T NS AEFHATE, AX —HEERXHAR S BB X
AR, VLIW SR #E RN EERBE A HERET R4S,

Ba, RO E B EEEB AR BERYE, W VLIW KR EH, F—, S]]
e T —1 8 Bl 16 3 1 AT 1788 UIFRT , AR 4 — BRI B T XM E R E I, X B3 77
BRI B EESPRE T, £, FHN VLIW NBEFIEEFHESHTERRN

GEEHR, AL ERGHEERERBROERITEEAR. 82, XMENTA VLIV R
S5 At RISC ARG Z U B IRIA

2.11 HITHES

TEFH AT 4 BB, RATAT LU AT TR 2 4L 38 8200 (PE) R A EAT
W AT . EXFEBMN A REH S, BB BT REEE A C R F A
FEE AR BB R . FFATAL B A PR SR 2 R0 43 12 SIMD 4 22 3 (B 45 U & BRI ) Ml

FARXH

226  VLIW ¥U8 I B2

[ 55]
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MIMD 4 2 (£ LS HMEBLEIEN) -

FE SIMD 4bBRER Gl 5 Y % ) 4 22 33 ) v, BT A A4 b 38 B0 ST 3% B — A Bl 20 O AL ISR 04T
Fl—4&164 ., N THXEELSEBRIFELEATRERH CAIPIT, RITEEEH -1
BeREkes. BEELT,EIGESHERCHE - EAES L XMEREE T
BEBRRE N TEEEPITBENELSREGMELRS, XHHERT, FAMEBISTEBIEME
BB Th, e YT BEEREESEITER. mANMRFE, BB STTAT L HEME
IR 4R HEATEAR .

5 AL 28 1 B R AR AU R AR B A & T AR ] DA B AR B B B AE TR A% B 338, Eedn
B AL R AT | B — N EER AT LA R T ) 4% B TE 1948 R 0 T EL N R ] TR, B D ek
WIZE T LA n X n BEOK M. N ETA KA B n AT H R B9 38 4 I, BT AZESE
TERET) AL FRES i AR S R B R ACIBR T . SR, X A AL b A B B i 4R
TR BT A5 R R HE , A BRI BRAE A s R R B BB T A AL E
TS, HTFXMER ,GEMN =AIRER B BREX RS E— N A B EIR

e LT AL B

A YA S B RS FIRE S AL BB R TGS MU AR DT B B, RS AL BE B A 2 &) T @ 0t
HESF4HEMN, B, TR S G PR R RSB, BTUARRMZE e M4EE8
Fit8HL.

MIMD &b #4887 MK F 2L 2 B & % (mul- EEEE
tiprocessor system ), Bl SIMD WA F2Z 47 F [ [
EMELEETEIT A KSR, EXM | HRR%

AR R EEM P, A B BE AT A AL FE AR 1T [ |

BTER, HLET LA Pl AL BB AL S AR AR | Memo | [ Mem |

O, kR AR 227 REIR—FEE a) HERE

FIFSESHUE, B LB T AN B4 EE o - -

RGP HAA TS HITEG. BEXFRA

% 47 £ % % (shared-memory multiprocessor) #, I Pmlc'o J [ PrT'l J ...

B ROALFRERARE AT N B0 X N %5 0 A B M | om0 | | Mem 1 |

BiEEI - MBENE L XRERES N EHE
BATLIA S PP 0 EHRR TR 11— L —

B—HE,EHEERE S LEE R K (message

passing multiprocessor) ¥ , B M SR E AT H

A E f— K B M 7, 3 H LA BB R B 227 FREBEFEH

WA ELE g ) A AL B A R A B E . HHENFF

RN EEMELRERBEER, BV EFHHAT/MIEEEGERRE, L—1 8T, X

b, U B R B S A A S 2 oA E M AR AR T B A TEE T

EABAEFHORNE . B FREEERNOAFR, R H— L2 N7 R BB M 48 2 it —

MNEBERE RN ERMEERE, &5, MZEEISAHEBRREENS THE, BAEN

b) B fEi

© 1ZEEB=1609.344 K,



BAULRR L 33

AR B4R, TR E S8, BMESF ML AT, T B IRA LE, EEF TR
ARHTRIEA . G, SALESEREFRRE BRI AR TS F TR
T LR AL 2 4R T O TR B

2.12 &it

AEINE THTFERRRENARFERE L AT ELRRREH AR FREE RSN,
A RERE BRI TRITERBEZERERN, HoAX— S BN BE Birst 2@
R R G5 PR AL — A B R SE R R R R T BRI R G BE. EANEENE A
T ) B R R B SR A R G AN R O T ——HORAS A 3 BR R R . A T X AT RY
KA RITE®RFE - MRS TRAMBOGTNREN BN EENF S, EEXREER, M
B, B AT — A 15 5 AR © B R R PR R R, BT A E i E & T —
A F L RRSEEN. RMARKE, REMR R AMEFTEW I A REEMRS T
RARBATROBR . MRPOX - RN R AT = A7, RATBIR I 2% B PR RE S5 R
VAR SR TT 5 o

2.13 %3]

1. FRAIAT LME A FEES — D REEMSAL, LIRSV RER B B:%. tHEX T3
RAFGE A I SEA.
(a) — P10 1B LS,
(b) HBIEREL;
(¢) — P FHE—HEFH P EHED:;
(d) REEHIEE;
(e) FEAFHEEENL;
(f) FBUSAL B HE F P
. By FSM AT 2 FE i FSM ks 247
. T )Xo SRR 5 T ) SR T ) T SR I X R AT A7
CFIRFHER SEWEMTE AR AL FRRBRERESRE 2-16 HHMEHRE,
. 5t RISC #1 CISC & R &5 H 5 S .
BRSNS RN R SRR
. A ULEAYE AT B FSMD A R LM FEN S MEREH
. UtHE M E AR REMHARZ 4.
. BRETKS R EBTUKER F5 4 BRI RIR KR MR R A7
10. FHE B MR E B IBARGRE,
11. R FISC B 5 BE R 45 i () L BB IURAT A7

\OOO\IO\UI-&UJI\J






FBIE ARUEHRIBES

FERTEEY S+, RINELTH T ITAARMSREDRER . d8fE X — 1AL
HIThREE. AT, MEUEEL FHEE, RNFTEEHAREHMRIES, U—-FR&ERIE
HORMPOX R, A Z0H BB AR (5] 5 — S SE R, FE5 IR AT A D — Ak
FHERE TR S . Ah, BATERAFHISCEILE G TR AR RGBT

BEo
3.1 58

— N RGE A UEAR A — DN AR MR R G HTHR, B —R5EA AR E®M, Fiwm,
1EE 8 A (logic leve )R MR G , RiTE AT A AR EEMA TRBERARENEMN, fERS
—Fhik 4%, 7E & % 484 A (system-component level) 1, 113 7] AR5 AT AR 45 14 4035 0 488
R, T {8 B #8 4 3% i£ 35 & (hardware description language, HDL ) R fi ik R 6t P & — H A M T 6k
. XE—NRGEHGERRERITUREZEHOES AFRRPIT—EHRSENLESE. B
J& , 7E#E A B (conceptual level) HIIER T , BB AR RIE RGEHF M R AR - TEH R
fetE, MBS Bk, B BEEE M B RET (WKE) , SRR — 1 H7™ M
RITHEEYE, AT ,BEE YO RELBMEREL, ENEEERRA—MFN T EZRRELEH
BESALR T s B — A iR, T BT E L —FF T A7 & S #i£ 38 F (executable specification
language) ITE R R RGOS . XA IATHIE T DIVLER Pl BRI T R R G/
hRedE,

KR BEAE U TFTILMLE, &%, BT R AT A RIE RGBT AR
HRIEFE, EEGEHFED,ZiHEMNARBSHRFHN, MEIERAFRRIHgTEL%
B — R R GRS A ST (— BRI E SR ITRANERE) . HiK, REHRGE
ERGES TREMRA . EIFASETE, BRI RENITI, XARKHE B
H. B, XA —RRHER T LR A — A2 A R S0, i E AR RGHUA T aEHE
B, BJE, THATRGHRTTE N — MRF FREE, A E R ERR AP A TR ZE
SERIRIHE B HcH ., FAXMTERANEDR B SUFHNREHM, MiXLAMEFEHA
R &~ TR G R — 2 5 R AR RAH R R /M.

%2 8, N THMES EHRFRIRBNRSE, RIINEB T —LF ARSER, HXTX
SR SR R BRI —FERIES N RS BRITETLELR/ DG HRR RS
MRS, BN, BRATBE S VR P E X RSN, C++ BFHE ST TR &
HAZERIES . B, MERNE BIRE#R— B RS R EHE RRSVRR,
Statecharts & 7 M 7] BB 58 9 32 R A ¥R [ Har87 ]

B R [ A R 20 LA AN R B A, (A — T 48 B R B S A RE R B D HE A TR
MR EANEERBTERBREX MR FITA MR, N TRAKME
HEHRS TS NIES , RINEEEM SRR ES SRS, 8 — X — i
P
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AT RAITE N RS R ) — BB R R. RE, MH MR R AR
4, Bl A X & %t (embedded system) P FETE. H A, BATH -0 — 20358 {8 B A0 B8 14 5 3R
&S, b VHDL . Verilog . HardwareC. i# 13 ¥ A~ i# #2 (communicating sequential process, CSP) .
Statecharts . #7& 5 3 i£ #& Z (specification and description language, SDL) . Silage A X Esterel
% HEHEITSXEES WAL RBRARREWRE. BE, RITEN A SpecCharts 1IBF , E
R—METEFRSYER (78 2 ZEBENR) WIE T ; R iR RR X8 5 0 s i
XHERARRGE R H#A

3.2 BEBRBpEHE

TEAT o AR SRR pol B BT B (I — B3 . O T R X ey
¥, BATH BAR RPN G — MR e — RS SR R EAT A& T R AT o

3.2.1 &

AT — A R GEER T B0 R — e h BB R , RATFRZ M 47 4 (behavior) o T — AN IXHEFT
FERE] LULR T Rk R, Bl — A  — N R R - RE. EZRER T, —1
RGN RA S BERE— SR NNES, B AR R RIRT SR E L RE
IHEEM T RES BB — M THMIF T B2k, R, RBITER B —R T RRIHF X
R, BBAX TR RS, RITERF BB R — 1y B RAOHR, #lw, ZE—1F
BN RITHNERSE, ENESERRSHL F, 1 F, 2 31#d . RERN—NRF R T EE
BN ERRSIIHNER, B Fy X Fp, $ulbi= —PME R HMRELE, M—PERN
TR B, A A B S 23 A ROR S LA BRI S M RDR & XL RZEMTT R, 25
F Statecharts Har87 %I A1 PSM{ GVNO3 J#% ,

H R T A EUE M — AN A FE MR LA P [HBS 1. BN, FE4F k4 (job-level)
& h B BT UUERIAA % € %% (multiprogramming) . $ # 4 2 (multiprocessing ) Fl
B 14] 3t % (time sharing) HL8] ,  SEFILMENL R B FHATIIT . HXIT S , FE4EH & (task-level)
B, 3 & M R4 R — ME R FUE & R BT . IF 2 RARRTEX — A PR, REF
HEAMESEIFTF R ER. & 4 A& (statement-level) K13 KB R E —MEF P ARIER
BRI HATHAT . BRI R — LB AR M BB E— MERENET AT BR
Wz b, BT B A (operation-level) I3 &, B E — T RE P RRRERIRIIT. B,
— NIRRT A — IR EBREH R T, BERAH R E eSS L B AR L BT
(EE LB REERD, B85, KWL T L (bit-leve) R EF, LINE—NEARZRIEZ
BRPEAITERE.

HRAEEIR R AT A PR, #4858 5 (data-driven) B2 #) 3K 3} (control-driven) o XK
FHEAT AP IEHPITIIF o

1. #IBIRS & H LM

— BT AT B B R R RE A E S, TR A B E B PITRF. TR
T, ATV T LML BT Z B SRR R E o B, B— RS X T H
A RBEE BT, K5 8 T BB X SRR B AR H AR E A o TEXAF
B $ B AR R SR I AT DU T 3038 B BT I, T AR TSGR ME R SR b
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K4 242 & (physical location) . $UH#E i TR LA £ — B AL M A (single assignment rule) HFFHE,

XEWREG—NEE REERMEFEAN A HTE K,
BN, ZEanE 3-1a PR KMBREES

FO 30048 3K 3h B PAT A — B, BB W

%t p HIBRIEHITERER] p (19 y (EME 2 CEDS R
B ORHIERE R A A SR, RE [

B HATUOT 1 B AR BT SRR |0 e E O
W] At e, E 3-1b Ir I BERE,

XA, R ATE B, HH a6, -
o d IR RIS, B LU 1 A 3 L
A T R L b RAERT OB
P I A A B 3 T R 31 BEEHH R
KON, RIS, 2R 2 RO BT , o

HoyfH,

B ER ARG R — T LA BOE 3K 3h 3 & 1 B 1, ' 0 3% S 0 B0HE SR AR AT
Pt SRV, B MVE R AU R RS AT BEE SR BANFERE IR A, LAB 308 I Hh — SR A
Bk e St B A,

2. BHEBh e KM

5 8 B 5h 3 %2 e v B 2C 4 A B 45 ) & #2 (control thread) , B 8UE X0 R 4 4 U 7
PATROBRIESE S, TEETE A BRI Sh H & i BT Ut , B 4E 2 18] (4 1 U FLBAT I
ST S, AR EINER T, ERHEFHAKABREXBRIERTIFEK . BREEHR, 2
HIBREN A B A R ES AR E S EHA BN E RGN, T XLLBEIFTH
7o

115 FANEB A RART 45 7€ 12 H 3K 3h i

ke, TEES R, AT — ALt | g o gancument bahaor X
(fork-join) FI HE AR Z5 14 (process) 8 # A KA K AQ; BO: CO: oin; ,;m%

P 1 5 $R AR WO 36 R PUAT. B PE4 | ond behavorX: end bonavior X;

P, fork BAIQIBE—HIRIBTHAERB; WM AN %58 b) WEE

join 56 U1 % 15 B 4 X 69 45 5 % £ ®

sz, Hin, 7EE 3-2a & fork iEH],

e T3 AMEBIRE A B FIC, EITEIU W‘G ®EE
% B R FT. S HARXEY join A =

WS B 3 N RBERERE, ]G

R BECHBEAABMANT, £ o px - senanesar o sEEONEHLE
32b WRRRR P, RAT R B iy R

e R PSR — 1 fork-

join B AR A —MERREAL, 2 URILAH RLRR, A 3-2¢ fiw ; T B iE A pro-
cess M 4T HFTRIF L L RNES, A 3-2d FiR. B, £ 3-2b K#ERIEH] process
AT 34 AB.C, B MHBERE-AARMERER, 24X - SaNTERXH
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BRI IHEIRE, 7 X - S8 51E s E AR EN SRS R, hr] LT
KL, MXFPESCEXRE, XFRITEREEEN,

FEMER P, THRR TR Z ek, EENBEMREANRIEP, FAFKRNL
8 B LA E R FATHRAT. BN, % B HardwareC[ KD88 ] H & 3 47 & 4% 4) (parallel com-

pound statement) :

<
x=b+c
Y=p~- &
>
EHEAIEDIEREX « Ty KIRET B RN T,
BRAIR I R FIRERE AR T RIEE . Bln, 2ER R A mH ] B HEE B —L608 , 7]
BEREARRKEARI R WTEETHHIED:

s < = b + c after 20ns;
wait for 20ns;

v:=3;

REFEREERS s WEUKER o WEEEE 20 P05 RRE2IER.

3.2.2 REIVB

S¥HlE8 A REMBITRERMEAL, — R R E BE U REEARMAT AR XK
Ao, BlIN—AZEITEHIBF[DHBI ], ZE A R M B W BRET BB S A AR, BB LIEF
B AT AR B 380 5 i) LURE 3BT B & HeR AR s A=,

EEAARBERN ARG, X EEAZ A KT
BAERU—FIEMO T RNELE, XELHNE
I (linear sequencing) R . XFEEHTHE
TR F R ES PEA goto iBH], ME 3-3
iR, R T — MEERA P.Q.R.SHIT ZHHEE
IBHERSG, EMNRTEBRF U d Fff &4k
EH, BE—TE N PREVREV, AL
REZ HFFTE NY M gEiERs. B33 ERERTHZEANRESTH

HERLUXHEMNRGE T ARERXT IR TE
SRR AN R ERME, B, 8 3-3 9, 451G 4 B4R, RE P HIEBE
RE Q. E—HRYH, H—RIBA T EEMENENKRE, MES - MIFELZRET
AREAEEREANTNEIE ., ESETEHEATF, EE - T RETURNEL. B &
K Z B FER ; R E S — NRE T, EW SR IRIT— N E ORI E A RAA ERNL
e, PR AT LA LA K A R BERIASE 2 B D Bl . FEE MR LA BRAR S &
R b B RREIER, I =y + 1, T 5 REMEEK, £ PSMEE[GVNI3]H £ E
BA RS X EWHEE T —MRESHEEEK,
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3.2.3 Bt

MFRBRGEN S, RIBIMRBZ — B ENIETE SR, UL RBEN T A RAETE
B EXFHBELT , RMNFEAHABRAERME S, 5%, BIBRUER AR &
GEXH—EENFRENES. X8, ZREREE I E— BT MAETE I E—-F RS
HITEE, REPXMERSBOTEIRLREMS ENF L, MA, RIT—BHATE
YHBLER B , X2 R ARG K HE BRI R AT, BE, — 1N BRI
YAy BRI X S SR 7 —FP LS, X BT R o] LUR Fr A B KB A B FRIF 2%,
WRERBRAKES, RS A NN R 2R, XL EATEER P MR HE S
ZAHEEK , [F) Bt (5 FR AT e LATE R — MR R R [E 384 X i 4 o

AR ARRIZRB W Z AL : OB RAAIT IR R . EIEE B SERE
R E,

1. &M &R

EHERMAREERENHERERBREKTHHNES, 8— 1 THREHECHARS
¥, X S5 M R B — N ERB R BT E S AR, A HE, v L4 @ A B/ BT
%, FETOHENEREREETHNEMES, IR RR—NEHHERL, K
s e T B REHE Bh i i3 F— 1 B EE T8 Ak & XHT T -

LM BT R AN A RHRRAN PR R, #lin, — RG] LUSHERE R /R
RES, Bz E#EE BREHEEE. — %A AT L JLAS 3 (block ) 41 B, T —~H AT LA
B LA BFAE 2855 (RT) TR, 7788 B ARBHBIZH $OL(ALU) MBS, &5, —
NEESMER TS — SRR TRES . W RINFEENRRENAFBLBEEAS
SR D PR, InE 3-4 Fis, BB 2w Hi 4@ B — R 5 RT o4
FREEEE A B A R HRERIZE

RE%

ikt
#4288 IR E B

BERR

e

T BEHBR

B34 HEVRETHRSEHERL

2. A B KR

1T H B R AR R — BT IR ERE T AR TAT R, X5 F17 8 7 ELRIRUF
PUTHIRR BT URH EH X R,

—ANFT R B AR B 9 % (sequential decomposition) ] AR N — i BESGHE—TRE
o EE—MERT 17 M BTN A 2 B (procedural sequential decomposition) BHEFT A E X
H A, BMER MR EDESHRNIT R, RITWA] LB B2 EX L A &
BB — IR, B35 B8R TR P HIBNFNE, TR P BIRFHRATHFIT R
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HAR, A AERE Q AR R, BPIT KBRS ENSBARAMRE. SBEFH
3 I8 SRV E R Sh AT A B UL, R B E E KA R B TTHRE o

behavior P
variable x,y;
begin
Q(x);
R

y).
end behavior P,

a) R b) REH
B 3-5 AT AR

& 3-5b 254 T4TR P #93k & HUIR A 4 8 (state-machine sequential decomposition). 7E &
t, P MERTAE T8 Q MR, B— N FIAARRREINPH—DRE. EdRFE
—NFATRERBRB —REVL, XARESVMRRF X TEAHEERAL. Hit,Q MR
RREH, BT A BN T #— 0 @RI F 1R . ERIEENIT P, 8% Q1, - R2,Ef]
BFR R ot F 47 5 (leaf behavior) o

TE— AN 43R AT v B LR R R AT 8 - BT BT B R R B RAL TR, TR
FATRHZIA MR, —> 8 % i 4 (simple transition) 2Bl F7E—> FSM &R A B EH )
R, THESIRETNERPRA—Z I OREFOTH. ME 3-5b fin, HEHF 1 ik
R ERAIT N Q1 ISR ATTHN Q2. AL (group transition) 1§ R —H ARSI
B, LS4 5 51 RN Q WA FITNMITHN R IBHEREE . & KA EH (hierarchical
transition) MR B T LT REREFITH, A Ehafi e mmass. sm,
HARIDH €6 B HEHBUAITY Q3 FB4A1TH R1, XBIRE ELEBHNEKEH .
FIH,ARICH o7 BIEBRH RN Q FRABKEXRIRER2,

St F— AT A R4 T R, TR A Hon $ TAT R, XA FAT AR SR ZAT I8
TERIRHEAT. W& 3-5b #, 24 R WRATH P #i#En, R B — M ITH T8, BAA
— AR S L ARAT A8 R, R, Q1A R1 4 5IRIT R Q MR WHIIRTIT N,

7R W) 3F & 4 # (concurrent decomposition)ﬂﬁfiﬁl - %é‘%*@ﬁﬁﬂﬁﬁﬁﬁéﬁ
BARSGH T RARFR, XEBEEWEETE3.2.1 THihe,

3.2.4 BF&H

W AT N AR b R B — R FF B B . BN, X — A P B TR
FHERR RS, SR — AR EBEIBESHN ARG EXRENBRT , MRAFRHEBRE
1T N B UAL LB RN FAT R B BRAFEEN TN EERRE A — N ESEE

{5 I 42 B 45 ¥ (programming construct) 18 1T WIS T  AF REREEXN RE TR
HETHIEERERWBITIRF, BRTUMA—SERRERRERE, HBFRIHETEW
TSR HE X4 0T b . X S M S R B B A 4 X B M) (if /case 1B H)) BN IEA]
(while.for Fi repeat {&5Fi&EH]) LA K F 72 ¥ ¥ F (function BRI procedure L # ), F 5k,
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MR AT T A T A M X R O R U R BERRE H A P
[ 3.6 5 T RATHS G P FIRRFF 11 4510
O LLBERE T SRR 10 M BBCRAH0FT 0, | Yaaoe D Ee e

FEELS#E Swap KHEWHNSEIE, fori=11010
325 {FHEH forj=ito 10

47 4 % A& (behavioral completion)# &) & —Fb “(bsu‘t'(‘)p?ﬂ()i))b%)
KA E BT HEARTHMEES, RN W —FaE end for;
BEHAAT WX A ERRE RS, H—1 [
ﬁﬂa*ﬂ?ﬁ%#ﬁ%ﬁa&ﬁ%fﬁ,#ﬁﬁiﬁﬁ@i E3-6 [FHREBFRIIEHER
BEFMERBCEAHEBAR, XM HRA RHERE AT N

RERRZ MM ,

EAERRSIER S  RITEEEE— T ERXE XHREE S I K LK S (final state) o
XE®RE I TF— MRS E, TRESERFREBR AR ERARSZ —HRE, W
3.-7a 7R,

l OutputList ’

) BFREXMEENE d) *REHEFETFITA
B 3-7 fTHZER

FEFR A1 PR TR HHE S W, YERF P RE— MERNE BT, BITAR—MTH
WesE . B, MBI BB R return 1B A, 3R Y53 B MBS — MIEAIATR, B

FR— it e 58 Mo
1055 2 ZhE| A PSM BRI {f F— MR B TE X % A &, (completion point) K48 B
HF MR, SEHEBIX I ZRARN, RFESEERaANBFREEEZE M. EXT
SRS L, S ER R A 5 RUE A BB B £ A& £ 4 3K TOC(transition-on-completion) arc

IAEE Bk,
2 EE 370 PEFRESNMGET. EES, HEFRENTH (W X1) ARF RIS
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R, XERECTINERREURE —RBANPITRREN. T X, BRREVNHTE
MEFRAZEIEER. YEHBEMNEFRE X2 BB4 X 6f (Fm, B25EE4 2 Fitrid
B TLIRES) , BRERPRE X %M. #HE,.FH S HBIE—1 TOCKEBAERFRE Y,

M, YEFIREEY o4 bR TOC I, NEFRE Y B2 B Wl , RHBTFRES B

XHTFAT AR R E R NMEA . 85, FEZRAR R B, 58 U REHE By iRIH & €
M Eg—PRERES), HFARBIRE - EKE BRI R, £ TiERITEZEAREZ
AR RN, G,/ 3-7c B TR 3-7b FHBEFRE X REAERAESRET
BMNKRGEZIMN, ¥ X AT HIIREE BB = R FRE XL X2 Ml X3, ARG @#E It
AEREXEBEM SR TEREB T RWER, WX SUWARE, RIiTE MR
X MEBFREIITH, LB EBNTERA(HEG 2 MRMMN X2 TRNER). HET
HFERBIE 2 MEATET EAVPR—MTH B AR R — 5 F17 0, XTI R Z 62
Wit EBRIORREIRF® . Flm, B 3-7d Bn T — A —50 8 e s m A, &
1 2 RRA 3 N B X TATH : ReadList  SortList 1 OutputList . B TOC JLREHB P
EXATHIF , BF ARG H A BERBIMNYEF R R EIIZEREEE .

3.2.6 iEfE

— B RS L RS R R AT VB R AR, B, REP AR ZERE
{ZR I3 F K} 4 (shared memory) 8% 7% B 4% i (message passing) I R ER K . BATT m@H
SRS X FRGE S o

1. 2F A H5 NGB HEA
LN R 4 KX R AT BE M — 4 3t F 484K (shared medium) 5 AR, LA
SRRSO, IS ITE NGB IERIE, MREMEEFNHERZAIFER
EPLE, ML B RIEE, Flan, — A REHE AT LGRS A —NMERK L (valid) bRk,
FAILE N O S F B EE, 5 5 A5 T B R B, XA AR R

H— ) # L4 (broadcast mechanism) , B BEHE IR B #E 2 [ RwmEmEM
SHLERBE BT 7 A 1 (R — A (3R S A R B S 20 B BT A AL T
fls R — e,

/3-8 YR P Mt # Q ZEBMFTELEA | begin
BRI R HATEE M. K T HRBE &% B R ff“ i
Q. HHB P HH TIEATFHAOREE, HEAE Q BEBH | o end
E‘Jﬁﬁ 2) HEME

E SRS AR AT AN FARIER [ gmp 8O

AFA, #F X (persistent) KL EHEA R T —THBEE | tegn ‘ begin
BRI, BB AR ES, pln—Mrbaeot, | oot | BEC | ety
WNAFAEES HAE B R — D A, AR PR T LR | ey end
BB U471 3 6 7 5 28 5T o BT AR A7 BB, AR T 2 , 3 34 b) b

X (non-persistent) HIFEEEEF , B FERKESS HE o SRR
B R D R A RS, R O S — L R
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NHRREARSREATT UM, ERA LSBT S BRI R EEE R
(8] E’Ji@?ﬁ‘%lﬂ] o
. IHBARR T X BEER

E/ﬁ BEIEER P R R B 1533 A 4R 5 AR AT 8 a3 7E — MR A B 5 R, R
2718 i8 (channel) , B REE R B HE R 4 & (message) s TEFF— M HEREBE , WAL E - BKER
% (send-receive primitive) fEiBiE %

ZEE 3-8b FHIBIF, EBAR T HRE P Q Z 8] A8 {5 & 408 o {5 FH 8 fF iR R R
SRSCBIAY, B C P VAR AR P B Q fRABEE PEEEk. 7E#E P HAE
B FRKERE, A AR REgERAEE L. B, BB FEEREEE A
B Q PHLR y,

FERFENEEE R R — BRI, B E iR E T BT 5L A KR
o, NEGEZE, —MREEABUEH, EBEMES AR BERAE, AR 7EAR L

E8E T — MR ALBEE R .

ENBERER A U T ILR AR TR B, £ %% FiEF B EHBRAERN
FRIR, B E B R IRE R A B EEEE W ERERR P, HK, M EFEERERE
1 i) (uni-directional ) B & R #] 4 ( bi-directional ) , XK 8 F 4R 7 RE LA B 1] B K35
BiE, — BB R & 5 B (point-to-point) i, ENEERH M #HBE RERL—1T 3
% (multiway) HiE, BEELHAL TR HEBRNER, £—BFAT, ZHEETUERSE
— AR T ME— Rl , B T 4 X AT B 4 N R ARG

WBERBED - ANEH—SHENETENFAER : BEEX (blocking) B2 4 X
# X, (non-blocking) o MR —MHEUFERE AE H F7EEE LR, AR HMAHEENE
RSSO RIS RS R 28 X, HES T B 5 RER 20t
RAEF A HBEESIR AN, RS, HEEREEURE - MAETEHAE
RSO TR IEE . AT, BV — N HERLFRLAEEERHMARESETER,
XAERH SR T MBS T B A e BBk, EmERXMEREFARFEX MRS, B
HHBAEEHNFSEREIE. A, EXFHFET , BIMNITEHE BT U R FE E A
58 EE RV, B (queue) T RAE N HIC, AXABETEERZEROBEE
ABNFI o, 28 T 0] LIGKSEIE B T, A SR IGH B R B RS T i, BN
BN SRR AR B ST BT , DUE AT BRI S s , A eI EE X T EFE R SR B — 1T’
IFHITERE . SRTT, BB b AOE RN R LSS ELBASI R B/ M A R SE B o e, a2
BAFI B 8 , RS T BB 7E S 2 55 _H B PH AR . Bln, HRRHE L ERIE
R[] BAF & 2 B8 , T B GHARR 2 LU X 848 5 38 A BA S AR BRI B , B2 5 iR BA S B 3K
W, M E R A HE.

3.2.7 BF

E— AL HBEBRNRSET  HERORTSMEM Y, §—THBAL
He R — Bl A R G PR BB R . TEXRPIE LT, M A S B B o s A B FE
Fgk AR R R RN AT , RATBEZE R 24k (synchronize) X 2, — BB HERAF
BHALABEIGTRIRA R A SRk AT . — IR IR AT AR, B 45 il A S 1
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[80] [FIZB WL 5 EEEAE KRB R HLH o

1. £HMRGE T -

aEHAXNREEAR T, FARTAINEREHTERAETH N HBRYFRL, Fla,7E
3.2.3 PN B S X — 545 4 £ M (fork-join) RIEFHRI WK LG, B 3-9aPERTITH
X B4 X fork =N HEBTHBE A BFIC, HE 3-9b F,RATATFEHE X FITH X, X
AR PATH R NAE T join IBAIRSATHEIZE M. BRI T 8 fork iBMIRA N =R
B2 R PATZ RT3 52 M. #5 HIAH K25 89 55 — A1 F & {3 A 47 %5 4L (initialization) LR .
KT BEHHRIES (HDL)—8 , B E RS H KW B, ZEP RS T E B[R ; 5
ELEHBOBITH B R AL, EE 3-9c FREE S, i LB B EH A ABC AAKIH
T BRI e BT R IIA EAMARE A B fl C HRL A EMNHRATFRE. H
1 7EE 3-9d i, B4 o 8 B WAL HEBGATRE BI(HEN AB 2Rt RIGEHHA),
FEM A FRFREAL BT A2,

behavior X
begin
Q0):
fork A(); B(); C(); join: exexe
orx e
en avior X e
a) AX -BEHEHNITH X b) W LA join EHDFE LK MIT
l ABC I ‘ AB l
1 3 T
A ' B y C A : B
| ]
1 1 t
L}
O (=
1
O |
: : L
e\/ e
o) it FIh R E d) EREEIE A F

B 3-9 Statecharts FEHIFES

2. KEMANHRA Y

B T £ 4H 26 R 25 ok B R 2 41, Rt BB T LA T BRI 5 346K SE R BT 2 18 A58 15 -
HENFREHEBIEE.

(1) AF £ EZ QA4 EF (shared-memory based synchronization) B TYEHF R E: @it
BE—EE, ERHMHHEASENEEHENTT, EXRNERT, £EATFATU
FR—ANEGE . —PEEERERGET D - HERE, WA 3-10 /Y Statecharts 1EH
i

A3 FE 46 B ¥ (synchronization by common event) BR — N HBLAEHF—MEREH
B % XA T A AR SR B — Rk 4. EE 3-10a , RATTEEFHM « £

WA SIS RS A FRA B, IFEALRESFRAEFRE A2 B2 K. H—Frktak
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% ¥ 9 B ¥ (synchronization by common variable) , & 3R 3 — # B — & Y4 M E F 5 H
B, B 3-10b B, BFE NGRS A2 P2 E » BEN1UH,RE B RSB FREB2, ©F
— P B R K A 4R #9 B F (synchronization by status detection) , — P BEMZEPITZ BIE
BAEHMARFRSES ., EXMHFOLT, BLFHE c AHMNAL B A2 WEIBTRESSIE B
MARZS B1 18] B2 WiE% , 10F 3-10c BiR . XFPRA BITIRFERNT AR MRA E 5w
RIEFHERAN . XFMERT IR H—1 425 F F K& B (universal asynchronous receiver-trans-
mitter, UART)# ABWEE AR, T B L& %0 ik ¥ = A4L (tristating) o

|
t
(2]
L [aB ]
: AT
I
2) ASBMEMAL Ao | | BI |
] : 5(“‘)’
AB A2 !
A !B x:=1 :' B2 )
! o h
|
: (2] b) AXBEMAS
e HA A2
i
|

c) RERNMED
B 3-10  Statecharts FEIBKB I FIE

(2) & it 4 A% F) ¥ (synchronization by message-passing) f& i Fi BH 28 [ X 1 75 —
M, EXMELT , #HECSEST R AR EEREIE , B MEFED N — 1 HE
HHERIFE(E, Fln, CSP BRIgE T xRl HLE

3.2.8 RELAE

BHE TR 8 R A ER—ANMT R S IR AE S 2 R T, X PR SR RERELIE AT Ry — 2
BHE. BRSTRHEERITETREREES, WFrRELARTRON AR, X, FLE
FAFR 27 ¥ (exception) B — R {4 1) & A= 3 7 BP AR T 4T EI1T R, T A 26 SRR 1HIR I 58 o
WX H R AR, B2 B A E— IO — N E AR A T —MT R, HEILRSET
B A A0 e BT S kR X S B BB

W AR RRSYLEAE XFFELEIG .. EXHEHRENG, 58— MREMX
VEERBRE HPATIHE A, X R E — MR R AR UG RERZS T —MEEHR
&. B—FH,Statecharts il PSM BB AT HEHZTAESER, MEREZHITE,
PLX RS ok THRERE 0T,
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3.2.9 IHmEE

SHFREF—MFFEMREEBRBITHIHBEL R, BREFESFH LI T, EXH
BT, RERTTE VAT BEM BB R REEM— MEIEF ., ERGER
B X E— N EREERNE, ERFRITEN TEMABAEPITHEIESHE, e Sk
B, T RRRERE, \T UMEEEER P Z—RPUT.

SR AR RE N IEHE AT H. B —FiR & 8 3k 5 LK (selection non- de-
terminism) , B JLFPSEE T RZ —WIEHEHEE. Hl, BB T ERKHR, KF o Mo BH
MR B BhAE

if (x) then

do EITHER a OR b

end if
FEEAIE LY - MMENER, RFHRAT o 3o E—FERAE, ER R R B AT R R R
YE. XAEIERAE M HH) T7E CSP M-SR sh 77 , il it {5 i 4% 47 (guarded ) 1) 45 BA H AR
EH

o — FhE R (Y JE W E P B W A 3 # 21 (ordering non-determinism) , T 38 B JLA AT
EhHERIFERE MIBF . B0, % & T EHER

if (x) then
do BOTH a AND b

end if

W o EHER, b ERE AR R BT A o« Fb ERENRERITRITEEL
—FhIEBE T AT A0 . B AR IR Rt , RE BT E TR R R MR Bk
itk 2 H S VENE B DT B AL

3.2.10 HF

FERGHRS PR NRBRELHRALANEER S, RAFER, ELEENF, R
G ETARGEUERPBAFENELNER. —BRR, HERENNFHELET N
2 THRERS 7 HIBTREA TR .

1. ShEeet A4

B0 R SR SR 45 R RS B2 H B T K F , kRt 3 in 2
RGeS, FlnTeRAS BRI G, W] e E e SR A T BT IE 3R i BRI 8], LAtE R K
mHEIE R . 55— F & F f§ VHDL[ IEES8 ]+ B wait 15 /4], LA B 7E A 3k i 324~ it 18] B
VHDL {5 B W {H 15 8 5 55 S, Fonit AR, #4n, % 8 T 8 VHDL &4

a<= 30;
wait for 100 ns;

s < = a + 1 after 30 ns;

SHES s WRIEE RS o BRIEER 100 ns AT, R, B TE s WBEETFTH after i
(G S STEX o RIEE I 130 ns BRHEBIEHT,
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2. HELH R

St— N RGEHE N AR gEATMRIETEAMA, flin, ESadBPh— 1 EN
HREAFE R A PITHE M R AR FERMA A, RITEALHESRIE T RASE X EARE
BRI R . XEMARTEBEANSEWREHINEEE , NERE X LR, Ef TR A St
HIRELEE R

FREME , B IR ELA R TR B0, X FHATH 8] 89 29 5R BB I1T WERAT N
K—8orea . W 3-11a B, 78 B BH8E T —1 10 ms MR ELR, EHAMFRT ,—
AT R REA R BB G E L AR, B8 S AT N I R s A S 3 Bt 0 20058 B i — A
B, 7R 3-11b %, 470 Q BREIEAEREN 10 Mb/s, EBFEEE C L EAHEEE,
R ERRAT R P . B85, XEE R EARE S KIS ER I RRBEHZE
REMB/N /B ERIRE, FINTZER 3-11c F, 4155 in THE S0 ns J& , {55 out EFbe

min 50 ns

% Q e
in _] 1
iTAHB max 10 ms (ma);ﬁl%r?{b/s) ! !
out ! |
ke —wh
a) 17k MBAT R b) FIEARE c) XE B4

B 311 REMRPHRELR

FERRE LR A P SR HORE SR R R R KRR B R R EE . i, R
@it A BE—MT 9 P R B P NE AR B AT RIS , T B E L — M ERIR S, At E R A
ANEE R I I 3R . THTERE 1/0 F4 2 J8] , 18 5 L5 B 55 6] 5. 07 3 R A o A3 B (timing

diagrams) .

3.3 BMAXRGEHMBRER

FERTEMEY P, RINEEN BT ARBSEE B — RIS, R, M AERERH
B, ARAKMY RS IR E X BRI TR IREXFIEOL, X T K4
KRG SR, ER - A SR TEORSEEY, X+, RITHITIe—&
BEE TSR BRRAXRERENRRES

— M HAXAGRE TN SRR EMEIEA, BEE—MRXLEFEIIN
B, T — MERTT URE P RERE T E . — SRR, XN RE LW RE,
AR AR SRR RECRIHT B BN . RARRENH FOERSTRERSE, &
THEKFIES, RITHE TIRARREFIL AR, KA - BRCEE 3.2 THE
BN, BRMERE WX SR EH TS

1) RETH AR RGENATE ERBRET RS, 8 W RIS — PR
EBEH—MER, EREELT, XFREZAMEIBRU—FHERAROTARE, WE
3-12a PHIARKER P.Q FIR ZRIPTFERRR.

2) FIRBUAL  SRATIER G BEEE BUR 2 AL KUY I3 R AT IR & 4
BARRGEREASHFE Lo Hlin, ZRE 3-12b PRARRE LR AR, X REH
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AR ARFERITH P.Q.R S, YfTHh P PITE , BEEERFMIHRHTH Q MR H
17, BJEAPITAI N So B4R, X TR PR — M7 AEA TR LA ()
B2 E , AT LABAME R 5 S BB /3 & TAT AR BHIE R . BEA—MRAR
RG] gy JURME R B, T 45 — A R0 T LA 43 51 50 R [R] B Sh R 2844, 7T L, B HR B LR
MM S T ANERILS FRENEREEEEFER,

3) HEMHARRGEY B — I RITHAR, TXET RN TREAREREHL
B, 2 B BEAEHE, M TFXENRE EFRABEAROHFEBRESHER,

4) ¥ FUEBHERRGS HBEE
R, XFMERT IR ARRETEEH
LSPPT . EALER SR YT, IR
BB B —FpH BB L R X R 50 1
B R, B 3-12c i B X F B A] o W 59
WE, MEEMN « WEE 1TH P AT
R B P B, T R s R B BT N
Q. [ Q MITE BRIk,

5) BEFRHEH: RARREPITH o REEB b BF/FFRITNIH © FH
St A E A E N A SRR ORERR, W B 312 BARRLAEN
¥reEFk R, BURE TR R RS (I
FAPER L) WE .

6) 1T HZR EMARRL LT HERRTRIEF, AR HE T SN R4k
B, R, X AT R BIT RIEAT R B SRR B A RS . B TR HRIE, R
A BEEHE EFT M. X— SR EE, B R REA 8 LAXRERAT 0 58 B 2ER
WAL S S — T R EIHAT .

3.4 WREFERR

EF AR RRRX S, RIS M BN G — g ZHEANERIEST. RN
PR X SIS B AL AT IS ROHR T RORIBL AT TR, 30 X4 BT BB R 0T sk R A M o U
P, FEAT R, RAVEDIRE S —FHRIE S REMSTHRARRGAT H LN

3.4.1 VHDL

VHDL(VHSIC Hardware Description Language) & i 35 [ B B %5 $2 i 3 & R K9, 72 1987
% [EEE bR, XRMGE S BB BT R T & (5T SO L AR IR BT Y
HEXH, BETHRNSE, VHDL B &8 £ R AEN—F#RIET T Z&#X,
I L2 R & T — B A H TR, Jext— A7 3k (8 A E AL AT TR B
iR RIEFILGE . :

7€ VHDL oA foig {4 52 2 — 4> % 31 55 4k (design entity) , Bl W BHRARAMERR —
AEFC R — R4, BT TR, S E M AR . R RTHE R B R
MR TNNAS , TiHRE— M LA,

£ VHDL th, £ # & K At (structural hierarchy ) 238 1:f {5 FA P #k i) 3 1 7 44 5% #) 4L (com-
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ponent instantiation) AR ZFFH] . Bl 3-13a FEAH T —ME 10 THBEER NS WH#R . ZitE
AP ctk Flon ,EB—NBHES b LFHEHTHE BB o EHRE
Bl 0., TELSHIARAE R, AT A S AR TH , S EHE MO S8 (Reg _E . Add _E
Cmp _E). RG, THAELMIETE 28 L B4k ( Conreg . Adder Fl Comparator), Tl Z 8K
HECR o O Z R B R BEORIEE M. BN, 155 cnr _our 85 FIBE BISTH: Conreg Fi
Adder WL 0 o Fla b XHE, BLIE B Conreg Wk 35 O Fl Adder BI— ™% A ¥ D48
%o

entity or_E is endM( e E: 7 ont - outinteger);
port (clk : in bit; cnt: outinteger);
end Counter_E; architecture Counter beh of Counter_E is
architecture Counter_struct of Counter_E is begin
component Reg_E P anabie convar : nteger = ;
port (d : in infeger ; ck:bit; 0: Out integer; i seger=0:
clear: in bit); cnt <= convar;
end : wait unth (cK=1) and (o stabe)
mﬁﬁ%teger o:outinteger); Isem;m
mdeomponeni; " ' :ndcgwarzcmvaniz
component Cmp_E aas
Port (10,1 7in nteger ; 0: outbit) end process;
end component ; end Counter_beh ;
4
signal m:m?g.;rzs; b) 17 h#ik
signal w;ﬁn_madd_an : integer ;
pacduibanbbo entity c(::kmr_ssm oot
m H : s
begin mm E eger)
Conreg: Reg E
ont_in, entout, dlear) ; architecture Counter dfiow of Counter_E is
A.&S'f':'"ﬂa(_e & signal consig : integer := 0;
e (v _in, clear); block ( (ck="1") and not(cistable) )
eereeemereessarenns - 0, when )
. elso 1;
ont <= cnt_out ; endblock ;. consig+
end Counter_struct ; cnt <= consig;
end Counter_dfiow;
a) LHHR ¢) FERHR

313 —AMEL10 HHEES M =F R VHDL #iR

VHDL X W% B47 % B K (behavioral hierarchy) . ZETRZR, #8815 i3 & AT B2
BES DTSR E . B FUH X 12 5 HIFUF 2,

B TEENEF R TR 24, VHDL £ A FSHHEE. FSARTER, BAEKNHE
RIS X, R, B Y FTE > 4, 15 5 8A — M P, VHDL W& SRIEERX
¥5i5 &) B3+ & (statement-level concurrency) , 8T i FTr /R B BIF -

a<=b;
b< = a;
wait on a;

AR 2, JFRBAES o b KfH. Besh, VHDL 8 after iHR R RE SR
(EE R —ME B W EE AR RN LB BIER . X8, 10 3.2.1 W hitie A, X
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FRAKBERNRIK.

VHDL 58 £ A2 A%t 4 4, By — 3R R i UT LB R 48R, 258l F ADA BF
BIHET THRE. B 3-13b B8 T —MEAB 10 iHEEs B R . VHDL tigfit) &
KRGS TREEENBIEIR, R TR A3 3 B GO R AR 28RY,

VHDL H3f &5 SRE MR T R E #R K8 ATH, Il 3-13c P RARNH S
B 10 KB R .

BEAh , AR 8 48 AT S AR RR S B . I A A A {5 — S T AT o] A
RSS2, [ Mt T HoAt R o R vT DL

VHDL HH B FEBERL I Ko B—Fh 7 K8 T 3E8 B 808 5] & (sensitivity list),
ERR T HESBFIRPEMN—MESAEFMHRAEN , EBREBROERIT. B, R —1
B P, EBEXNAN:

P: process (start, x)

begin

RIEXANE XL, R PREER, HRERS start R REBHEHTE . IR E T E
start Bz 155, AL #HE P 5HA#ERR KT,

R B MO ERR A wait 54, EEE - HE, AR ER B ERENFS
Z—EREHRE BRBEEENRMFEHE. HlM, TEK wait BAHRT RELHES
x By BRMHRE ,BE starr BEN 1 I, A SHEHIT,

wait on x, y until (start = “17);

VHDL &7 89 5 A 1R PR T I REET 89138, B 4N after T4 (40 a< = 2 after 20
ns) fEBTERRIFEA B E S LESEBRER . R, —4 8B 74, Fli0 wait on start
for 100 ns, A] ARG ETE wait iBA) 7 B9 BRRT[E], VHDL 35 At BB Bl LB R
BR now IFfE— N2 RAE R Y EIE, SR FRREKE ZFRR BN FAHRE VHDL &
HABEES R AR EREEEE

SAXRRGEHXKFFEM L, VHDL &5 — 07 @ AR A, Flin, VHDL &
A—AREWE N F IS HGAR KNS B A VHDL /) guarded 3 & F SREE, 7
IR B ERFLERITES, block BHAMXK guard RIXZ K42 H block Hxt
H SRR,

BJE, FEEENE VHDL AXFHRRETH. WH, — P ELHTNERL, PR
FEAET B R E A B, XF 7 XA VHDL XHFo

3.4.2 \Verilog

Verilog[ TM91, SST90JEARIEN— N & HNBEHRARIES (HDL)MARKY, EFER
HHFREMHR BB HE . SR 1990 £, Verilog B2 X BRI ARSI, At
EHRHENEREST T ZHEH.

St Fi &KUY, Verilog BIREL S, Kb 2 —-RBEIAFRAEEN LB RMAHE
A% 3 (module) T R4 ) & kb, X SOEEHAR AT IR O Ok #R , S A EMEMRER
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EYORGEH , B A — MR RIEEHATH

51

fE Verilog FRFEZRRAT A B kAL, WEFE L ERB, 75 B KA B RIET— R B, 3
4 B 14 (continuous assignment )15 /A]fH K 3 A (dataflow)FTH o

BETASY - BB HREFRNTHE, R A S F IR MR, X RAHR X

&n
ARIHRZ BT, i, 56

£ Verilog 1, @2 R ZEAFREDR LM . B AEELIEER FESNNEF

C WIE¥: B 42 /% 3+ 4 M (programming construct ) fork-join LB, A 46, 417 LA F 3
@ (negedge) clock#10 g=d;

wait (clock = 0);

#10q = d;

3 DA B EGE R , B  HRR Z (B] HE S . Verilog LEELULRN I R X IR ¥, B bl
A IRTERBME S clock TR KAL) 10 DETEL BN /G , B15 S d WEBSES q. 75,

R4 AT LA 0 X — S SRR SE 3L, TR — 1 A EUR B A R ) B 8 kR 2

FATHLBEfE F Verilog B wait 18 4] 3R SLBR R AL BIBUR , W1 :

1E Verilog il 3 871745 M ZE R B RS 2 77 65 A (timing) #R . X BHREXN FE—1
3.4.3 HardwareC

EF FREABE BT IE , Verilog A RITEHEHBKR B/ NFIRBMBE. 555}, Verilog

BT , RE R M B BX N RGERIER T

et AR R EE — B TG, REEF PO EGESERRREY. fin, EREER
#10 q=d 1, ¢ WEDKERHMES clock TREHH 10 MARIBALE 1S B

Verilog @118 A disable & /5] 4L BEAL T — 28 F % (exception) , B REZE 1L 15 4] H 48 € B
BJG , BN TR 2 Verilog AXFRRETHRIMIR

HardwareC[KD88] % 18RIt M E ML A WEHHRIET. EU CERFRITES
[KR78 ] E:hl, [Fl o B4 35 A TR AR BB E LHIIE XG5, IE B X S i, 78
BEHI R T 45 #3 & & (structural hierarchy) o

Hercules 17 0%58 £ 4t [ DK88 ] h ik #¥:5X ME SE N BA MM ki 2 HmA -
7E HardwareC H1, — M2 E R T U — M2 —BREF R HBAR, BB ZE
HEEE., SEHEITUAEE—TEBRARRY, ZEXMER T, XERMNENZEAE

currency B AT EAE 4G (R 3.2.1 T)FEE,

AT ET7E HardwareC o F 3 78 ) 7 386 < 4 4 43 & (task-level concurrency)o #—
AN FHEEN— RFIUFREA E — N EENHER, XERETURLU CESBRFRITEN

I FEKRER, B0 HE—BERE XML HPAT. # 4 85t K (statement-level con-
HardwareC A [7] #:2 [A] #4 38 43 (communication) 38 i3 2 N 7R EIH B A3 BRI i 5 Ak
P, N, 3% o 4% % (port passing) BRI — T HEMNBEAREHFE, WERFSLKINF.E
IS EECEEMNRD, BiFETUERENERL AR NI E SGX RO, 3

1§/ R HardwareC f4k3E ERESME—N2RM 0. AXRETEROHUBIEEN
SRR P —E5, Il 3-14a FPTR, B R Main 3B8ERA n _p REUE n SHHR Fac-
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torial, 7 HEBEWIRO » _p MER. B—F 1, 7§ B 4% i# (message passing) &3 FHHEE#EE
W /Z RMEFERES , FREMESE - BREHWRLHBEWIER SFE . X
Wi FAEFAT g E LR E, FRAXSEN, BitENEFEHREHBFEH TR
SCHEEE ERIE R A, M BEAF T URASS TRERESESER. B, fEE
3-14b H, ATLAE B Main (EREE chl RREE », I HEE ch2 RBRER.

i process Factorial ( n_p, r_p)
P o ﬁ'%‘}"’ -P) in portnp;
in portr_p; out port _p;
write =n; n = read(n_p);
wrenp=n: i e /'compu(te ) ot *
}result =read (r_p); Ao Ap } § r_p- ........ ;
a) WO
rocess Main (chi, ch2 process Factorial ( chi, ch2)
P outchanne(l chi; ) & chl in channel chl;
( in channel ch2; ( out channel ch2;
1 receive (ch1, N);
se:odff:m. N: r eompcfma fac:‘o)nal Y
receive (th. Result); FiY ch2 “ia.a: ...... );
b) HEEE

B 3-14 HardwareC FHHERREEE

T {8 HardwareC H BB #2 Fl & (synchronize) , 13 7 LAg FIPHZETH B 1538 77 =Ko
W —A msgwait £54), AT UGB E 2768 E P EFNRRBE R . BdfFRAXI4M,
Bt TUEE - M E—HSFRETA - M HBRNESFES, XTMES AT U3
I B TE BRFR o

HardwareC — A B EE R X T A FER (Flandk HE SRAMEH)REHEESH
AR BB , BIBEAR (template) o X 3X SoREAR B TE RS BER LR HUE I 5 2Ok i 2 L4
Ak, R, AT TR R X A AR M e R R BE TO 4, LN A T8 B A D BT XS HOR R ik 8%
ML, HETLHE— R, UEHEE TEFMANSERFE RN, RIEEEH—
MEELEH, B, X F— IR REE L6, 7T 98 E N — T REE IR e, R R
T EAEHRR EI5E HERHILEFLR

7 HardwareC #, B5-ME ) Z A1 B A 29 & (timing constraint) ##8 & Al @ £ B EH)
HN—#73R tag BX, label 280, M/ AR IR EAR, WA, HardwareC AT 5 & WIRAE,
DR EEGE R, S F— M AENER, A S0P LA (EUTERBRRGE AR
H53 B E 5 (GDWLI1]) .

BJS , RITEEH 1M E HardwareC A XEHEIERTH REFBUER B A

3.4.4 CSP

FEZ AL E LA LiE TR R, FRNBRFRIHES RARKNBRE. AT i
X—BERHE, C.A.R.Hoare T£ 1978 4E 4} T i {5 il /¥ # #2 & 5 (Communicating Sequential
Process,CSP)[Hoa781, B4 8 X ,CSP A&t & FA—RIIFRH#RKMRERF, BLEH
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et E R fHRE AR, B CSPEN—MBRFRINES, LEEARMRESHR
8i[ Aul91],

—~ CSP BF &8 —F514 4 (command) . FIfHH#47fr4 parallel, — AT A IR 4=
FHEBRKEMERNE T FHERBUEFRFR) , XBMET X474 B RWH X T, 7E parallel fiy
AR B RS RPIT, YA X LB AR LG, parallel fi & 4 45K, MH, X B
B BAEGRE— RIS U E R THE EH FH parallel 74

£ CSP H, vl LA A A&t S MR IR R, M FEFELRAAERR LR, XBERE T
Bt SR SR LB, BRI BT, B FEFTES R FDREL,
o g TRBER — RIS,

CSP i Hl 45 #ET fir 4 guarded X LB, KA EFF TN UMRKF MR, HEHEE
i B S AR I B BB, X N S R B AT I T 3 E guarded iy s P AL—rd
BIAT, TTLAME A alternative TR 4T7H#R . XHE,7E CIEF P i 7B

if (a>b)max = a;

else max = b;
AT L3 CSP 9 # alternative fr SR I0TF .
[a>b—>max: = a[]a<b—>max:= b]

FE{H A alternative fr 2B, WTRES SN WA MF R R B9 1§ 0L, EXMIFOLT
EERK guard, RBLEEFFPATIE AL AR AZRATH

7E CSP A £RAr &, Hilk, 3 & #7884 812 RABERHEE B R input A output fiy
A AN BEENRREE . REREEEERAWE FIIRERRRA &R 4

1) 765 1 MR output frd i, FE B BUR fFHIH0 B IBRSE 2 R,

2) TE45 2 MR input fird o, R E BB ERKR IR RS 1 TR

3) 7E input fird P, Bl BRI B RSB output fir % B FIBHLT o

B3R AE T input/output fr 4 MBS R —MHEXERE, EWR T CSP FrE—#H
AP o

{ESE FIR, CSP WA B S KRR, BB RAEH RS WP BTN
SR AL B ST

3.4.5 Statecharts

RAEFE Statecharts[ Har87, DH89 [1EH B N#iiR K B & % (reactive system) i T
B, X R R GOE N R B EGERE, FEHXRN AL BTz EHRAEMERFNES, RE
BHEEEGERRSIHER BT TY R, EMTER FEMERF=THHTER, EBR
st H R THIR

BTN EREEEIES ,E 3-15 PR T —HEARS BRI EEIL UART, REEE
g BEAT S R KA, FARS Z ] f R B A A R FTE

REREL/FALELR, EATFBEBHRIMARENERL, BEEKATUART
B AP SE B K

1) OR(MAFF ) 1R 6 — MRS MRS F T REMFHRIMHREN. HWE
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315, RE tx _mode EH idle M transmit B PIRFERFIRE,

2) AND(H &) 3B BT REPBEAEAEXN FRE, X RBORSEHIE, B
FREMEFTGERIE, 7£8 3-15 7, FAHXREGEEREZ) HEL 47, LB BTUZE R
A top _level _uart S8 =ANHKRRE : transmitter | receiver M uart _mode, TERTSEFET,
AND &R TSR K- :

(" [anemiter | [Tecaiver N
~ N o rCmode )
oot csrt3jet
idl transmit
DD

load_thr / load = 1;
DX hokd_regoediata_in;

T _hold_reg) / load:=0 J

4
!%
!

B 3-15 Statecharts: UART BIER4H R

TEAE G A RS RE— SR A — R RHFEPATH, TREH RS HE R B K
MEGL . REERAFRESMERBFERIGTTRE, DB GaXFMERM R E, §130E
EBOA R EBA N TR E SR, RS FRAFE R IMAR SRR, SIEFMREZEKEKR
IR RSATEIE . REEXRAFFERK P AREH BHITREEH,

TERBSE RS, 2 5 A BB BBk IS E I, XEIUE X T REEX MRS
T HEW1E B A B 2 F BV O 1]

REEEEL BRI ESE . YREFWEMBL-EFOEG ZREHNE
KA TRAEHG, XUELFSBIZEBRESARMEMETLS. BESH— RN
REEXHZMA TG, SEDNHRL AHEEF AREEEMRSEWE TR, X EE3.2.7H
FHEEHANA.

HTHE -AFREPHEELETRES REBRLEXRHFRGES LWE. BIFERLIC
5 (enter-by-history) B, ¥ —H FRE, BE e A BRI R B RS

AN RS E R TR RIERERET N REBRP AR LRI & 13RI, w0
&0, BEt BB — MRS AR R ETE

REEROPEAETERLHEF BTN, L BE RN EH T R 5E AR WAT N
iSp-&
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3.4.6 Argos@

Argos [Mar91, Hal93] B—FHAFHRRN REMERALRIZEIES . Argos WERHFE
EAEB AL, CREBERMEEES. Argos RAFRSEEZEHRNERAE, BREES
BILEARRZAL . B Argos RS HIMAERH FR—BK, BBk - RELBA
AAEFHEILNE T FRE. 750, REBEPWITEEGHE BN REEHE, 0 T7E/N
XAREAFIPAEL, Argos FHIAT B3 F4-(local event) S, W EAFHLA BRI F—MEE R
FRGHER TS, BJ5,Argos R T 8 L LHLE (self termination) , B] AT B 4T H T Ao

Argos Ik S T EAZIFEFRITEH , hRA REEXT S s BAR WA T N B3R

3.4.7 SDL

#L3E 55 #6 i& 35 ¥ (Specification and Description Language, SDL) [ BHS91]# CCITT #r #
ik, F BT M G R .

SDL #iR FESH B BERE, 45 A —RREV. SDL BB #HMR ERLEH,
£ SDL , #3R B4 HiRx R RS, ©REH FE WAL A 3 (block ) & X, 32 SDL H £ E K
WS, BNRREE N REH, X P #RiE it i i (channel) 5 H AR U R RGULF
FERE, A 3-16 i, XEEELFE EMR T ESE3RRNER. XiXEgn] Lk —5 1T
B8, BEEI— BRI R, RS S ABIN RS, 8N4 RTUEE TR
Z A,

A%

®

HiE
‘ #E HEBE
b %

b b
b2
FEBE
b b

B 3-16 #EidBWALS M SDL #R RN RG RAUHE

SDL X7 # B AL X HRA RN, XREENECHHEARERP S H R —BERKNE
2, B—77E,SDL X HHBACRSYURF 4. X gl LU RGEH IR 1L i i R B
& WA UERGA BRI AHEEEE, —AHBREYE, RASIS LEHA KL,
XEBRE SDL XFATH T Moo

SDL BN HBESH — RS, B Xk 8#%k, TRTUESEEFFHME
8,48 A BT UFETFRSARERSEMIITHES ., EHRZE, #FETNERHEFTLHE.,
eb g BT RS AR R XA S U RIS RE E AN R E S Hat .

SRR E] DL R AR A B 32 L R B 15558 B (signal route) , B 7E5X 2ol B R ES,

O FNFEBAFEY S, FHEMEY S IHFEME SHE. —IFEE
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T ASE I A5 R . A, SDL N HREEA — M A BT, FEM A G S#HT R,
BAF R (5 SRR TS MBI b . SDL FRIHBITUREHERESHEEE
B, XEETT LLSE TR &, 7ERERE Ho R B Bt 2, 76 R B b (8] B8 B 55 2 BT ok 7 A i 8 5
B, 3XRETTIZE SDL T A8,

B, SDL AR IFEEB#E B RIS A E,

3.4.8 Silage

Silage 153 [HRI2, Hil85 MR H 2k T ffp 4 545 5 4 22 (digital signal processing, DSP) R4E
HAREIRE, DSP BT RS MM A SR AR, T — RIIRIE, Silage BIE G XHF
XRP RS R AT, B A BRI T RER A, TTAY KA B KA BKRRE,

Silage B FERRIE TR B AFTHR, WPIEW I RBRME, Silage IR EAFR
BAEH, Bl FREX a + 6,0 FIb Sy B TERER, TR AN R RIHES BN RR
HEWMATE ., Silage BFERH—HBAMBEURS T RBE, Silage BiXX MR R
EFHTER. —4 Silage BIFH—RIE AR, BHHEE X HCFEN R HyXLE
A T % AR B R , 418 /8) 1] R AR E 2 7 9, B TS5 007 K

7 Silage BT H , BN R TTE KRBT XM RMRT—ME, XE—EBE ELRT &
BBt B, BHERFS @ F SRR I B RT—MEL, G0 T mRIE ]

d = d@1 + 1;
FEX AR d RFR , IR EEAR AT —MER 1.

Silage EL745 # 48 4 # (array constructor) , BB H bR B TR, A, KPESLERKX
1B 29 205 B AT AN B TR, TR AR AR | S RERNEBEE - RIIRDE
R EBR— 4 EAR, Silage FEA B4 3 % (decimate) Fl A 4 (interpolate) X F i HIRAE,
A4 B3 A FME S R AT NS . Silage PRIRERE T —HE X, @R R
IR LI, Silage FARIFEPBIEBSHROTE

HF Silage BAEI—FR BT RIEN, EAXH—BREFRINEFTSM. W mEX
Bk, B RA TR REREMRESHE, WA IFBRAIT AFR F AL,

3.4.9 Esterel

Esterel[ Ber91, Hal93 | R—MAFHFERMAENRSBRFRITES. &5 Nk, EEE
FAT R 528 GRS AL D R G FaE .

Esterel 55 21T £ £ Bl #18i% (perfect synchrony hypothesis) , Bf2 5 RS B2 B
EMHERAESHE], #24%it 4% H7E Esterel PEREI TRIFH R, ERAE #) L REE
A 3 5E X SR A T O, I B R R AR . Esterel PR T EIF
W FEAL 43 L R 3 3 FE AT B 1R SCER AT AR O A 0, S AR M AR T X B IR T WIS H
155 X R4 X - GE5EERI %M.

Esterel & f:8 42 Rl S S 69 Bk LB, At R — N R 05 SR SO BT
AR IS, Esterel $244t T SR A0 H R ¥ 177 8, Bl 40 watching GE

do
- <iEE>
watching s
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do-upto i&H] :

do

<iEH]>
upto s

AR trap i8]

trap t in

<iBF]>; exit T

end

| await s; exit T

fE_bix SRR

AR RS

B 7E Esterel A B FEEX TR, FIU0 await i54], i1 “await s.” JRIE M AT R SR
(halt)iB4], 34 EATE ] AR 2 .

WMEH(EE s WEMRERIHE, XEEANIHEBL L ENIESNEARBPIIT, EX—
3.5 SpecCharts

ﬁﬁO

PR E B EE . BN, RRTHEE T 1E watching B do-upto B HRIEAI B LS A # 1k
3.5.1

BEER

AT , Esterel A& A IR A5 5 BRI W4T MG H, R ILIF SE £ A B & T i
7 3.3 W AR R IR IR ST T BES , ATTAT IR B BTH 18 5 B RE W E

XA, AN SpecCharts I F , B8 T 14 ST SERHE AL 2L, BEW HERE S LI
#74 B H B PSM LRI B2 PR AR L o

SpecCharts [ NVG91a, NVG92, GVN93] HEAl RS 2 = A B B #2 A K & B program-
state machine, PSM) , R & VHDL B9 & . #0IF 3-17 F PR, SpecCharts HIIZEA X R A2
HHRERITHABIRMIT A

EAFi R, EE317 9, 7B X BRESTHN, HPBEAEHFEFITAX. YH
BHIMER,

SpecCharts %t B AALAT 4 B SCHRATLEE Bl B UAL 1T AR MR R G, HP BT
Z, X SEFEFATRXLM X2, MTIRFMBOEETHR, TAARFHE-THRE

£ 4474 (composite behaviors) A LB R AL AR S — R VI3 R M FAT AR — 4T
7. MFRE, SiiT s e, A T NREREEE; MY TEE, —KARH
P:ER B VHDL W5 4], i A2 A3 4 HRAE
& 3-17 PR X1 0 X2 L FH

AT R, TERATHBOEIH (5 S AWIETT Ao 76 3-17 ) SpecCharts #iiEH, X
XAT

0 X et FFATH X1UKBKE, B—FE, MFHFEOFTR, BN

76 3-17 B, X1.X2. Y F1Z BE - F47 4. HTFAARETRRAT KBRS, L6k

3 X ", SpecCharts 3833 3% B 9 7 KoM F47 R it
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entity Eis
port ( P:ininteger; Q: outinteger);
end E

architecture Aot E is

begin
behgpvipl: E typeponwrre(ntnaz;&?ehaviors )lsf. o
int_a is array range <) of integer;
signal M :ri'r?ty_anay(is downto 0);ge ¢
begin
X: (TOC, true, ete);
3 8% Eusnmey

behavior X type sequential subbehaviors is

in
bch1 : (T, e1, X2);
X2: (TOC, e2, complete);

behavior X1 typecodeis ....... -
behavior X2 type codeis .........
end X;

behavior Y type code is
_variable max : integer;
begin .
max :=0;
for Jin 0 to 15 loop
if (M(J) > max) then
max = M(J);
e ]
endY;

behavior Z type codeis ........

end B;
end A;

A 3-17 —A & 8AY SpecCharts #R

RREERIT AR, K, FATAHER X. Y MZHBLITFHABZA,
SpecCharts X H R At # ., MWERE X R, ATV — BRPIFBRIOREZ R T17
KRS S IR . 7E SpecCharts 1, A=JGH < T, C, NB>RERXHEMIK, Hf T FR
FRKR, C ERMEZTIBNELBELM, NB BREBHKT—MTH, NREIBAFTESR
%, 3R A5k fE B AR“ EE
1 PSM # %) —#% , SpecCharts B BIFF R BI KT BN, FH—F 2 % & £ 4 IK (transition-on-
completion arc, TOC) , 4iEBIRMWEFT AT E LR, 3+ B RAHR SRS , WF% 1 20 4E 1 Y
FHo SHF—AHATH, SHF SRS —1 VHDL BERAHITRE , B MT ARG R, I Bl
TEHESHETBHETNEEHE. SHTIRFMENITRH, SR E_RER— &K RBUE
NEER H TR, M E R DT —17 ML complete fE S $E . WHE 3-17 %, 4724
X SEWARR R R TAT N X2 SERRME, R o2, NS HIM il X2 ¥ complete 52
CEHERICH X2: <TOC, €2, complete™>)o BJa, X FIHRIMHITH, FEILHH (BE
05 B —EFE)FITBERE , XITHA R WHE 3-17 iR, B0, 4478 B KR T17
J X MY EEEER, EHIR RS (MBI X: <TOC, true, complete > Y: <
TOC, €3, complete>))5 ,4TH B M. BEXEBENE FEXMIFP,ITH B RELEHRM
HFTHR Z WPITRE LXK, R, FITH Z 22T R B W, HBAIRY X MY #F
BBSERS, LR B SERMEHE, Z ek,
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5B —F B IR B B iF 43 IR (transition-immediately arc, TI) , ;XFHIKFEW B XML 4G K
AHESL BIEATIR S, MAEERITAREERHE., wHE 317 I X1: <TI, -1,
X2> , Y HMH o1 W RBERE,1TH X1 2L L, B mITRH X2, BAER, B EBEN
HEA RO 1 TEAT IR A RR K FAT R . BB (timeout arc) B—FREERE TI I, BEERE
& 2 B 8] [R) B J i A T 35 4, AT R R B BB0E OB [E] BT i <2 .

TE SpecCharts F, %I REEHEBRFEREHN— N FEMAIMEEITE . BMEFRESD
ARG R E—HLATHERS, ERREBNRY, HBEEMKE, SpecCharts B PFT I K
HI{5 S IR ARG X

1 VHDL 2481, Hoh #9758 3547 A #0 VHDL P IEA B TIT AP A S RAEFS. Hh

PMREERAT EARRKTEH .

EFTAR B FAT ARG , RAERT TOC EBINE AW &M, REMN S HATRAH

T, BT HERW — BT, HPIREP] wait B8 A4 HE, S wait 5K BA N E, B

ERHRE, HBIW R FEA 5. SpecCharts S FIBAE MR, MR R L ER UL, HIF—AF
1T R B AR T RSB . B H , TN TOC WARR KRR, H HEERE

HITHHEAE TN

BIHEESHETE o ENES . NESIKIT R VHDL TR KR g, LA

SpecCharts F AT HFILAEH VHDL 78, KR 55 ARENIE, HAERBEET
R —E, T EKER

SpecCharts B R XIF R F . H—EH wait EAR K E 4 A&, X VHDL
wait until (start = ‘0’) and (not start’stable);

|8, UL - IR F7 RSB GRS

W YR N, HEFES sare TR S M FRRMER— TIIBIW, MTH B &
AT R E B3k E, BB DR E SRR H

#1 VHDL 281, SpecCharts ¥ #f B AL 4 #, BB R RARE R AN — RO H R A%
R A SCARHR AT LUFS B oo O, SE 0L M5B M A ST AR B 35 O ABE I 3-17 B, BRI

HEHRE LR - UL,

_tBaO

107
7E SpecCharts 1, #4523 2 BHE 5 R LM RFAT N 7T RAXH R — 28 B# A7
B, Wi K47 K 8] 938 15 7 B06 FifE 5 o 7€ SpecCharts #, BT LUE SGE L R % — BBI &
K e B ERERE. 8T VHDL AR FRFZER, AP T UEE P AR LRI

SpecCharts ] LATE(E S IRE T B wait BRI after T4), LI TR, X VHDL

HIALER T Be—RE L Ah, 3R BT L A B TI 83X FE#HAT#R, B — M7 R IRATH ]
3.5.2 F SpecCharts #iR R AR R4

EEEW LEERS R - MRARXREHREHE,

F—FB2%F SpecCharts T — ARG, ETREE N 3.3 FHBEBHHBAKXR
Gt RE R, GBI ] SpecCharts X i ik A 23R 4. 8 A1 75 UL, SpecCharts RE# M B 5

B 3-18. 1 3-19 FlE 3-20 4+ BI1UBH T 4047 A SpecCharts iR R & £ 4 & RIATHAH T

¥ B TOC F T1IREAT N AT FEFIL, LUk BRSES . — TN A L& B TR
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HETFAT N, ZEET SRR RAAT N B TIIRA SRR R FEENE, B b A
[108] sHMESIERIANA DA SpecCharts HiR R B AXT I,

start

zhgvior MAIN type sequential subbehaviors is
in

?’ : (TOC,u, Q);

Q: goc.v.P.(TOC.w.R):

R : (TOEC, x, Q);

behavior P ...
behavior Q .....
behavior R ...

end MAIN;

a) HAE ek b) SpecCharts &
A 3-18 H#HRRETH

behavior MAIN type sequential subbehaviors is
in
: 8:00 true, Q_R);
g_R : (TOC, trus, S);
behavior P .
beh;vior Q_R type concurrent subbehaviors Iis

B (18G: e, cobiete):

behavior S
end MAIN;

a) HiEThRE b) SpecCharts $#ik
B 3-19 WHRIBUF/FERITHO#

behavior MAIN type sequential subbehaviors is

| |

behavior P1
¢ behavior P2
l Q ’ behavior @
end MAIN;
a) B ThRE b) SpecCharts #§i&
& 3-20 H#HERE

4, SpecCharts =27E VHDL & 50920 8 /9, B REE 6 FH VHDL B IBUF 15 &3k
XA AR M, X—SRBET S RS, /74 £ A1 LUET TOC JNAIZE R Sk 4b 38,
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3.5.3 EMHERLERT

7EME 3-17 #, RATBIAT SpecCharts 1B T , FFETCIE A XA MR T KA T, 3HREFHEH,
EAEBAL RS T EES 5 BRI, 72X WS R ERE |, SpecCharts & 5 #1487 %
MERALRFR, U—Fal AL T R IR R S B G .l 3-21, RANG H 7 FE 3-17
HI3CA SpecCharts RS BB AL TR . TEFLAE LT, SpecCharts KB TE 29 %€ #i [ Har87
WAL,

e 321 W ERHER R LK, BAEPERRIZESINITH, HEBX SRR T1T
R, G kTR XTI R, AECE=ARES TR 0 X1 BTTH X
IR I FAT 9 o 23 84T A B 58 R A 48 1w 52 B A R BB IOR 58 , P Se U I SE 0 IE T
FkFm, AL TFRATHATIITH X F, FATH X2 FEHR R KM 2 MEHEH B R .

TOC #1 TI #EB YA A [F BT R 3. TOC MM IR FA7 M A FML.LIES B H K
(HNFRBH €2 F1 €3 BIN), 1 T IR FAT R A K (AAREH e1 B93R)o 110

BE, R RAXAHREREEHRFAEE, MR, XFEEHGEE bk BIE S B
o, —MREVUELEN — RS RSO T AR, o] LU RSB EHITHR.
CAMERBREE S BORA, BREENERSTH B FHEE, EEXMNFRETERA
HHEL o {8 I SCAS B B BT Aokt REHATHIA, EEEBH T ARERNTEE,

=0;
el for JinOto
# (AY)> ) then
X2 max = H 72
end if;
end loop

B 321 2 A9 SpecCharts BITERR
3.5.4 BEMAYRE
SpecCharts B ] LM BN FEHTY BB %, RITEEERTER 4N FiRnIT
IR —H I B FAT R S TR, 520 X 1B A MO RE 1 D A BT 2 LR . HIK,
RGN — MRS HUT I RAT S T TR, I L—"ME S enabled,
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2{E5 power Hon” EHE (B, power = 1) HIERES reser SR (ED, reser = 0)HT,
enabled BN 1 RYE power M reser 55 , TERGHEFHINE X enable, XFEMEEHRIEHH F
o 8 T E Y VHDL H17{5 5 REEH
block
begin
enable < = power and (not reset);
end block;

FS—MAE RN BREXRSEMT . M F— I ZEATAMEUARE MU FLE, R
BEENLBI B, H 182 E LS EUE, AR (X BT i s917 Rt 7Lk . BT
HIOLR, BMERGEFH N NEMRBT R, EMTH IS — 8 ER SpecCharts 1F 7 #
Ttk
3.6 GitMERAM@

AE B M7E T R BU SRR R R R R X SRt 11F 5 S5 M Z IR B — Fh L B 5
HXFR, HTRE——XRAXR, W F RGBS RIEWBER , 55 REFHRBEF
TREHHR. EX—FEF, RITELSE TERAMSEYEPR ST, EENH T /\AME
B X EIE T RAMA SR SR, N 3-22 Fin . MW TR AR RGEREE L6, RS
T SpecCharts & & LW REHE A 5 iR PSM BRI, BB R IFHE Nk AKX R
SRR, 1EE AEEIIC BT ERLF , HR P R OB E] R D , iR P O SR IRt D, S5 4b, f ik
F B EFEMERREE TR,

BARRGR ¢

HH RETEB | FHERYE| HRE | BREH | 3% 75
VHDL ®) O o [ O o
Venlog O @ o L [ ) o
HardwareC | O O X ® O [
csp O o @ [ O |
Statecharts o L o O o O
SDL o G o O O ®
Silage - - o - -
Esterel . O L o ® o [
SpecCharts L [ o L [ o
@ sixH O myks O xx# - R

B 322 BMEFHRARREBSRRBHNOIR
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N YERE L EEESHALBRORS, ESREBNEEZRE, HHER
ﬁﬁ?ﬂl‘]ﬁ&ﬁ%ﬂiﬁiﬁﬂmiﬁo B, B EEMAEMT VHDLES, 58 TRW
HEEA RS EWNARFE, MRIESAMUERIERN S, KRR K BHE B EEHAILR
SRS, RN SR, MERMEETHFERA BN IR, R XRENATRERE,
BRIFFITERATEMNHERHFITES. W RERXREAEAAHES, FEEIRMEE
(verification by simulation) I ERAAITH , B AR PE KBNESHES, BERED
AT REAYIE S SR B AR T K, R R MEHRIE RS AT HH, HK, RITTERR
Fr & —RhEE B Bl R R RIES AR MBS , XA H TN RERFFEETT A ShRIE

3.7 %3

3.2 W TR AR A0, C B IRIHE S X H P Ay ER Rt

2. BT RG TR MBS R R
(a) BFEFESUHIBIRE;

(b) BT
(c) BHEERYG;
(d) B2 ELHEE

3. MFI# GBS FE LA X VHDL . HardwareC. Statecharts. CSP. SDL # SpecCharts
iEE FIHERE S XS RR, 2% [NGI3]).

4. BEE 35 PHBERAERRSIL(FSM) , A RFEABRREN. &ML, BRAFR
REWMEFHAHRA?

5. RAEF Statecharts BB A ERSTIBHERLM R, ZB—1AF HEHOR
ARE, EE—BEHRE ORMMEN S MRFTRES, 8HMFRERR B —KERIBHN
(BE—BHF S MBI . BRZEAEEATE, KRS SEFTHSE.

6. WEW FEPHRESERBETLI ARSI, XA g}v\m*wﬁw

7. THEH VHDL BUFERTE o b M PRNEKIE:

process(a, b, c)
begin
if (a > b)
then max < = a;
elsemax < = b;
end if;
wait on max;
if (¢ > max)
then max < = c;
end if;

end process;

Fi VHDL #4715 SRMEES L i BIERE .
8. %ttt VHDL W5 B fABREBEANIE X . £ T MRS, mR o« Mb B‘J{Eﬁ}%ﬂ% 10

20, EIHAPITE WAED BIRE A7

—
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(a) 5 RRIE:
a<=b;
b<= a;

wait for 1 ns;

(b) R
a: = b;
b: = a;
9. 4r%1H Verilog.HardwareC,CSP.Esterel il SpecCharts %i& 5 X & 3-13 I 10 5
115 TR
10. T 5]

1] ]

1;
3;
X

a
y + b;

b=a+1;

FHBE b M BEHEN 2, W3R LR E—4IRFIEA, PIWE b Ay KMEDHIE
116 £/ MREBIEREN, 6 My WEXRE?



AT REEBER

(AT RIS o FR T | AR o 3 A R ) o e O T S R e S B B I8k
HAVEIRRE, ERRT SN — T A SR TR B A, U
P SR O 2 (B R VC AL e e

4.1 58

L L0 TR — 1 LR S AL b R T R T BT L e R T
FAH—T5HE AR FE S A AR TR B B AT Spedhars B N9 PSM &
MR . B AHR BT AT R 5 30 T 5 ks T TR S 55 () 4038 5 R,

FEA TR F 8 1L TS R A B Spect hares B8 AT T8 H R VHIDL 308 £ 26
il 2RI (0 T R i AT et L, PR T B Sped s B S H PeM {E
WM ER:, HIES FERm M Spect hars VHIL 4T Statechares 838 2522 5 508k
B, R E T I o ﬁﬁiﬂlﬂi—lmhlfﬁﬁﬁ’ch El T8 T H N R E B i
THiT

4.2 BIFHEH

A A S 00 FE A 3 9 M T B TR O — R e R LA B R M
TTFREF OB 4-1 B G R i R b8 b e

dli‘i:iﬂ
| ! I
| amm;-:_“ AR o AR !
T f |
£ 8] 2 B[R 2| = (F i

= AT i wy ) i |=.I'_|' iy
=l E| B §|-'T;_-EL. E.E":é.E |
totimmver 1 [ 1 I message {4
Pt !
il‘u— s |
S -~ |

Lxlin
CalaniT

I H §
| L S [N | |

F 4l EE R

117
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i 47 % 7L Announcement unit) FARICFEAER— N REHINLEM, BEOAE = %O,

ann _ rec: REZRTTAET N FICFRIENLEAWEH,
ann _play: $E¥ZEITEBGEH
ann _done: TR, BHELEHR,

F &1 % £ A (Tape unit) HTERGH LIt REEHEE B, ENAFEAMRO .

tape _ rec: EHE XU R B D R BIREH .

tape _ play: 3R Z.

tape _fwd: R#HFEFH.

tape _ rew: ’%i&i%o

tape _ count: ¥ HRTHFRE M BIENBBIEAIEHIE,0 REFTHHK,

PRUE ) & % & % (Line circuitry) F F PRI RIS, SR 30 , HEUTR I , He it 35 IRmM R fni 4
N, EHISS S RAEMNED A LD

tone: RENLEE ERIBIA 4 6 —HHIRENIEEETR,
hangup: LR S b BT ‘

ring: KLk BE E IR .

offhook:: TR 7R S o B AT R L R

beep: TR 7R P L PR TR SR B b A NG

B FH 5 (display) T B /R HATHH S BB RMLENWIF/RRS, O AmMRO4

message: S —#HERBRIINEEREH EAERIEVIRRE L,

light: FRFARTFVLRENIERIT, ERNEVELB I NEHES

S~ A3 H2 4% (touch-sensitive button) B F R HL A P e 3838 FIFNEE T 35 8., X N A4 35
mr.

on _ off: BB EIR MRS N FF B XS E M, Y B TFIRAN, BRAER B EL
WE AW G R , & N B Sy EmRA UE 2 E R .
play _ msgs: MIFFIRAEHEHOE B -

fwd: PRA RN B

play: M E BT BN SR

rew: PURIH BB .

stop: MPR B RBFR ERE T LI R

memo: IEFRERAEBFRICFEF ISR,
hear _ann: #EW—&EH,
rec _ ann: I ARl — & A,

ERWG ORI RER B 40 ¥ 7T R F LR A LR O KRR Z AT EAULERAF RER,
HAEYEHSEYHRE T Ao AR R FLREANROZE, XEEFRBEERE,
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BN EHLEA AT %

power: HIEHLETT K . HIFRAL T “of " AL E AT , B EHLXT i 5 RF I RT3 3l
Ve g, 3 HRAH BT BB R M B LR S AT . % 0 AR T on/
off ¥ 1, X135 1 R A 2 power ¥ KA F “on” i B I A #8578 B IE HLE B X
LRL: G

tollsaver:  MAEHREIEAR . DM ERE R “on” i, RIFYEIEREL —RFRZIEI Y
FEM B W75 5 ML (R B 1 DL IO 5 L) o

4.3 H SpecCharts i#t1T R4k

RAVIAER F SpecCharts R IRBUN Z HL 42 i 25 D REPE M) — DT BATHER . ATTE & ZFHA

AETE ST mEER P RERSHGIT N, EHSNNEEMRERR APHA
1unﬁﬁ3$ﬂﬁ @ﬁﬂn %ﬁ%

BEBNBERGMED, B 42 A THEOMBRN -0, ZHART U LEE S A
4.2 WWED BRESHRDER,

AV AU

5533 3

§
22
;7

1]

z;ndenﬁty:
architecture Controfler_A of Controller_E is

B 42 pIEYLERSRNED

B R R TR 1 28 07T R A AR R 1T BT 0, T 5 647 Dy SUTT LA 48 438 A BE
RIAME T 178, ERIX 717 40 R B A

FH BATH  ARIBES HRFR Y power FF R TF ‘off” fLEBT, B oy
EYLZ ML BRI AT A MR, HilL, EMRNERE, EHSH
%ﬁb?iﬁﬂ’ﬁiﬁz— : “Ol’l”ﬁ%‘“Off” o ?Em’lﬁﬁﬁ%gﬁﬂﬁﬁ/l\ﬂm}? power="0’ l power="1’
BITFFTH, & % FF (SystemOn) Fl & 4 % (SystemOff) , W& 4-3 Frin,
WNRIE 2 £ HPRAET power B 1, MEFHIBRHEA RAARS. —F
TIMFERXFRSTE ., L, WA —FRILER L power B, 0 i,
P MIE & G £ PR . XFERY on/off METEIFZ RGP ARMBH W,

ZUEMITHN: BEGKN off B, EATREE N, Bt 2 4 X MRS EEMIEE,
AT HAE E M A B % VHDL #3 “null” #84F17 8

RGIIATH : BEEA T “on R KT REMEHER T LA RIS 3843 “ W DL MR s A
TR R “MRRBEIE”, RITBUE REITF AT F47H: %44 & Respond-

A 4-3 =HERH
BEREXUE



68 | Fa¥

ToMachineButton 1% % " 5. RespondToLine, 1 4-4 Fi/R, A THEENIHNER LR, ]
VE R B RAR TS . “ 3 TE ML A 452 0 00 W L AR R B
7 B 4 0 T 5 R T A /R S £ T i \ 4
b A M 3. X B A R b e | B D)
ol EVRPORL o DR M R o P — 25 DA 2538 2 B rIWMWﬁmmmw

St 2 1 T1 IR R AR F BT S B ARSI £
@oﬁTﬁﬂﬂﬁmﬁMMET—¢%%%aw_\,G
button _ pushed, ®/RFTH EEiEW’f%%%B@i%’ﬁﬁ o B 44 RGFHY

T — AT 6 A5 50 5 204 45t 873 7 1 o 26—

SRR R B — R B R mwaﬁvm,&ﬁwﬁrgﬁmm R S 51 [ 5
FEAG AL o SRT , ST AT LAZE B4 BUTFAAA0 2 AR T 42 1k PR AT 4 4 vy SR ZS _E 48
— A TLIR EFRRFR S B T o o T RS 7E 3% F — MR R B B R, &
G B B B A e h B RS HOAE VAT 0, AT TR RORAS B 8 L BE R AE7E any _ button _
pushed {55 ) _EFH AL,

TE SR = R T AT B DA 1 B 2 38 v SRS O 2R 4o B FUEH BISMEERS S
SRR RS , B VBT R O R A FEX R 2R 2 G o PR AT — 4 M b o 5 )
£ 2o 521 TOC IR, BRIAZ R true” , 7 MR R PR S B 2 5 , 37 BN VB 238 RS

oo 5 BT 8 < R IR B R R R W 7 A T (LR O R N 5 R ) , TRATT5E
S B AR B — B, FE ELR if-then-clse 375/ 36 8 FH 4546 5 10 S50 BT X 5 b 55
SR W 4-5a B TER ., 24— BARTS AT 52, 30 4k B2 AT SR, B S0 AT B IR
[5] 45 3% 0 RS o

(" ®a57 B

W ) )

(" HRWN I
v
behavior RespondToMachineButton
type code i P_—_—,Iuarﬂ HandePlay | .
beg'(’pla '1’) then
HaﬁlePlay' - — MandePwd |
els;lf a(nfwdld—’; ') then fwa="1
eFwd;
elsif (rew="1") then ,_*___,[ HandleRew !]
'sil-fla:ndleRe!)Aq,)m rew="1'
elsif (memo="1"} then
HandleMemo; ) . | HandieMemo !I
elsif (stop="1") then memo="1’
HandleStop;
elsif (hear_ann="1") then ] HandieStop I
HandleHearAnn; siop="1"
elsif (reclz gnn=1 )then
HandleRecAnn; [ HandetearAnn
elsﬁ (play m; )men  hear por J——
encm~
end: | MMJ_J
rec_ann="t"
p HandiePlayMsgs
L play_msgs="1'
a) WIFFES b) & FAT AR

B 4-5 WA MITH
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AT AT LA SRTE AR R Jr ki 42 vk B B NS T IREFIT R . B8NFI7 5t m—
AFFPREYWR B , T IRER R B — AT A B TS , Il 4-5b BT R . TOC IEMNE— 1 FATH
& T8 18 4 vh B AT AR E — NMEE R SERUS . PR HGRZETHEE E S0, i R @A
DL 8 B 35 B 7 (58 N ] M B o RO R T s

K0 BAYAT N BAAIE SR T IRE, e 1AL NI R B
IFAY B BAT AR =AMES 22— “ G R IR R 47, H 2 2
THEE BARLE FECE ; “IE# TS sh” , 308 AR iHE
RIS PR R DL EE B, B P (B L) AT LU 3 #%
—RINRIEERIT BB F . RITU R X6 553N
B EE K T3 %2 B (Monitor) Fl & 2 8 (Answer) R4
SRR, A 4-6 iR, EHENEMTERENEHXIE  E46 KBEWRNTH
TESE R A BT APHR,

HIEWARA T HEUNEIZE, ENBEHR, FRfEESE, BEANEMBRA S L
BZEFM—% TOCIM, HARBFHARPRAETFMFEEPICRZE, “BiGvERHFES
Wi 87, BRIULIRAT AR 2R B AW BRI — 4k TOC 9, WAEKRBL: “GnRAEHIEN
FEENEZG ‘on/off’ IEEEGIET, WIMATAE s P IE, A iEYLE BT %0 TEL .
MTFA AW E SR EEBIEHFET ‘on/ff’ RXHBEIFEYL, MiEALSHMAR
i, HMZINEETT LA TREMFM " F—RNRE 815 B TIIRERR, BB &
% machine _on B TR . MR MFTHEVREN “on”, machine _on § S EHAEFH
“true”,

BRIEF AR PERA PHREBIXME L . 1 R IS h a8 E R F C 27N R
HW WSS s EF s, RATEEIZE EMA BEF TR AT R, 0 SR04 W
MPATZRETRE , S MWIFFR . RATT S M 2T 048 € b I S5 89— FB 4, I
— % TI MM A RAT LSRRI T A E DR A,

Bom B4 WAL LA B EESPIERNVEE. ARESHRESZ)
SRR FAAH T ERORERETREYE . “HEIENLAT ‘on’ RE, BIEHL— MBS
BTSN, RTT, IR ‘tollsaver’ ¥HOLTF ‘on” FHFHEBEIERET —KRMER, HIEVHE
WA G . Tollsaver LML F# it L IERAEREH EMHEHIDF . MR TFEH

=7, HHEHEEAHEE, VLETUEEIENT RS T KEEFENRA. ArEILE
BEAEBZEZEIEIC TITIFRENL, EHEELT ‘off RE, BENIEERE RS
Ja i,

BRARIBESHAREA AR, XL FAFREERIERNAZEURE, 296F,RixE
KA RRAEN T, B4 E LM LK, BRI machine _on 552 K“1”
R OR 7 22 A 48 J50AE Ay D 5 1 P U . 7 24 ST BP R 2

W28 AT AR HGR AR AT TR . — N AT BN S RNma s, 55— MHT
4 80oF BAE I B ESR MR BEE N . AT WITT 08 F 454 4 64 Main-
tainRings ToWait Fl*14 2 CountRings BNT47 K, N 4-7 Bin. AH—E5 rings _ to
_wait, HEH PR TFITHE A, MH A4 R FITRHEA YBARBERMLTHUS, K
WFT AR TR A 308 e MRS A9 5 3R U3 in— 4% TOC I

LR

rising(hangup)
falling(machine_on)
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(ws )

signal rings_fo_wait : intsger range 11020 := 4;
function DetermineRingsToWalt retum integer is
If((mm_msus>0)md(bﬂuvcn-’1’)md( *1")) then
elsif(mdin_orh:’f)ﬂm
retum(4);
mmmm(w)-
endif,
end;
E-X3 3l E | &K
: variable | : integer range 0 10 20;
' =0
_fo_walt <= DetermineRingsToWalt; |  while (i <rings_to_wal) loop
folisaver, machine_on; wait on rings._10_wait,
> | ) Ben
Iy end;
|} end loop;
\ ! y,

B 47 WBEBITH

We I 28 AT UGB F IR AR — S B, RE A T UL B B R gy E
Al RGR A T SR AR B T EE .

B BAT A BB ST RERGA N T  “— B RSP BRI , SRR BOE M . BN
HTE RN P e | [ B 2R 3 M5 B R TR B Rl i B K p{E B i R 8], Z
JEi B G AL D k5 W U o £ R G SR R O R A A R v S B P R, B SR L AL
ENHEEWIIF EARICRIE S . QRIS 1 B3, RS XY R IE 76 98 B0 H58 2 B 7E R il 15
B, SRR L B AR R

RATE B L2847 90 T47 8 : #4384 PlayAnnouncement . 3% & 7% & RecordMsg.
# Hangup F1iZ #2384 RemoteOperation, W& 4-8a fim. REWARE KA, RGH T i
R HAE, B RS TOC . —MRENELRESABLRET RESHER
VB, TEXHMFRT,—%& TIMERL IS, EICRHEBNTETREFEBIANE
EEERTAREY .. B—FRH0ENRERBGE AL S MR B 00017 K%
SRR, XA E I BT R G SR HGE M RIE R TE B R SE T TI I BB Bl
YRR, HBRESEREREEIBHEANE TR

BAGE 21T R SRR AR R RE =R RSB, W ARR R A 4-8b BRI =R B
ik

TR BT R ICFR—AERIERE S, AT EA#RN S RINE 4-8c fin. £—B
PR EENS EETR 2 IS B BID R B R A TS 100 BB, 55T BN 1 I B A R
A4, [RE T B T EOE N

VERE, HiR A A EA T E — R it e ng 3 A2 b 0 BURE 00 5 EE T A T BB . G SR P I 3 A S
P47 THWT, WU hangup 165 X 0", FRATHE R EAPATIC R AR I H S BB o

EARBEITH . X TEEBENBROT .  CRRENE - P REERFPHNEHEHE
1D, 32T 30 U Bk 3488 R 51 1 (04 10 PR BB A2 A (B HEAT U BR . IR 8 R UL, A TE MUK S B
LT I, B TE ML A A R A A X BT T AT LR AR 4 o7
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- . )
rising(hangup)

button="0001" button="0001"
| EERE ‘)

a) FAT AW

behavior RecordMsg type code is
behavior PlayAnnouncement type code is gmduoe 18);
begin it (hangup=
<=1 tape_rec <= 1';
wait ann_done ="1"; walt until *1’ for 100 s;
ann_play <= '0%; Produce! 18);
end; num msgs?a‘nl.m msgs + 1
ergﬁ;e =%
end;
b) HBOE M R ¢) WFE M B #R

B 4-8 RIESITH

S B R R AE R R IRF F 178 : 5 34 & CheckCode F1 44~ vh B Respond-
ToCrmds, fME 4-9a fi7%. TERZE T i P A BRI 5 4 AL TR Sa % H ALY SRS
Be it A4 4ovf BORES . RATBIA—NA/RIEES code _ ok, 5 Bk B REEHIWEMASHBIE
WS 2% E S IR “true”, X EBIIAFTSR TOCH, — KN 5 B4 ZHF A il
B ARAEE S SR code ok BIME N “true”s B — AR M 5§ Ak & 15 () 2 A2 AR I TE LR, 3%
BB L B SR code ok - false” o QIELES At & 12 o R AL HEUT , GE T — 4% TT AR
Bk F2 AR TR

b 2k 343 o behavior CheckCode type code is
hangup=*1 begin ok <=
-%Eﬁﬁ - for(iin1t04)
" code ok=0’ w(almml ‘:?31111 * and fone'event;
code_ok=*1" code_ol I!(wnem;k rm'eodeq))men
C semm__ °) oret op:
end;

a) FATH R b) SEAEOHR
B 49 TRBAESTN

B S 4TH AUBR A AT R LA E 4-9b RHR, WEFHA] DES, RELEK
B B4 AMEFTEAETE user _ code FHEGSEVCEL, I code _ ok 47 true” S B K “false” . HER,BP
ﬁﬁm@]mﬂgﬁﬂﬂﬁﬁ,ﬁfimﬂ%ﬁiﬁﬁﬁﬁﬁﬂﬂﬁﬁ%%%%%o Pt R By 1k W B A R
e ST BT RIEVLE B — AN AP R S F A ER.

4 4oni 2 MR P HE L 2R, IR RMLACRFROR . 8 4-10 BOA T SHMEEH
SR AT RRA AR EE o 7 AN 5 2 0 R B A8 W 56 TR B2 8 0 S Spec-

Charts #iR 52 WM % Bo
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aar v I
’ ( =ex )

power="1' power="0'

/frgﬁﬁ ( wﬁ;%ﬁ ( B I)\\

rising(any_button_pushed)

(faﬁmm L4 \\

C— %, rising(hangup)

falling(machine_on)

[ mun N

L 4 rising(hangup)
( mwawm _) [ eswe )] D

tone="0001" l
A

_— "

v hangup="1'
(, =mex |

code_ok not code_ok

aaw .
v © tone="0010"

( HeaMsgscmds T [ MiscCmds J
earMsgsCmds .
hangup="l' other

\ | ResetTape [

A/
=)

S

E4-10 MEVERHBNRGEHA

4.4 WK ABI=EG

T RIS T SR R T 2R BT AE , BAT A R — R R . — A B 1 T
ST R — TR, 15 SIBBUTT A 7 SE B TAERES T A0S A E , I ELARIETE S 1 95 21
EHBAE, WE 4-11 FOR, BB power A1 HEHE T on/off BRITIFRIEIL, W0
S HRE ¥ RN ) R onoff 7170 RATAE RIS, FIEHRIE offhook 717, #
BRI R TN, RS AR B R RS ITE - R RE R XKW AE
REEE LTI
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entity testbench_E is

end entity;

architecturs testbench_A is
begin

oomp:nent Controller_E
p?tone : in bit_vector(0 to 3);
hangup : in bit;
ring: in bit;
end z::omponent
— P, AROMALRIES

process
rocedure PressButton(but: out bit) is
n

<= )1 );
wait for button_hold_time;
but <='0";
end;

rocedure Ring is
gin
nng <=1
wait for ring_hold_time;
fing <='0'; "
wait for ring_hold_time;
end;
begin
— ST R
er <=1}
tollsaver <='0";
PressButton{on_off);

— A —ANrEy

Ring; Ring: Ring; Ring;

wait for 1 s;

assert (offhook="1") report *ERROR1: did not answer";

B 4-11 R YL AR ) i 25

4.5 BHITESHRAHRES

TEAG M SpecCharts FIE AR PSM R BE S 200, 6 F — T L E M HF , HHXF
FHREEM S, A PITES RERRERML S THATIEF O EZRBRE R FIR B
DIREMESER . ABOIREMEA AN BN RRE X BT ARES WHRRA S, BEXFM
S M R BB A, IR A RETHBRE S B —ESE A d
B, i F BT B — AT AT IR 2 R A A0 R RIS BUR R R R, B, T HRE—B
HEARTE/NTHNERBRIET .

“on/of " BB A TFHELHEIR A "REEA LKA, AFHBR, HEFMNLT on" K
A, —BLEWEARZIERE, Kf, R wllsaver 3% 0 & T on"H LEJILEXT —FEEL,
BENE AT BB L,

FRBERANER S — AR T X B —F R AL, BRI E AR L
FA Al BB 0L B AT A . AT AUIMALL T X L0484 «

FE4 At gt 42 machine _on R & tollsaver T AL & , JL B oL IR i E L ENF
HEEaA R, A St Fon B B A B R,

AR IR TR A X Ry = B s b BB BT AT REAOTE L, MR G B ARIE S R &
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74 Fa4F

BEAMAESE, KPR L EBBRERJLMAR— A Z BB R AT EMEHLEE
B v R BRI 0L , AT R 204 — B iR SR B k&, todm:

BABETRFHFAOAK BTREL AT AINBRNE LT rhsh 2.
FEANEFFa R4 on _off & tollsaver 12 F 8 E 4L, 4o R BB 2| vh 40, W) 38 m L 37 #9044
i, 4o on_ off X tollsaver 155 T4k, W & # 5 & & EMF 4T 2 ehvh4 T K,

XA ERIFA AR BT R

AR T BRES , TPITE T X LA W B LR E % . HBRNED ARE
B AN YT AR — B T AR B HE RIS, B REE R W R A — R AT
ik R — RIMELL, BT RS HEEHF RIS, R0 ] PATHR T R R RN &
TEMERE LA AR ] . — G TR UE B Y AT SRA TR AT AR 55 T R B AR A

R AT AT R GRS — A R Z AT IR B4 R D REE . BR
ez A FERIR G IR 2 N7, Vit eIt b i 4% R T BRI B AW DI RE R 1L o
A0 FATTAT AR AN T (A1 2 TR B4 W Z J5 H machine _ on 2 0 RP K A4 77 IR
B m] DURE B 3t [B1 5 (B0 L PR OU AR BB o R T B SR1E & R BE A A ELEE [ B X AR
(2172108

KA PATHIR I 5 — D EF AL R AT UL R T R — A RIE R R TEE . P X
RT3 985 77 B AR R AR AE B /5 S B B BR A D BB P S R A S5O, 3 () A e, R BR 5 B Y Y
BB BOR BRI, R B R KRR RE M BT A

4.6 PSMERIFMHERE

S B il 28 9B U5 BH , A SpecCharts i& & K& H PSM B, 40 3.3 T PR M AR
REMAD R IATIRAE S A EIH .
4.6.1 BXt

FOCRA A LW TR, Flin, ERSEREBANEERMT IR, A5XH
A%, RAFXPHBENILNFITHN. HFANIR R BENTMERZRE, 8
RIBH ik tam TR kM. SpecCharts 2« S X R R MW X FEFR AT LLK B RIEFHIRESZE
WHER T (E bk 5} % SpecCharts BIZEH

4.6.2 RKEIH

ERERGAT NIRRT H, A— T AR S A, RTTRSEB AR IESEMILE, B
W, BEAT RS A TAT IR B AT RE MR . X RMIES 1L M E B IR B B st
A SpecCharts FEPRATEBEEW , B AMEMAT HE T LLERIB B HMITh, XFTBA
B IRUEE SRR IR SRR SRR PR HE & AR R 1B 5 BT E SR IRRE . RN
B E RIS TE BT ERE goto 154, (HER THRIERIF M AT SEHERIBRAL, K Z
BB S A L FFZEH]
4.6.3 BEFigITER

HREAIT N R AT X EESE S, Fll, SERET A LU &AM
BHM-LITEERER . BT RRBER—RIRES SR, MKSHEELEM, BiiTa] URE
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S gt R SpecCharts HF B IR FF R P T45# o

4.6.4 1T

FATE BT BT A BB I AT AT 8, A4 F #7614 (Maintain Rings Towait)
FMivf1 43t # (Count Rings)o HRAZREIATHE, MIFHATIT B AEAIRTF#R, XFHELT,
17 R0 R/ NBIE AT R PR LB R IT MBS BEAEE E A BT it R 0 i
#, B TFAE47 A1 SpecCharts FIEAT 2 K #0183 4% U S R 4548, Bl F it &
PR IR 5 b8} & SpecCharts F—P IR EIT N

4.6.5 REAAE

ERETEREN EHEREREBRFELE, —RENBREREMEDRRE I BIAL
4, [Al 9 RO AR R DL TR BRI R . 8% EINR S B/ ENM B EIALE . machine _
on {55 (1P A T Lk BRI 17 B4 ST BP IR R . B TE DL b I — DR L TR B R G TR A B 3 B
o BJG , power {55 R oA o 75 S48 I 8% (19 32 BRI W Rz

R TIIMGSWAT LA 5 b B % . (B RE SR AR EZTREM R EH O, B2
FEIX 86 B P E SRR REMERY . R, B W R AR AL E B m4e € . IR FEEE
H AR ZEHAF , W] SpecCharts 755 BB KM T1 IREA L 5emi WAL

4.6.6 TH
HTFREXARRRNR FEREBHT , RITER RN FITHZR, EFITRNZE
B EFFTRRRETE, B, LB NCRES , FRATTE MW 28 52 BUAT 8 L A W I 25 2
BRI, TEREHSE D, WIERAT A AR N — RIRFE R EE -4 THNT
FiRo &R B2 RRERALE R MR ZetE, TS B ER9IE E N IRF R E 2 —
HFITH
4.6.7 RESBMEBIENE
WA, —MT AT U R N T ARERF . NERLKAERE , XPM T
AEThEE FRENMM., REEEET L AmkATENET R, EFF, BRINETHE
sl AR R BHRAERE, WA R AAFREH RN FITR. FIAXEFEEMRER
B, RE — TR REIHR, BB TR A EA &I5H, XU THRE LR,

4.7 I

ML 01 7 5T LA B0 SpecCharts KRG EIR AR RERRRFA R EWREZ . BE
T, A5 B) R GE R IR PRI AN , X R e Th REPE I SRR 2, R B DY BE R SR A R AE T RE
&, BATEFALANLRRE BTN LB F A SpecCharts Fl VHDL & 518 2
AR RGBT L

4.7.1 REHRBRIIIRELE:

AL R B 92 3L A SpecCharts iR 78 SR i, Xf FRECET B i R G R B0 L o 4%
BEESWE , MR EF— LR RGN AREBES#E. WA/ 5 H VHDL A Spec-
Charts BATHIR . T HEXT BN/ B3RS 12 BT 16 B 0 B B] AR S8R O SR T HE B

S RFER—ANSPGEREM RS [ LHHR2 ], ZFTUEEZRE, — T HE
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RE—NTHBEHIBEAREREG, 5—FE TSR UMINFRERS, TERR T ZRALF
HTEEME . B FREIRE, RNREEEFHR T - U7 RaHE. ZLEEEFEH
VHDL, 5 5b = 2 1# i SpecCharts,

Kl 4-12 Brn BRI B E RGBSR L . VHDL /NH gy @t a2 5 — 4
B 2.5 65, A, B~ VHDL BEURE R P8 FE— N ERWERHE R, ZHRIFEER
G Xt AN LR A N AR E . X MERS VHDL /NMER A 18 )G , b1 U B & E At
T RGEHR, ERAEREW N RE - EEEBIE T %48R, SpecCharts B T 3ZHPIK
SEBARE LI, BE A E AR

VHDL SpecCharts

SRR (4) 40 16

BEEERR 3 3

B — KA IEGR %R 2 0
1

0

B_RAEGRRKHE

B 4-12 REMARERKIGEHT

4.7.2 RGHHRMERILE

BN SLE Y B TE T 3887 SpecCharts 28 45 16 3R 76 5 B8 A Yk 77 181 #H LL VHDL Rtk A9
i, BF—AN/NANEEE MRS VHDL #38, 4 F B —A /M SpecCharts #iif ; &
AN B B LA X TF R THREMIRIE . BT s Hodk B8 IR B9 N8 /N R 5
THAE TR BT A :

PR HIRE ) 2 — > LA K P 3 4b 8 2§ (ethernet coprocessor) [ GD92 ] —#B 42, % B #) HDL
BOHRAT UM REEHE, RINVFTURT NS5 IS MY SpecCharts #iik , 4
VHDL F1 SpecCharts #R 4 H 4 F=£8EE., §MAEBRBRREHBON AT TR,
TEEMZIE , A AEREZ A F R R RIS, b in“ M {E RE (5 S kAR AR AL E ¥ R A A
LA AR R E DA FFT Y ER v WABRERMH A

VHDL ZR G5 R /N 0 B S — MRAT o o T A2 of (6] R - 4 B B 9 = A L Ah, A T
A AR A2, SR T {8 SpecCharts B9/NELTE B [514 T BT A W ) &,

4.7.3 RGHRHOBRLLLE

7 81k SpecCharts, VHDL 1 Statecharts #LA& ffi iR 2 [H] 2R, AL — RG]
F=F0iE SR EE R T HEHR QLA R T E

BB R AR ARG &L, 451 SpecCharts, VHDL H1 Statecharts M B #&
EEHR PR ALK, 812 THA VHDL B, i — A A i SRR ALE i 12
0 B R RS R A R UM I TE 5.6 TR B — MRASK B IR G5 R IT o F T B9 Y
RN, BEHR A — T PRI

M 4-13 PR R4 8, FE VHDL #REFREHER D, RFEr FREIFRE,
SRR MR 4 525G W3R BN (] R B R A I . SRR AN F - FER LR B 1,
i TR R R ET LB R — R AR SR A — PRSI E 55— R, T FF
Al BG5S RIFRA I TR . TEFERER XA — RIML AL B — N FREBUE
R EH N ERAIRES . X F BT, RERERE, EREERMBFER, Eif—
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¥ R FERE RN, U EX=SRESBFE VHDL #R KX F B KA R Spec-
Charts 19 4 5 4H -

e VHDL  VHDL
e SpecCharts  (4}4%) (P48 ) Statecharts
BFREH 42 42 42 32 80

ERETB LM

A 4-13  SpecCharts, VHDL il Statecharts i H4%

BEwibig VHDL #R AR E LA MR ARSI, AR 84 MEHIES, 81
BRERSFHMES, AT ES M HBRPES . E5XEES, I bz BER R E I I
FEiE A FR , th S B PUME SpecCharts X FHE ., R R, #BRNITMXFRRBE, RAWH
PR EARIUR (] BEAR A A A4S R 0 BLER A, R R RE, WifF VHDL AR
A GAHAR A B R AR 32 SpecCharts PIFE 2 A BOHA R o KR INREAR T PR K]
BEHE , th 5 R4S SRR I REBLRAL AR TR EEEM I T o

Statecharts Bt/ R iR MG BAEX I FH R A o W T AT 8RR F R
SER A R S RIS 38 , Statecharts IR & T 424 F SpecCharts 3R MBI 1R &
BRI SAERE. HREABF BRSNS, AREMIR#ERARF T EAWEER
BEFIR BRI, B, — 8 for loop BUAMME I Z M REMICKM R, ER, BT
Statecharts RZEIEALRIE X, A € XATHLTF o

4.7.4 &itREILE

AR B H R BIF I SpecCharts Bt R EIH AETFN B R BT B H=EME
Ho FATH A B RIE S REHR P A BUA IR FIM SpecCharts ZRGEHiR A BB BT BV &
REREET. '

LH R BRAEAZNBHNEN. BT AREBTWHEBTRATWARITE, KP—
(37 3R T BB A B8 B B s B — PRI & SR SpecCharts SRR GLHE , 4t
TiHEAT E B2 R BTF, 5 MBETFIS 9 SpecCharts 58 o A B I8 @ B A I 88 o LA L PIF
510, #BR Fl UC Berkeley 9 KISS T ELRH- #2428 A AR YL FSM #iRSr & BB B

B RINE 4-14 R, B4 ARRHEEJLF—#E, #BR2 30 /pif, HEEM Spec-
Charts iR HEBIHBRA R M REERBEFAAZTANERESHAPRINEE, B
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£, F SpecCharts 8 8K A FHEE D, BA R FARANEHRER L, REBOWER
W R BRIEBET REHRNETE ARSI FSM kKB IIEE, FSM B H#iR R4 Th6k
ME—IETR AR, b T 7R R R AR A DL BB M IE b, BT E L AP FSM AT i,
XA B B SRR AR R E R BN TR RS G H A — RS, BAXHEHSRE L
HRUEWMER . 55— , SpecCharts 11 | SpecCharts #R#ITINEEIUE . M5%in
7 FSM U5 ,FSM AT S —RARE IRK . X M3 B P37 TRENS I, Hii4E
BIBUNFE T E

MERES M SpecCharts

Bt R /R
B RASE 3130 2630
B R B K 2277 2251
BREESH 5407 4881
BY R 38 38

E4-14 BITHEEMHE

4.8 %ig

FATPATHRGERHR LA A AREBES KRB ARV RENHEREEZHMR A EFER
THE TR A B R B % R R B B M Th B4, AT X 15 MR LB 5 6
A PAT B R G AR 7T AR RIS AT IR, th AT AR 5 S TR B 3hi%it. Rkt
AN RAF R SCRY SR SR A . X2tk s AT LA S BCE 1 A3 T Het R AR AR 7T B3

AT RIB RGN T PIT RGBT & L 0E S8 B ¥ 5 BT LI
ATHARENB SR DIEE— FFRBUZERIMIES . X—F U T PSM #AFI
SpecCharts i & FEAR U A 2R G0 B D) AE 1 14 7 T8 P38 FHE o

R T SITHAR RGP SRR RINES, —ENARR EHRBROME
. BE RERELHESEM AR, BERBFEZENERS, FROESFH R
FEBHEHNENABFRITESHNEREER I CIEF. SHEFTESSILAR
f# , N RERS I/ D D RE B3 B0 45 1R, IR IF R BT IR, ZERG T A E, AT RITE S &
FSM FI¥UB B4 ER . 437, EACLEB I T HITHRIES W VHDL M Verilog
b EREREAXAIE S T MR R AME KRG NER . ERGFE, BEEF L
ZIRbF A SRR Z R, BlIn C++ XRFREROER, AREARITTE, RRIEF
BasE R, N7 H PSM AU SpecCharts,

4.9 %3

1. K& 4-9b FRISHERERAERREINES ., ZARTEASHERR?

2. B YRTHNENITHRE 4-8c FIEERICRE AR, H tape _rec = 17, R power &
H°0° ; AT RE(E tape _ rec ZE B0’ HIE B M FHISE? (BRR:SEMZXBHREX
TR)

3. Fi Statecharts SRR M BF1TH -

4. B VHDL.SpecCharts il Statecharts 43 Fl##iR— B4 BHE 2 FIHIT I RER AT B2 CPU R
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#EL U AC &R, BR EREMNT, EBRAEVTLURSER.
5. MRREIEEH A ERSHLBZ BN FEX . B4 B8R A
6. F SpecCharts ik — AR FAEH BB FAMNEVLATIRE, BXIE#RMAR
B S IR RH#TT R,
*7. F SpecCharts Fil Statecharts K — 3@ T = Hl 88 o
*8. Al PATHIR G AL ST BREAR T LLE DR KAE DI BB A IERA T . B —FPBIAR K i
& BRI, BRI I RS ORAIE [ AF A% A SE WT LS B RIRE A% | BP £ 45 Y
ERNEIENEI N
9. @it—MA R B RET IR R BN — M AT PATIR RS HR
10, FR—TBRESHFE,HFRNEEASERNBE T ARMERE N AR
K17,
“11. BRRGAHESRETTIITH R RHR N FEREMEN. AT, RS /AT
MRGHBER RN T HETEE, FA—EATEE. MR- T EEMTSEE
YR RGERR Z R AR, H B —F 2 HEX—FERATHRAIN,






SE5&E FRIRAR VHDL

FERE RIS, I T RPN E REER W REHBIBET IHROKE. &
FHR, BIFIES A BRAA BN LR, AR RANESEEENES
e i 53— Fh BT S T RAIE 5 R U N Rl 8

5.1 5|5§

FHAIHITIE S 2R RGP EN T REBKBRLN Bbr, Bk, XMIE ST LMER
F i A8t (conceptualizing) A, EHREE T —F HE LB R, ol U LN ARBHE IE
Mtk , EEZR, NI E X ARG FTHE RN LR e BEmEE, Hk, BiLR5
ERES RBMkKE , RINMEBARKNASERHAR, ANXFHEX LR, FRTPITESTHT
HRGHARRET NI LUAESFEERAN K, B, TPITESTLUMEREA T L6
N BB R GAMBIET R, —MEBBMIESMIZFENEZH EE 3 4B, BRE
WG T HAEI . 26 EF kUL, 55 3 > HinFAr A8 2 7 AR Hb B, R PRHETE & 4
BMAAREM TR, AWMETHAN B, R XRHRHBHEALERE BN S B A (con-
ceptual model) IE & A BELH, WS 3 &,

BE— 1 EEECLENAERERE T SIS R, AR, X —
BMIMEES RWE RS, FENE, BEHFAFE—MIRHEES T LT 2R
SR ENMEYE, #0225 4k S U (program-state machine) A LA 2 1 A 2 3R G B i O HE
SHER HERKEZEEES (B0 VHDL) XM EHF ZIIFER, REAEEE RS
3B B SR & — TR BOAR R 5k, B AR R I B R fth R A R T 3 R+
s —Ff

1) ¥RAIE S (standard language) X =N F R E A EE, SHEH—-MCA KRR
S BRETREAR, S TENER R, AR EE S DT ST
ERMES A SR, XM FEREETHA %, AEZES AT & it
B ERTUY BXES CANLRERM NMESERAEGHEASH— T 2FHNEECAN
ER, R, 285455855 . BAEEEIABAT REFES RENICN. &F
FIHEMER, I XN TEAMRES . BN AFELIAFHN TR, 8 TERFRIFHHE,
XM EMEEANRS, REEMNB SR EENEE RS ER R AR RE R
BT W, R RAERBR IR , 45 018 R U H R ME LA DR e AN BRA , IR T PR A&
B R, R SCRY AT 3 . WX X BV, B EES SHEHEREFH3TH
PRI AT E - :

2) & FiEH (application-specific language) : FE X ik, i F 5 Ir& EHBLSILEERL
XN AES, BMEXHES RN KRN IHTAMELIEAR RIVRXMEFT I
AiEE . R RS R T MBI R ANE F 2 (878 R i A VS FC , DA T 5 B3 A AT $h A7 18
SHRTHAS BAR, WHE AL FISCRY A BT S BY o X RN B LRSS SRS TRGE LM
23 EH—F XUHFTASCE LTRSS, TEAREFARMTE &5, % I XMiE
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ELA - G EIE 2 PRy B ZE Nt )i p e =

3) BT#IES (front-end language) : XFP T A F RS T L EBEA T ML S, Al
B AT S AR E S R SR, XN, AT LR S TENEL
AL RIE S I8 5 RS AL RSO B . SR F LR Br iR =, NI
BEAETHE, IMFEFELH 6%, BELITAEHESITHENREE AR
¥R, XM FEETEMNBAREEFEEIXMIIWNES . WRIWRESERIFEERES
PET A, 2 3 Rt I BT A4% % . 410, SpecCharts J& VHDL BIY & , X F k& #%& VHDL K
A REE L/ AES% 4 SpecCharts, B 5-1 ¥6$tH 4 VHDL 338 T SpecCharts 40/ 4E Ky
AIsIE S .

MWE— M EH E, ErEitie i H VHDL SpecCharts
75 S BR  Z 6 R A T PR i S
WEW, T, TR B S SR W ik
Sl TR, MRS HOR R B "
G ) — Tl A A A R 6 0 TR 5 — R . %% |
Bk, R — A KISS B #RIA [ . VHDL 5%

PRk A #L( Finite-state machine, FSM)##ep | T# il Ll

i CiIBEF R, LIS FSM BRI 46 iR
42 4 A (sequential program model) ; X > TASH
#E MR KISS fl CIEE WG I KKK, 55 HE 51 VHDLFHEF SpecCharts RN RISIAS
—AMAFRIEA CIESF AR FSM AL :
H SpecCharts #ii£, MEBITIES i, K81 C 155 % H B — BUH SpecCharts
5, SpecCharts B4 SR RE— M EUT CERFRIIFERF SR R AR KT,
BHM CIES P& H FSM # 8, Fi#l FSM % 0 i 72 IR A WL (Program-State Machine,
PSM). SpecCharts iI%5 54838 = i — R F14TH CRZE) FIINEA L, AERALERTHAERLL
BRI EA SN R EHA RS EBRER,
FEEENR R AR X E AR AR ST RS HR AR BRI H
FEHLH., Fin, WELHE R CiEE MR FSM, IIAB % FSM FEhE B RBTRIT
B AR LA R E S FE R, £, BARER A B MR 7ET G L% M.
R AR B SRR, XRIMERBER, B ] R R i A oAt T
R e, AR LA AR EREE S RO . 8=, DAL R 2L
RHAORR, S HEERNTEENTE,
AEWHARSETOHE S TEERRS —HEAHERARAR. SR, 2FiRE
S, A 6% BT BRI A 4 A, BT L R OC Bk WA E 5 3 R K A% 4- 4% & (concurrent-
tasks model) OB A o PEFRIE BT S HAIE Jy B AR R A X R R AT LISE IEEE fREIE S
VHDL 3£, [F] B 8 55 —Fiifl % 8 AR HEIR & Verilog X HF. B RIhe A BRI RRRR It
RAFSAER, RE TS I RS VU BF RAE ST IREL,

5.2 REIEB
RS T RIS RN — M ILE R OER,  3.2.2 BT, REEIBE
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B B8 R BT & R FE R R [DCHO1, AWC90, Hal93], 3k Bl G s — 1
RETE, B MREIMER— BRI, URPITHAE AR —RIND X, T HEHEGHAR
TR

&l 5-2a #ARRAE P.Q R ZEH—ARETH . XETB A AR EM 8 — A7
A, I 5-2b i, EHGEEP REA—NEEER, EA=ZNTRE: P.Q R, ¥
WB{EN P — D ERIEIR R AR F] 9 55 T8 IR P, A T —1 case 18H], H
MEDRASMERENIT P.Q 3R ;5 H B B AR SE, K BINEL E i &8, ANYRTRE
FHET — N SR

stat is (P, Q, R);
anneableewstat(e_type)P:

loop
case (state) is
Fh wh( )

state .= R;

a) FReAREH b) VHDI NEi/FEH
Es-2 RENHER

BT PR SE R WA B DHERE, RIDRBEPITE R MHERE T, RSEH P;
WITE P HESHEARI BB — case 2330 B FREEIEL FRM o MR « HE, REH
Bl Q;RZ, REEMH R; TRIK case BAKRE, RIE BIBEFBIFF IR B REMEN
Q,MMFTE Q WIBHIEMIRT LIS A case BRI 3L, XBPRAXER P, RGEHEN T
®o

ERBBBRBAEHTERE . AW, SRR H R AT IITREE R &M
(communicating state-machine) . A LATRZE 5 #b3HX 638 5 R S VLT AR, IR 8RB
BIEHACHESZ L IFRET2REEHITER (B VHDL F#fES).

HoAh O A AL AE R AR & R AL 4k AL (hierarchical state-machine) , BT A FI B i B #E1T
i, B, —RpB AR BRI AR S BURUT B4, R B A B IR T 55 —Fh SR R
BREEL, fi—MEAR, MERBEESEAR, RATRM T EREH LEN A MR SR
Ao EEHTE TV, A case IBH— M X R RREMHE, ATMERKLREHLF X
ANy AT SR R B — RS, AE T RR S & HEIF R case 1BA]. FIBE 5-3a 5E S-
2a AR (2 P BIERASE R — MRBIHBRILRE . U EH#E R 5HmE
B 5-2b T REGIRE , IFARRIER : P B9BIE BT B — RSV S B BT B, B S-
3b FR I THUT P AR M HMEIL P SR, BB B, AR 5-2b & P BTN

258 Mo
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a) FUBRBRAREN b) BEWARE P MR
B 5-3 BEREREREHIES

=Rk, ERRPEABAR D, BRACRSIFEL, RETH RS, REHEFE
PR VLB BN 5-2 P Bs MRF IR AR . B, w7 LK B 5-3a P ECRSHLT- H 1L,
B A E 5-4a IR IFRESHL. RVE AR A BURE 5-4b FEERIR.

BILFBEAREH RS BB BA MR R TT LR A 5 #0601 ) 15 ) R 5
RBHLxT B , OBV AR G , T ELIRA B0 A AE . 53— 7 18 , T J2 P T AL AR 9 £
BIETFREBIVTE RS TR BB FE 8.

type su:sggan(o.n.s;‘gg

a) FHEAMREN b) VHDL MifFiEA]
B 5-4 BRFEIAREIHLR

5.3 HEfRRIEE

{81 FH 74 B 4% 1% 25 # (message-passing construct) &8 T ARIEFH ZAT N E B R BA
S 75 3.2.6 FHE e, e EAEIE T, BORE A Hh S0 50 H & % A
W, DORPIYBAEREHITT AR BB A XA EHIES L, f10 VHDL, Ft 2R R AEE
T, T A X A B A SR i B BB R SE B Ak ™ F“ H” o '
5.3.1 BEEXHLIMFERE

£ FE%E X, 7K & 4% i# (blocking message passing) ', 4 Bl R X 2 L S BN B # & UUS A #E
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BEETHE, 2 5-5a PG F UL T XFE BA RN R, Hil chan AITEBRBRNIE,
HE PLESXMEEHRER msg REBREKE, 3R P2 BUCXEHEIITE n, B 5-5b
HFEHENEAHR, AeRZRE VHDL #E SRR chan BFE L, F BB T HA
FHI2IRES  chan _req , AR chan AT HIHE ; chan _ack , AR chan FHITEE
BEgkiEt . FHEHL, XY chan HIBEBRIEMST chan _req BIRMERAE P1 1Y K EEME,
B, FA%FF chan _req RS chan HRBRAENRE P2 FROBWERE, XM, P1 ESE
A chan FHIHHL '3P2 FEFREEBE. BFERGE, P1 HEREC gk, TR4k L
AT

channel chan: integer; gcéwn;l Chchanen_r;q cha:L_ack boolean;
P1: P2: P1: P2:
send(chan, msg);  receive(chan, m); chan <= wait until chan
. chan_req"igtrue m <=chan; o
wait until chan_ack; chan_ ack<=true

ehao_ <=false; wait until not chan
o chan_ack <= falsem

a) R BER b) Wi FEX AR
B 55 BHERN B AR

L FERTE NPT, BB ES R AR B AR, MERLBRSEREN, AR
R, FIAFR R BRESE & HiER, HF HESHREB ORI L NERTRHK, Sk
SR HY BUS BUNIER

EREBBHARGEEZ AT, BARE R T AR AR, (AR B A % Fn s i
B B M A S RIR AL, AR AWM . SRTH, RATHT AR5 HhH0 5 2% i i ity 45 ¢
SR R, TR B AT ek, AN 5-6a thARAE T SlEH XNWESHE
H— A DR, T L — SR AR TR, EXMIFh, FHT —MEFEE inte-
ger _channel /AIE=AE: — AN BB ERHE L, BN /R BB R R FHRAB I T, E
M T —AEEAE send, CARNTSR, A HNETEEMAMNE . BUCIE receive I 4
S52¥e, ATXHMTBRMERERE, ABEERF U — MO R A REE, FMALE%/
BB, i 5-6b HTR, EEBEENRE, EXMEETRT,. e BN B HRSHN
EEHEETHERHER(LLEE 5-5a f1E 5-6b).

type i r_channel is record
o
end record: '
rocedure send sl chan : integer_channel;
P (chan : inout me%er _channel; onal
msg in intsger P1: P2
nanmeg <= meg; send(chan, msg);  receive(chan, m);
wait unti chan.ack; ‘ - -
chan.req <= false;
end;

procedure receive

a) 4B b) B TE R1EiE
B 56 HELBHEHR
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MREBESAGFIBELMWEM, % VHDL, WA LIFE B BN % K send F receive Wt
B, 81 EFEAARNEBEMEREA, S0, s AENRXE/ABREEE—ME—KEZ
F, AR X B 53 B R, B0 send _integer Ml send _character o

5.3.2 depREHRIERE

3F ra & X 74 & 4 # (non-blocking message passing) 5 BH 2 H B 5B B X HI7E T JERHE
R B 1533 10 K% B R I 5 (BHL2E) B0 BB B4k BT . HE B RER — 152 m
B, BN AT RELE R I — RO REMEMRBERNE ., EXFERT, BT — RS
B TAE 43R K% I — 25 1 BTSN A S o, 45 AR AT M BA S A IR — 2R B . LS BE
B 2230 15 3 O 40 , RS BCTR AT 9 2 b R LA B A 3t 835X A BA B

ST I, R 57t TR B AR |
BAF U,E%—ﬁ‘?ﬁi&&?ﬂﬂ@ﬂ{ﬁo Fﬂﬁfﬁlﬁaéﬁé pmvgr??ble msg_queue : integer_queue_type(queue_size);
T — AR AR R R (g |
). M PLE) P2 RAERER SR R | T
A A P1BIBAS R A L SER & 2 FIABA | QueveAdd(msg queue, chan.send_msg):
FUHFRE] P2 (PRI, Y PLIERE LR, | oy o nandshake
BRI BIFAS SUR MBI SIS, % P2 | woranreomgien
R, BABY R BAS s R — 4 B 36 | chanrec_ack =true;

KR K%, G R LB R, L | o

FEH RSB R ENIE, RANELRE KIS [

TR S 1 R IO SR o oz 9 AV, R ‘ RS
B TR BT, A R, ss o TREtEEmEIE

o B B RELEE R A 3 R R AR E RIS AW B, B % P2 B 1R 2 A A 3h4E , B T th 14 3%
WA AR RN . 5B H T E S REER/ B TR, X R L2
9, gk B 1 % BR 0 MR AR 5 3E M ZE A UL

AEEEMEEEERANE BRABIMES, — 4 AT RE NG BB E, 5 —4
T BAD SRR A B8 2 1]

[ it 7 9 T A 2 < A 43 R T LA RS IO FT LU BSR4, BA
57 B R Sk, ERE AL B A S R AT B S B B R E B B . R RS BAFI R %R
Te55 KB BN T4 R TT U ABO1 ] sh A K B & I KN B AE, XAREE
g, N SR BASIA B B9/, B R AT AR e , X Bt & 26 TR SRS P 28, B B Rk
MBI o B B

[LGRO2 iR T — R Bl I B 0 BAS B i, KAR S R ENE I8
HIE— A R BN SRR, TR R A E S — R,

£ FRTR , HEBH 2 AR PR SR AT B 4 M R SR ML 5 4 B0 B A T ARl
(SRSt , AT LARZS 5 o b 4 35 B et AR o

5.4 H#%&
18 S AERIERT] LA IR I R AT K. Horh g Sl A A i SR WA , R 1 1R R MR 1R 3F
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BB, HARMER R P ERIRE S s TSR, REREFR—1EE, TH
W BA T4 33X B A (6] B H R R R B R AT AR A

5.4.1 HER

EBUE R R, A —HEBRER R AR Al BRI, 10 3-1 WArHE# . 3
P I B e R P 18 ) A WP B AR , — R B AR S 481 B o B 068 P — 1 AR (B R R
AR, B—RB AR BB R ERVE M — R (REHREEAR) .

TE % 48 77 B # 42 (one-process-per-graph) B AR H1, 554 H i o B R Fo ik IR R A 10
PR, AR —#BRPIHE, MEERMAREDIAN , BEEFHTEARHL . 265
B, % B 5-8a PRIBARME .. WA TR A, £ O, MHINKSE RN A E R
A K —## 784 Op , S H Po B 5-8b JiZaX AN S8 0 B 5 e i i 72, 1B R RN (B
sum W ERES O, REH Op (sum ,K)WERRES P,Op ER— 1B, X4 I.J K

EHETA, ZHREE L LR TRE,

! J K signal sum : integer;
a variable sum : integer; :
sum, O<=I+J;
sum= | + J; waiton |, J;
P <= Op{sum, K); end;
@ O <= sum; .
m"‘?’t“‘”""(' OpProcess: process
o P wakonam
end;
a) RGEIEHRE b) B R EHE o) BIBERBIEHE
Al 5-8 BBk

A —Fp ik 2 {3 ) #&  # £2 (one-process-per-operation) F R , B BRAE R R — i
BREENEEALSRES R, 8RN ABENEL, BB ERENRITE
PR s . B 5-8c BRXFEARN—ABF. B AddProcess IHH I+, HERBRES
LRMEE sum M O, X I 3 J At BE 3B, M, 55— % OpProcess 8
Op (sum , K) B ERRELWHE Po X sum K AL, EEHIERE,

XERME AR LGSR, S TAENEERA, 8 TR M #EER, #RERT
E AT, REEBFRNEH. MRICEMRERB—FE IR 2BEHBEARBL
B R R B B — R RAE Do

ALY X S AR , B KA 38 A B B TR E . B WRALER It B rh OB A AT LUE SR
B ABAETE ., WESHERACR ST 2, e 7T LUR B 2 RS E B PR, &
FHBIERBEEAR D BRI RA S RN TERRE R R, e AS, BE8REH
— AR, XA RE T S TR R R SRR, SRSYURR, RERRIT
ASTETFHUR R BRI BRI R BT R o IR BR R B Z BB R

B R RARER ARTE[ TLKOO A, XMW ARLE  5SREHBEBAMER, T
BZATETFIG N HBEEER— N EWITE . X3 DR T R R R A, h
FEANRERA—INTTEERER, EERERTUA-HERTERSH,

YRT] LAY Rk Se RO W 5 R , 40 38 R 9 . 4E (uninterpreted operation) o ANHI#RAFEA
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XHDIREAE AR RE . FEXFFLLT , AR O A B i, (H RS O E R R A . X PP
PR N ARIT (token) o XTXFHERAEIHBEAR 5 EE AR BRIEHBE AR FESEH 2R
{6 SRFRIRIEZ B R, (BRI S(E SRERRM/R KR, FRERRCREFE. 81
HBREFRENETRARE Tl RE N ERE N AR — M. XA
BAER P ARTE[HAWWSB ] A BT it H .

BG ,3ET LAY R ik B i e B AR SR A B Ao B HE A (SE PR R B AR I ) B B AR
B, FERHREES, I LER 5.3.2 THREAR BARR K.

5.4.2 #X

4 X (forkk) RE—MEHEZBPEES THRABM R, EREFLT, XEFEHLE
RERAIER; KSR T, BNRREAES . TEHI AT BRERIM X,

1. 7% 6] # (Statement-level)

BRSSP B — P R BRI T AT TiB et X A G , KA 4k L AT
SR RTEA] . il A NGRS B REHEIE A R o A B U B R R . B A B A D RE R «
{RIEHATE R T A 2 B BT B WIRF 5 R PRI AR, RETE2TGIFTE R
BPATIE A REEH,

BN, B 5-9a PR — IR PS5 XG5 . Statement 1 T, statement1; statementt;
T, x i = y My := x FITHAT, L8 = My H3SH, T paralle

_ x_temp :=y;
J& , Bk AT Statement2., B 5-9b B¥[Fl— A5 Xl — ;:2 xz:—m'

FIARFFAEHATIBERNSEWIIES . EHRMIERP  BIHITER }
MENBTRBESRRE AGNEE, TR, A « il [ Seeme statoment2;
BEAx _temp. TEFTHEIBERANEG, AT Alae 22 &81E ) REFRRE  0) BUFER
EEENERMEMNIER, HR « HREN x _temp WEH, I B 5.9 3EBEER
B MB—NTE, Bl y, FEHTEAFEAZERHEL,

MG ANGRZE, AL EHTEASEHELAER,

W IATIE AR B PR B AR B E R A A B R E TR RN B, B2 B mUR
HEH B P R R THE S WIESL T .

2. %% (Task-level)

T4 %4 LHBE S —BHABRIFTHEE MES I, TR—NRBIXENESF)S,
ZE R WIT, BASIA—HLRESEBIEESFRS VRN —HH RIS, 2RESH
Ve IR BGE 4 P BT 45, BT F M 5E BUAE Bl

ian, B 5-10a FR—MEH G5 X Statement1 AT, BIFB P1 I P2 5447,
MR BRERZ S , Statement 2 EEPAT, ERBIIXANEF5 EAHFHE—-HXHET
HATHITHIT HEEEL, B 5-10b FRB0 B R — A 3788, 8400 LR F B X I
— AR P1 _ process RS RMES fork HRAIE, BEFWIT P1 _ process,ﬁﬁﬁﬁ?ﬁ P1 _
doneo P2 process BIE AR, FRBD XHR—NREL fork BIER, UIRER P1 _ done
M P2 _ done BIBR{EHNER],

T BEBAAR LIS B A a BAT 40 LB, IR T T AT B B ST Statement1. K5
VRAELS fork ,B0E P1 _ process 1 P2 _ processo P1 _ process VAEEFE P, P1 R FS, BE
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25 P1_done, P2 _ process FIPATHBEMEM, B3 —BME], P1 _ done M P2 _ done #8%k
WRAEL , S SEPRAT Statement2, HALHBRER fork BLHERE,

[NVG91b, JPA9L, MWIO ¥4 BB T 2K BLH) 43 SUBRER AR , FE M X FI7E FHEHIE
SHE,

signal fork, P1_done, P2_done : boolean;

Main: process Main : process P1_procaess : process
begin begin beﬁilr)l P
statementt; statementt; wait until fork;
Farallel P1;
fork <= true;
P1; wait until P1_done P1_done <= true;
P2; and P2_done; wait until not fork;
} fork <= false; P1_done <= false;
statement2; statement2; end;
a) B4 X b) FHRES
A 510 Xk

5.5 RHELE

BE , BMNREG SR ERBBE L L EEPITORIE . WA EFKRE, Q5
FHEREBEFAR, 0T LUEHR X R R ¥ NS RE R R —ANUF iR, XM —5
HEERAETR A & (polling) . '

BN, B S-11a B T —HER T WiER, B ¢ RAEBMNEL. #FILEHTED S,
B 5-11b i THEEBAREEHNETENFERNRE T PREMERNERHE—
OB EHE i 1B, WRFH ¢ RAE B —FK goto IBRIBKEER S WIFL, BME T TRA
HERsy . MREMHBAERE, T IEHPIT,

BEEBNE, R ENERREGR BIRES ¥ goo B, R, T EEEMLEF
B8, KERMBRFRIHE S AL goo iB4]. BRI, KEFE S BRIFMEFPHER
RrERkE EA TR, B 5-11c 2B13 B A Bt 83R48 AU gorolB MEAT R
WA, ¥ T BAEE—MESRH, ER B T HF o BB MER, EEPIT S; RBEHR
RBE, BEDITE T /B FHR AR, ®aER, KZAERER T EFHI L,

—T
evente: T—>S; T_loop:
P )

e

T: . L (gb staetxitT Joop:
statementt; _S|
statement2; ;’3‘9"‘9'“2' if (e)
statement3; (e) s exit T_loop;

goto S_start; statement3;
statement3; exitT_loop;
end ioop;

S: S_stat —S —8
statement4; statementd4; statement4;
statement5; statement5; statement5;

a) RN b) Hrgoto WA c) HHFIBHEF

B 511 BEHEHR



920 g5

XFERBARLEHTE S T AR (timing mode) KiE S . EXMIES S, R %]
HIE A A EARERIHERS , K140 VHDL "R wait 184, W RA BRI HER B4 RER A, B
VA REZETE ot 18 48 4533 4 (time-advancing statement) J5 BT 4R .

FREARTELHIEFH IR RN, A EEG S X ERAEENEFREFSREARE
BARIREL, FIRThRE R T M, A —MEH TR LUBREL, SR ENES L, X
PMEARBFEHEAIESHTEETFE, BN FEEH—TRES, PR S HMLEER T —1
RE, GREEEPITHIBENEEREX ., EXTMHED, RELERELAERSIHET RS
Whn—F&IEMREREWIRL, RAUYREREMN A B RIME R, XMREVUT LR
5.2 Bk TR, Bl B 5-12a 5N T T B aM FSM, S35 I 575 b B A 3K
Ko FTLAKF XA FSM ZEEE 5-12b HEIF R . BAB M REZERSKESRS o, BT
A LMXEEIEA SR P AT . XHE EERZIMER ¢ RAET . ALEBIT—MNRE, ML
BEEWIT S, HFEXBERE -RKEESMH « KB, 58 5-11c PHEKIETARF,

T:start
—T .
whil (:n;t and state /= 4) loop
o e =
statement] ( ) is
note when 1 => statement1; state :=2;
e when 2 => statement2; state :=3;
statement2 when 3 => statement3; state :=4;
end case;
note “w;
statement3 —S$
statement4;
' statement5;
finish
a) ##K FSM R b) FSM #i
512 BEREHR

FEBETFREER R T ARIES WER S ARER A R R ik 22 8] 5 X 5,
TR R P R0 v 0 R o T B SR R M R, FSM LR B (54, R XU B F R AL, B
5-11c FRIEF R b RIR Y 2 F Rk, B 5-12b P RIRFRFE R LA 5-11c F1Y
BRFEmMEHIL S,

5.6 MEFRSHEES

5.6.1 #Ei#

AERE S TN T — A SRR B BoR . BIZE VT LA I anfa] fig i XX 26450 R
HO4b TR B R F RS YL S LR PSM B 3 S0t RAT S8, X R 3 W] LA DR SE B
4N SpecCharts B VHDL BB S ##,

PSM EEBIGE T #59F RAT SRR RE M = MM RETB [EF R X AR L,
— R HAE RS T REAAAZENBHBEARST MR Bl . {HR AR GEXT Y B B BOR
R BB, B BETEARE I R AT 55 5 R 4G PSM SHAE 25 4 A0 [R) B, K i B 48 5 AE B 3 R Y ] 32 1
FORERE

B BEMEFRSBEEE ACEARHEEL, MAREBFERF T REBRBE case
Ay B P EEE . RRURE MERPRSEA — R, PSM BLAETR 2 5 1 [R5 26 72 Xt
R, HWR, FH—ME S R U E MRS RN L, T A2 B X 3 8
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HIBHHETHES. FNGESTURM/REEMN, YEBHELHNRE X ENEENE, #HX
ME ST MEA Rt B Rk E IR 88, Fhn 5 ik,

REXLEUUEHER, BITEF LG —F PSM ## RHTE S BB, B,
BLHE A T8 PSM 1 3 2058 M 5% e BUOF K AE 5 /9 7 B [ DCH91, AW(C90, JPA91,
MW90 ], B EA ARG — i B05Eid PSM B30, X IER AT B 5.

FEXFER T, BREIANENEFRESR 242 (inactive) . 47 (executing) B # 7 &,
(complete) ZFRBZ —. PSM BRI KRS M B 28 X = NAFF S B
Eo FEPITREP,ERESEFREWHRSBZEMERESGS, UESISREEERE
P PRAXT R B . G058 BARE S 707 BN TR G54, ) m] LA Rl B S ok R 8
PSM W2,

5.6.2 ¥ix

B3 5.6.1 A ERBEEH SpecCharts H#URF 9 VHDL R BB DB B ¥4
BE %2 LI NVGI1b], E SpecCharts ', 2 7R ESH#R H17 A (behavior) , 7 VHDL H, {£45
AR, BRI AR SpecCharts 178, % B & VHDL ik, BEMHTFEF CreateCom-
pletionHandshake ( B)H JE—H R . 5 58, BT LES B _complete WEAE, FEH1TH B ELT
BRI EHFEXTNELHERES B _active WIEM B #i&2; BRIGER B _complete, THIF
CreateWaitOnArcs (arcs )R wait FFFIER], AXRAIMBR BT EREENRREIR ., HTHA
S B 25, H H 1% B IR L1 5 & 4 (transition-on-completion) &k f, FH F1TH S IE1E
i&3h, 3 B R IR A 5 Bp 3£ 4 (transition-immediately) 54, RS R AETEE . FREF Cre
ateArcsIf(arcs) BB NIRL S 4 B if-then-else 1B58] . BN X HHR, R IE SR FITRH,
R EEIRR W B FAT N TBRF InsertPolling (stmts , active _sig VFEREFFBL stmts FHEA
FEARARE, IR active _sig GIRMEMBERIBFRE, 1 5.5 WHHITEKH . FBIF CreateS-
ignalShutoffs (stmts MBIk stmts FETWES RSN, XNRERBLER, BREFENTH
R FR L SE 2 B 2 s, BT AR B F- 8K 3 {5 S 1. VHDL {55 W& WE 4RSS I
[IEES8], &5, TR Append (I, m)FTLUER m EBIF I KB,

MSFTE KBTS (R )T R IFER , BB B A 08 i 47 9 , X4~ U5 1R B4 T ok
t VHDL, M7 88 VHDL U35 — M, (5 ERRRE T SpecCharts I/
WS B R IE B 1E A8

#i% 5.6.1:BehaviorToVhdI(B)

output start of block labeled B _block , with B. declarations
if IsCompositeBehavior( B) then
for each S in B. subbehaviors loop
output boolean signal declarations S _active, S _complete
BehaviorToVhdI(S) / * #IHEA * /
end loop
end if

/% FERFL %/
stmts = NULL
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Append( stmts ,“wait until B _active;”)

/x PTG */
if IsCompositeBehavior( B ) then
Append( stmts , “loop”)
Append( stmts , CreateWaitOnArcs(B. arcs) )

Append( stmts , CreateArcsIf( B. arcs) )

Append( stmts, “end loop;”)
elseif IsLeafBehavior(B)
Append( stmts , B. statements)
end if

/x TG %/
Append( stmts , CreateCompletionHandshake( B) )

InsertPolling( stmts , B _active)

Append( stmts , CreateSignalShutoffs( stmts ) )
output process with label B and statements stmts
output end of B _block

VHDL ##B8 & % 58 M7 HHXH VHDL Sk, a3 =157

1) #& (Inactive) : FEX R4, 1T 0 EREBIE (55T AT R A ERIE S WE)

2) 47 (Executing) : XN HE ST A EL EHRIGE S B EREEMEM K FIT RN HF
T RPFTH VHDL A5,

3) A& (Complete) : BT EHIFESTEED T, %ﬁ@ﬁjﬂfﬁ@ﬁﬁﬁ%ﬁ):ﬁ@o
FEEEELLESEHES B _active THEE, HIEXMER T HEERED LR, &
B R EHHEAERRS

AV N BB REEALEE THA. 85, VHDL 5 SpecCharts FEAEAT 5 5L T #Zh BEHF
BEM B, A RATE R B3R, UE— N FENEMN . KK, B VHDL il h IR &
T SpecCharts B947 A2 WK, i EL SpecCharts 7% #1 VHDL 342 & —— % B #7, SpecCharts I
VHDL Z [AIfFTERBRE KB, BE—R  BENBRITEXRES LR

5.6.3 HIEIAE

AT B R A AE — TR, T BE R B IE S BBl . SpecCharts SRR S 7E—
AN TERR/NE R BAAL (FR A delta) J5 AT, XEEAFSPHER VHDL (55 . Fb, ##d5kE
SIATHHMATHBRERNNES . RERRENENEG,1Th B BEGHRE, B WUTH
SEMEXAFAHAERESRE, @ B XL ERNE, AW, HBEHES AT dela
i 1E)J5 A RESE %7 , 7EIX HAIE] , SpecCharts H] REFE A K SE AT IR ST T #BHE UL, SR
H5 EHATEN delta B [B] 7] i THE SpecCharts {55 EATHT 7 EHY delta B [H]

8 B8 (AR DR 5 B el SpecCharts 155 SR B % i At 1) VR 2 g U428l {5 SE B BT o RO B 1]
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HRAETE AL, BN, 9T LLKE SpecCharts 15 5 5851 BT & B Y 8] 18 % 2 K FP (femtosecond ) B
B A s 2 fblh, B LB — A EfE AR B e 5 — et R R — N E R, EXMER T, B
R E R FE R, FEANSRIVGEI ],

TEEERME, AENGES TIRRBEETFIA T EHIE SRSk PER T B B, 7T
HW R KT B8R T RE. FEEF 7 B rpER o] LU B A7 B (R] R 3

5.6.4 &&

FASCRP 6305 B4 i VHDL 30858 55 — MW 7E M ) . 248 A VHDL 458 T R B i, 7]
RESHP R B E RIS, T ERE N YFTE A TREB®, LHE1 VIDL 3BRTE &
HEEA— B HEEME . FEoAERK VHDL 840M78 Ra & — 1 #8 , R8H#E VHDL #1748 5
SE R 0] e Stk BUBA BE R A BB B o R DRI 1 i) BB A ] B i o R T S B
ZRWAAT HBE , BRI AT HRIFFER] . XFVEEALS T B 3138,

5.7 ZMEERFME

RS I8 & BT R AR IE A A G SR 4, B R B BRATAT LUR B 4R 5 B a9 75 X

WREFMIGE, ELENAT, A THHEE W TRAMEAR, jiwE 5 S ARSI EES .

ABNG T H—LRE S W LR SRR HETE F VHDL REAR . KU B AR
LARISR M AR BT IE S R BRI 5 . XSRS GRRME M HS, X
FHRBTIER BB IMES X LARAHRL ., IEMATHET FTRBN, FRX
BeR% XFFRIMIE 5 W AT S s A R e ) Fs A Th et SR IR

AR TREF EHWIRES N ERHRRTF R KR . BFXFHIREFITA
M LA, FlInEREE, SEA KRR T KX TR,

5.8 %3
1. B FIRFIER#RN VHADL 37

process P
begin
wait on start for 100 ns;
for 1 in 1to n loop
wait on input;
sum : = sum + input;
end loop; )
wait;

end process;

iR Y & (interrupt = ‘17 NER, BEBRERREN wait 154, SN EEH#E, T8
anfar ek b R R A BB T XA S AL T Y

2. BE T LERHER P FRHE, F A SRS EE B R EE RS,

3. ZEINT—4HEE fork-join HFEH]:
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PO);
fork

QO);
R(O);
join
SO
Bt PO.QO.ROM SOFRR—HIBFiER. MRAALEHENIEF (8 VHDL)ERR
E R fork-join B,
. B E FUBUF & 4R A BRAR SR 5 F AR 7 i
5. RE— A RRSVE LR — AT E RO E .
6. HE—MHKBEXRAARRSIERAAT FREVE R, ELHEB R FSM B4 % FE
XA, AR TIRE. '
- WE - NREERE R REIUR Y RE S HRENREFREN. FELE TIH
TOC ¥k, ZmIHRBFTFRE
8. MBI — MG — A7 iE A R R — AN BERE RN T, (RR: 5%
[CGI3 17 43 BLER KA )
9. RIEU—MER H—FIEEERK VHDL Y wait iIBH# R —HEH, P RE—
AR wait iIHH], BIAN, wait until CLK= ‘1", XANHERE VHDL 3 C MBS E
A LH AT o '
10, fEE B —F BT iR P R BUL A BRI I ik . & B RE X HF FSM 2 H
TR

~

~



B6E RENWD

FERT U E B, RATNE T REREHGR BT, X H o B R 1F 5 ML % 56 i e |
HTTHE. ERBREEYEHMRE, RITEFTEXENRRERERITAS, AR H—
TERERNMBEEA SN ESBRX RE TR, BEW B & F I AR
TOREREBEDIITHNED B TEM Lo ARRITIR R GRS b 9 — LB A% 5] B A A 2%
&*O

6.1 5|5

— N REHFEH— RN, PR AEAL B AR I A B SR AR R B AR B
8% ET X BAANERGER, A RLRENREN I, H T REXFINEEN LI, &t
FLFRBRANT BRI — Rk — RIVR G AN, B 58 (allocation) ; —RA§ RGN RES
Bl LA |, BI%) & (partition) o Z3ECFIRIGr AR e, (75 8 5 W0 L BLREWE R BT AL
A HERE S R E RIS B AR

AR RERNHTIHE . BN G R4 FTRER 44T X e, 64X — AN BT AT
HORFEMIHE TR 7o HEE XIS P i T (AR R A AT R S, A BB 4L T
RERI P — L E AR AR, RGN HEA IR 73 MR B RBOAR ST E, B A B i
AL, TR E G MR ETE. EAERE B H— M ETRITHRR P2
Nz REBF BT X T S E T R EREX AR

6.2 LZHaRISFTHRERIS

ARSI A FMARB I, R FINEERI S . BIE NG ERLHABIRRE,
RJE X H AT RI 43 s Wi S 3 W e Xt RGN REHEATRI S, ARG A BARSE I, F IR 40 40 B B o
RIS IR R & BRI . IREER, BREETRISZH, RRAHELE8d TFT
iy i

6.2.1 &y

GEMRN S FENER EREBRERRSE, RE X TR 4. X B RS TEE4E XT8R2 6
FIE B, AT R0l R ZE] R H TS ERE T S R FAaS, wll
B ARES EENTHRBEERITEST, 85, RIMNVSEW. 5 REIX RS
YR AARRINA, EPBHBRER-REAG

MR RR;Z  XE—EBE MR TFHE SMIR. Bk, Bd%ma, B
HHERAG T ERS | I A A, — D A TR LA X N BT L T R SRR ST
5| BT IR BB i A A 2 (B R BORME B . 5541, AR 43 [l BT LAk 5 o B
Ry 43198, BB ER) 0 15 8A —ERAR IS B MBS AN TERFITAE, 45
R X FERE AL B R R B A X —1 B, EEEFE TS ME T &4, K
BERDMEEETAN—NTFE. BNTEANSRDERRAE —ME, FRANE, XL (clus
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ter) p HTEM—NFHE. p B EARE (rotal weight) N FH A PTA TG E KSR p 1Y E4E
(cutsize) Jo¥HAFBTE SN TUSHATEEN S FANEZ B KAEEHFHE
BEA Xk G B A PR B — AN TBUASE, I BN S B THT AR A 5 s b B A LR R RS O R Y
— i1, DA B I AR A E R 2 AR o S 3RE 0 R AR T A RN O P B P — S R Y
PR GEW A TEAR , PR RLIZEs B i BB B R S A I S5 | R

X FRE RS, SRR MER, IR EBAT ZHEANA —MER. £
*, REHMHEER STFEENSOE SRR KE , T B3 S H SR WA 55
&, XFELFEEETERDRBRIFNER, B, FEEBNE  FEHLFERREAMFM
SEHL RGBT B X S A SR R, SRR 4 I BB ) 32 B T BRI o

BB , MR FFTE LU T =R

1) ERR/AERE RO o LR B . FESCBLR GG MR R, ol TR SRR 53 2 BT B4 5
B A P Tk , BRI AR M 7 T AR 22 IR SRR A T o, X IRIEAE 1 IRDE AR A (P L
FZE AT SRR 1 LR R E A RS R R R R B NI RS —
RO BT R E LS B IR SIS A BRI EA SR, |
R 43 B 55 AR — B R SE B M A ROXE R A BIR — NS A o T 2RI INIE 2R MBI A KK
B, BRI 5 TR BB 5 , X S W R G B, R SL s S X MO RIF AL o 7
— R TR RS T R I E RNk AS . (EAR R S N SE X P IMT N IR RAL
S | I ooy s O | /AR N0 7. -0 - 2 s P> S 1 o et 7 200 A
B s, TIFE SRR R AW P B ERE ETH2A0R, @8 Eme ReF, W
A R 43 2 RO L s ST BB R BURZ RIS R o

—FR T R RAER R XTI . RTTENAZE 5 3 S5 B T . SRR
—AMEBEAT A S BB R b BE AT AT RERER R B AR RS
BT SIS, S RS XA M S A R, B R RN St i — 2
AN B ATTRT], RE SRS — R T B 5 — . W FRAFIB SRRl 7274 L 5
RBDJS , (UL BEXTHERE R — e/ N AL, I M R A A7 28 00 S U RV PR 2, TR L FHEAUS RS
BRI LA RS XA B MR MESS I, X TR BT, B SRR i
BTSRRI SR B, T BARE AR Z MG AL e U 3R B R

2) WEHMEK, HFREERMA, LHAREFTETROBE G ABEK, XFE
KX SR, —HEHAR A BN RAE B EHEA TR R R TR S
R4 B | IR B 0] 43 45 SR L SEXER R T BT ER R

3) SWHFE., EHUANESAGART RENATEAFBIT. LI E I
PSS R R R AR AT, IR A B D REH S BRI 1 . TIZEGHRISY BT 2
BT & SRR B G5, TR IS AP KA DR 7 RKE B e o

B RGO 2, R A RERRERE , Z R4 X LR B AR MR o

6.2.2 I)Jﬁﬁkllﬁ
yJﬁEﬁUﬁﬁ’%J%%%%%ﬁB%ﬁ%?"Tﬂlﬁﬁﬂﬁﬂ X e R FR b 3 4k =+ £ (functional

object) . T KX EINREXM R BIRGEAH |, ﬁﬁﬁﬁ#ﬁ@#ﬂ%%ﬂﬁ"ﬂ#%ﬁ
HINEE, THRERIA AR, FBAH LTI
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1) ERABERIT R . RIS MR EB A, RS SR
SRR, 1T T AR 1., 605 (TR I SR S U741, (5 B R
BRI 04 T B A IO . B 5h, AR SEL IO B3 , T UM MR 54
SRS

2) SHRBBBN, R ML AR T RERA M RIOE R, IR R
R L A B R LIS DVRERT SR ATHCRURI A7 7 55 P 40 2L M 1 R A L
. HTAGBESD, B ERPRERS] T IR FN T 5 AR AR A,

3) BRI, RRWREUSREBR , WIS SR, RVEH
BB(FRISY. WONBIALIRSE b H990RERT S AT DL PR A & K SETR, TUWUH SUBEAF R S0
ATLURGHIR I, 1R RGNS A AP FIRLS) S AVER R 50 ok S TER R
P2 AR RS |

SHRERISM O SER I E R0 F 4858 HOATF I SRt R AEI R  JUR A 1 T
JUA s B, 1A B AT U A PLIAG , JEok i3 F SV A RIS I RIS G R AR
AT AT R #05% , F X F AT SO HR Tk 20 0 BT IR, B
FL RS AT AT B 0 A WA SR T, UK, F AR A HER A H A8 (L
4.5 ) B R R IRASTERINE, 4 55— H % IR GE L 00T B2, S
B2 ATHK, RN B AT 2 HHGAA R R EAR , TSR R AT
AT, SR AR AR R R 5 R

KTHEE FRBIE, MR T T #4744 # %) £ (executable-specification partitioning) ff)

o TERCHITHAERIAN AR vk, B e P T BT HERA A 2 K0 R ESH e, IR M1
SRR A S, BT SGIIT RIS o FUBHOLT T I RO B P o — R SRR I 05
 EA LRI St . 8%, SFRATT DB H SO BT LI TS B 3h5e AL
SRR, T T4 it A0, JE, ZE R AT U A BER A
HTRIEI S AP HORR , U R BT IR RAT A . T, SHREXI
LB R S AL AT A AT AR, B 25 5 XA R RO BB A
FISTIALFIS | OB

SATHTHE KR 4 L, B Bt T B4R, T Famahean
e 0 SR 587, £ HCH R A F— R 3
B LR B— SN T, AR B WL,
AR BRI PR LR E, AL | OO O | M

B8R E XHIT AR B AT B — BRI B AR FTN B gﬁiﬁgﬁ&
6.3 %Ay BB &R

HT EFHER AN &R AR RIS EAR, T EH OO% REAfrmIn

A RISHEI RSy N B R R GRS R B BL
B RS B R REAY L B AR AT R B R
By M D REHRERRITERNS S, 0E 6-1 7
o HABHERME, XL e R RIENERSTE, B 61 RS EEERE

C—— 7 #%u
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6.3.1 RGHBHRER

B R 7 BAR — AR AL A R ROHIR TE 5 R E LRI A . AR, R —FiE S " U
FARAR Z AR SR X HBER R HITEAR RS, B BEETF SR
TEXHIA . HAA VHDL KAt iR 8 B 2 e, sl U SINBER T EmR, R 2R
HEARREAHETHR _

I, IR S B A B B o S A SE AR 2o LR I K T LIRS il 5 531 S S
HRGAR PR S SN SRR ] MR R, SR E RS SR L, b
N— MRS T REPENTINERIBI, IR AT R EH LR IRE

AR AR S, EED T ZFRHREDEH#HR, S BERRBE T ILA.

1) EEBERE. MARRE - NEERE, HH 8 M RERE—-MESF (K 2.4.1
), TEF MR LM EABRBERERBEHITE . XMERBA E (B MMEFS K RET
BB EE LT & MES Z R BRI, U RS MEFHRE TRESE

2) R MARTZ—RIES, Kb G MEFEL— MNP RFRMER, X7 2.7.3
WA HAN R E5 B BUBIT AR

3) EARRBBRE, WA BRI SNREZ RN EABHE BT R — sk
VB ERIRIES R 2.7.1 1, ATFEHRERSGS WP TR P AR, it
R 4> B A i BB AR — R R, SRS R o il ABEE B A, BR CDFG,

4) HERBENERREN, WMALERREN, TRREARRNREL, XLLRAK
FERBHBRSHEBRBIFTIHE, W a=b+c x4, N FHBRRESHE 2.3.1 THEEHEHAN
7. BRXERAUFEREENAE RSN, B RAFEHRRRER, EREHR T REME
Ao

5) FEREWR. MAN—RINWFFHREE, NS YERESHMBETF AR AL
et

6) BHR. WANYIRAMRMSHER, MR, WETATR, XA 44 5 7] U
RARMREEA

B, — MR A ARFEFRS T LS F AR BRI, G — AR5 R
3R , T 55 — 3P4 ME BT M R EBREGS A

AREMBRIE T I P AREMPRLIER, B FERIHERFHMBEEMRES]F
BRI, B IHGE % A BT A B R B R R AT 4 7E R LB R Z K B A S 4
WHME R . A, RIS AR M A FW R AR ZAE ERBITHED,

6.3.2 KE

R4S A R R AN THEEX R R Z KRR, WHISCINR, kg
Sl AR IIEEN B, R FTE RS AR HATRISr . B ek, MRS X &P BT
SHRMEWER, REERES NS PEA REHR, MARENERNRPNUTH
SRR, NTTTRAREZHIXER

M FREEMBRICBA , RAE—F ORI A TS SO0 I 8
TAE 45 Sk, T 2B 1 G B T R — R T i A B R BRAE R

ESMARMBRNBEBRRH RN, BT LR % EAE S 45, T LA 5 7
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HEA SR, T LLRAE 55 Al B — 22 2% H if-then-else BU& loop TEFFAZ K HIBH IR,
Besh B3R A LA R E A B IR

B A REORLE A, BLAE KR B RIS AR RN REIR 1R E A AL S R
KRR ERAE LG, BEMBESRIBRINREL, XE/UIBETEES
AR AT IR, BRR RIS RS AEA . HK, BT EAESIHRER X5, B dst
MET XFFF IR HE . FHK, AORLEE R 2 B 85 R X BT ORI 5 B, X AT F3h it el
BRI ME . B, X ARG RI A B R

T BRARRORRE T WA B0 e, R DR R X AR A R, BiRE—
MREREIGEEE, T ERERER O(n?), P » AERBRENEE. WRERELINEK
RHE R L BEFT R4, BB A 10 000 S 8RAE, AR 4% 8 K R 3 45 R 247 T BUF MG % &
100 000 000K H . MRFT EBEAT R I HAT MBI T, XM T E R BRRABLH,
FS, 0 SRAERGR A _EBEAT R 73, BRBETE R 2 Z B X B IME 55 (6 RS R A AT PP A . BRI
R E R RERE, HRAARF K IHERNEERERBESMES TR mBETHE, ifik
HREEZHERER, XK 7.5.4 ThiiT#—2 it . X THEMES R EBPF, R
TEXH P BAMMEFHIAG I TEIFRIAT . XA R R 2 B 7E B AR R BEAT IR AR EL, B AR
BRBMBRET

6.3.3 RHEAHHHE

K153 B AR TG E T REXT R BRLST BIM R G LKA, — 03 A 15 AL B 8% ASIC,
FRitas A7 &R SCIF BB B B SR S

RGEA RSB — A E BT ERF R RA M RE B — o e s
RAPEITHR B . X EFRAL O 1 R BB P £ & B2 (allocation) o AEB— N HEMTHIR, F
HEEZMAFR IR, ENERAE HREF RSB R WHNERH BIHE TR
R R, ABCER h TR, MES S BB RS,

6.3.4 FERFEM

TR BRERE BE L — 8RR, R E R 2R AR, X R AR U &
(metrics) o # FAROEE B A BUTH E] GE1E HUAS R Dhae (B BB AT R T R B
/N BRI, L R A K/NEE

—HEHARGR RAE AR, HBBRRENR Y. BT LERIIMERFEXNTE
RIAMRE H 0, X FX LR AT E— S H R, R BT ER X RN 4LE B4 2
IR, X Bo B B FR A2 2 B F (closeness metrics) o Q1— NS5 XT M — 4 AR L X RAR
ZHBPE BLATIWXRR LR, ME—MESM—MEFHALERKEZTR IBLE]
fX R MY, ARBIEEROFMITEHESR 6.5.21.6.5.3FM6.7.37,

R ES AR R ERTE  BXHARKES . XEHTHAEEHRRMRIEL
PN BERT 5 54 (BRAR 1 ) SR B SL I, 7R A PP XSS U AR e . BT H R, ATLCRA
FEEBER %, H—BEREIMRIS RS, X BRSNS ERE, BEFZIERK
KULERH e EREH, mEE AT RIS E S R T R A R, X e R
EEESATE R, XX E S, B BB B LA B 3L B, BT R R R Rk B Z M.

Ry RIS ARG, AR EM R ERE., AL TRIHFER
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HIAF RGBT (AW B PR BOE B S FERT A48T o @ X A S Bk 1
R B{E A BG4 (estimation) , 76 F — 8 B XPFAG AT 4 4

PR OB ORI S R AT B . N TR BRI E, RS B LB P By — 2k
U A T IR B & AR B W 8 X e i 1Y . Xt TR E R, VA AR BR R,
TEARIRE HE b Xo) 3 B A BE A TE R

St FAKE i B9 PE A , REEREGE X P TE) R 43 AR X S SR A IE B B A, TR BB OL R
R A LA . VR BT LA RGP T B R 3 AT R SR R BE O, BE PO AR A (fi-
delity) .

{HAR B, R4 RS AR AR AR BRI Z R . X EB VIS £
S 4R R RS R, T UEHR MG SR T IR B 24018 2, AT RE Rk Sl &2
FIRAG T .

6.3.5 BrRFEAELRL

R4y i 2R AR R R, IS MR R, XEFREERMEFEN. N T
E RN R, B 2R B S W — 1 k%L, FR A B 47 % 2 (objective function) , 3
SRBUEFR A B A (cost)

H T &M EENBEEEANR, T EMHERHAN | MEWRE - TEENET . B
J7 A8 FANASRN B b R AL, B AL EE SR FR &5 BO A BB o E RE A A E A TR R
FVE R BAR BB BREUE . — N IAUHT B AR R BB 0 F BT

Objfct = ky*area + ko delay + k3 power (6-1)

XA BB A @A (area) B 3 (delay) 7130 & (power) =N E B E, HAVE A £k,
F Ry, R R EAREREUE . R by b ks A by K EEGRE BRI MR ERERE,

B F 250 R R T AR MRS, LR EROHERAAR6-DIREMFE L T#E. &H
b bR B LA A 25, SRS R ORI 2 45 RS ISR B 45 SRAT LL , RETE A7 ol R AR I
Koo EaR BEREREAT LAY A T ERER:

Objfct = ky* F(area ,area _constr)
+ by F(delay , delay _constr)
+ k3 F( power , power _constr) (6-2)
AR F 20 TE RO HTMAE LR ZE MR, 85 EAWE R ARG RRR B EF
{1, e R ARANHENER M, B, B BRI 8 R TR 4, RE R 2
REILH, IR ATE WX BRI 4 BT Rk AR . H&FLRERD R AR R, X FF
200 R F (648 BARRBUR [HE, TR 6 BARsk £ A R4 AZMR2 TR

AR FMERN S — A RIBEHES M ERMKH—, HMERLIRE 9 000
FUBALT , PRAK 945 T T BEJE 10 000 4N ALEAAL; AT ZE AL FTR 1 -1 18] S, PR TR 45 R
10 ANBFHA AR BRS EL AR SRR 0 & BB ERAHTRL, F0 4 R E R/ B EE T AN 2
TR, TR it 2 AT 45 S0 B L2 1 10 1%, 45 503, B REWS 2D 5 e (] o7 b T AR/ 5
AR BFIB L PURRTE /N T 50 % M EE , T 5 Z AU T 1% BER . R 81 R
$OF WERR L B0l ARG 1B AT B IR EE T -

—HHEEGEEEE T EREAE—R, RN UM R, mn— T E, #3855 K



E 4 X % 101

(closeness function) ¥ K R EFMEBLE SR, ETZRE MR URRERESFTEEHN
SEN—H. WEM B PR BB — X S8 R Rt & F THEm R

6.3.6 RIDEX

3T AT HNREM R RGN, MM E R REITORI AT R, BIFERE LT
1 B RR EREOUA BN AR

B EITITAETE R BT TTRERORI A T B, SRS XA 7 R 10 B AR R A AT R
A LAEFIR AR . SRR AT SRR, B SFR i X R n AN SH m AN,
A m" T RERIBLE . RN BUNOBEL, X 0 =20, m =4 B, —TT ZAZFBU R
XELEE T RSB B0, BV AT E 7 7T R A4 00 PP B — A TR AT R,

RN % T RAS 2, B MR e R 0. O R 2 R A ok
PABHEAR S , 68 FRIBE L B A St L1044, AT KB IF BRI AP 5 3R, H BB 1)
A TR R R A R4

BV LA A BRI 4 65 BT I ok, UG RS
st , 38 B AT ERECR I RS HEATIRAY  X B IS e
B R B R A, B I
B A F BTN RO R, EREERMEE
BrkhI, 3B X BT AR B A HRI 4, LR iy
FRABBEIR MBS, N TR R B, e R B 62 ARk
BhBERR L RIE N . B 62 AT —RIMIKE thRFER AR
A R NS 1 AR A 18, ey SR S B /N A O . PRI SR BB Bk X B 25
S, 3 TR S B R R RIS b, 7R 62 o, e — A BRI R 43 A
A BRI SRR 78 A RIS, 305 Ao EH RSN BRI A T A, (H IS 48
Wi H 3 AT /NS Bo X A A SRR —1 B 36 % ) (local minimum) &, T8 B MR 2R
AN — S PR R AE IR R P FUE S H S BT A B IR A0 A, KB IR RO A 3k (greedy
algorithm) , 336 2 B4 0 b 1)) B B /N A T 3 — S B UV RE 6 Hh R /I , 388 B R b e oLy
#* (hill-climbing algorithm) .

TESZIRAE R M A T MR L R B IR 25 AR . TROTHETE 6.4 7 HLXF R AR 43
BT — R
6.3.7 #iH

BRI 4y R AR S B R A AT BRI . RS TT LR — B 1R
ATHEEXT R B ETE] T A R4 | 5 0] LI B — R a0 AR , 5 RGAM (2 3
% I TR A S 36 R LA TI B i A TT RERT IR TR (S A TEIR &
Bt R o SR A R R A0 T LUV S R R A R A R B, R SE RS i B
PRSI, ET DR R4S T EEG A, R E AL A T ERMER ZX B, R BEES T A%
= B oh A A
6.3.8 EHIREMGITENSS

i PRI AT B B, 6 F—ANA R BRI, X P i R GG AT R4, T B
RE M BB SR S RGN PR R 8 PR B bR R SR s

EZE
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B BB, X EegoE v DUARYE L RIF s & H AR AT, R R RETES
WAAT o He AN AT LA R T A IDU SR 5 U R « EPRRLE AR B R R S
LR PRATHA X ek R0 0 B (s 4% L A A0 BT R B TR PTG P R 0 B R L AT
R BATERRIS B B EREAS EHFMTERIS B R, B IBROERRE
AURF AEBINTF S FBA RS R, BRI BOR 25 PX SR T , LA A
EWIT BRIt RE R L) TR E— MBI HER .

FESCPRBL R4 RGELMAF BT E R E . KA AP, —RERRN, ik
T E AT LAFSPAT R SIE, A EE 1R E X R B S 2R e 0 £ IR B ROV E R
%, HRTH R, #R T YA HR A BT ENE R i — B LR XY
SRR LRI E , BB LRR BT AR AR ERE

6.3.9 HRBRFEE

[ 6-3 i T — AT BT HIARIRI 53 2 S
BIFCE . A (input) BE 3 0 2 43 B AR R (mod-
o) SEAENME LR SN, KRR T 2RI BAL T e 18
ok (algorithm) o Rl 43 B 75 E 38 4% & (estimator)
F1 B 4% 5% K (objective function) , H: HH PEAL A% X RY i [ WEE |
PTG, i 45 AR B 45 B by s 85 BAR R BUH T Rt
fiio RISMHR £ PR 0 i sk Coutpur) , BUSE B £ =T o

BT . TS EESL B R RS R BE Bty 4%
#+ B 4% (design feedback) , AT LATEJG 22 %143 R FHLAR &
wWitFEE., it HETLAES A P 4 2 (user interface)
ARG AR HITLH | E63 RISRGEMMBRE

6.4 EBEEAYHEX

RIS EHE— TR RS E -1 4H .8
AR —NREEM, WS R, B4 BRI 45 R A6 B AR REUR B R/NEA . T
AALRIR] 23 18] UE AN F B

ENX 6.4.1: R4

BE—NHWES O=101,02,",0,1 , KRR G P=1py, 2, P PEERE p U poU
e p =0, i7j, p; N p; = O, I BHREEL Objfct(P) BAH/o

BT RS IHEREIM S RIS HE SRR A B LR E BRLR K G E L
LS e AT AL b s =R

6.4.1 PFEHLRLST

s M T PR B e R AL ST, TR X R R HL A E A TR . XA
B E R B ERI 4. HOTEEREN O(n), K n AXZREE .
6.4.2 BiRiL&E

BIRALERE R — 2% R HI & E R 4> B 8 [Joh67, LT91, MK90, CB87, GDWLI1], &
{6 PR B B M R AT A 4, B A B e R A e R A RIS B HAE . SIARIEE
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BENTHRE—IHH2RERE. XMITEEXRBTRNEETHE  AEEFHITEYA
BREWEEE, FEE 2R EE PRk

Bk 6.4.1 /] 6.4.1 FE XHRiE, AR T -1 BRAEHRERE, BEPrdR
ComputeCloseness FAARITE B NI A o, M o; ZHPELE ITEERRAFEES CHIE
ciiHo St HE%F 42, ComputeCloseness #B#E 6.3.5 Wi AR ROk E HELtE, &
Xt FHAE RN R B R ER BB, —MrkREAEERE, ERER
R ZREFRERBNIE; 5 —R BRI ERXTR o) Ml o, [MEEEEME, K HAE
H ;1 Mo W ZIRIRIE/N R PRI B

1178 FindClosestObjects # RAEEA PSS HN—XI X R ; i3 #2 Terminate TEH
LEFAATHEIR B B, Terminate ) —Fp i BIE X BIEFAXMNREBAGH T —EHEMAR
R BB, 55— R U X B A Bt A AR T3 — A AR B B, XN RERE BB U A8 i1
4 B4 (closeness threshold) o

Bk 6.4.1: RRASH

/* PIRIL BB RIE RN —4H * /
for &—* o; loop

Pi = 0O

P=PUp;
end loop

/% TR R B W EGEE * /
for B—" p; loop
for — p; loop
¢;,; = ComputeCloseness(p;, p;)
C=CUcg,
end loop

end loop

/x I RREYNNE  HEFIHTEELE » /
while not Terminate(P) loop

p:» p; = FindClosestObjects(P, C)

P=P-p-pUp;

for B —~ p, loop

c;i.# = ComputeCloseness(p;;» pz)

end loop

end loop

return P

Bk H IR BV, B8 — DX S — 4L, RE RS —XIX R AN BRI, Bk
BRI B A H R— BT RS B (3EFr B R —H) , RE EFHH XA FX R
HA g — M RIAEE . X MRORSTHEEIT, ERIWE LKL &AL, BENE
B X E RN R R MEERE, R O(n?).
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Avg(10, 10)=10
Avg(15, 25)=20
R AR = W el
o, o 4 0, 0, 0y 0, 0O, 0, 0y O, 0, 0, 0; 0,
a) b) <) d)

" B 64 BERILEEE

THREE 6-4 hE T, %EEH 4 MR 0 0y.05 oy, ENTF IR EHY
PRIERE T . I 6-da AT LIBFIX SR 0 I 0, XREEY], HIRIEME N 30, TRH o) M o,
IR HRIXT S, HiTE A 2R AT S P At SRR I E, 1 ST
5 5 H AT 5 R BSE ME A THE B BIE 6-4b, 5 IR BERY AL 38 5 B #EAT & 9 B, AT LU
BEIE 6-4c, BHIRERLIEHFERITEFANIERE A BT RE 15, B AH 28
BAR DGR 0,0y T o3 BT 41,10 o4 JET 73—, 20 6-4c FirRo

KT AR BB X E A F T, FRATAT AR B 4T 18 R A2 0 25 B4 (cluster tree) , FEETT
CERERE  HRIRE T RE 4 ik, @ AHMIERA L E S RRRRISE R, TR
LIE 6-4 H15, B 6-4a PHIFTE TR 0,.02.03 F 04 A MG T 455, 7EE 6-4b
i, o) Fl 0, A FERT IR SR, KL HZEAR b R B s I — N RS A RIUR A IE
BB S, EE 6-4c T, FEARIEX R o5 HATEIF, TRIER F O HAEE I —1
gEd, MAHES LR o, B MR L S BRI AR RS L X ERGITF R
AGERIIE 6-4d Fim . WRIESERER T — &K ELR, xR4T U0 8, s AT LS 2] —- R
4y HONTESS — e S P — oKL, B 6-5a B7s , BEAT LA B — 1 RI53, 5 o) T 0, &
H—2H, 05 Fl oy & B R4, XEERILIM 33 & (cutline) , & 7T UL TE5BER P BT AT
o, AT LAEAY, BT TELSRER TP AT EIL, T LIS IR B M RERI A R, BRI 5 R
HUGHEET A, TSN — LR RFURXRAR,

6.4.3 BREH

RINTUBE, RS HE, S MEEER LM —EiLH, HEEIE
SRR, AT e B B — R IR T B LG B RS S B AR R . KR
E— A EE BTSRRI —%., TUMEREEREMNEE . XFEETEERN 2 A
#5 8 (multi-stage clustering) , 4T HES WILTI ],

B 6-5 Bk T— A FRGERE, B 6-5ah B E TR RGN, HEARATRR
It =N X B FE ST SR B R BE O RO 4, 10 6-5b TR . TERT— 2,
e FRAN b — R [ A B 8 R TR A T 4 A B B A 1, O B S ML AR AR, AT AR B BT B 45 8
45, 20 6-5¢ BiR o |

H—REEE— RN ERAERIE, HEREN O(n?). BTREN— B/
B, R I R AL B R 2 TR LA — UM E 3 AT AR BI B R AR BB E RE, N
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O(n?),

LR RREOLBN —4F R RGBT = — R R4y, B B BT B — A i v B
o IMEERBEMEMRY, BEERAWEEEEMERELRRAKR, TEXFMERT, 2l 190
FHRELBRGS , B E MR B RE D>, B qE REH AL L & 5308
PSR X R FE BTG HR 53 B — Ry, R REER TR X MR RN R
M55 S — LI 2 A e 3 H AR, SR REM IR KR B R R SR .

)
2
N 17 .
@ © 23 Q ~-_—
21
)
.
0) 0, 05 04 0 0; O

a) b) c)

B 6-5 ZHRBREH

6.4.4 HABIH

XA O B R R /N B B Kernighan/Lin B gk, &b T 803 B0 43 )
R MR A9 [KL70], 1 H 238 SOk Bt 38 2 [ FMB2 1 3R 15 S 47 45 R [Krig4 1.
BENERRE/MEEZ M SRR, BVENE, RIS s/ BBk, ok, ZE LT
ATEIDSMO R E R, ZERNERIREC A SR EE TRFER, T HEE
[FFEFET R S H BRI AT :

R E A X B BRI S B TR R U IR B A R SRR . BR R R I
TINTF AT M EANXE, AR R AT RORARSE, REEBRS B8R 12
BT HEEEE S —H. RO T, B3 — M GOF R REB A B 5 G2 B BT B
HZ2EBENE O RESHRAB D . REEIEX X RE AT, Bl B U E B Rk
HRE RN

AT EABENTY R, FER SRR ERA RSB RAHERBIAENE R
EIR R XBERE AT AR R RN A TR REN M RIERAZ B R Z B ahERE LT H
BIRTES , B3R A R s — K. HEE X REBI—K)GE, AT LIETTE HIRaR
B R 43 i BURAS AR B B 45 2R

BB B E BB RIS VE AR AR A i AT AR, BRI TS B A AR 4 Ak
RIBELRL R, ZABRER R BT 5 KIKL70],

B 6.4.2 WME BN MRABNE T IEAR#R, KPRERNBWANP _in=1{p,
P, B Move (P, 0, ) ¥3%F5 o, BB — 4, HBEF R 730 BAMER o, #AH— 15
& moved , IR IZSI R ED BT, G R RS —IK, Z8 prev _P M prev _cost
ARREFESRBE—L P, B Z AT FEA . 8 bestmove _obj REW B AEH K
BRBA AR EI XS, AR B A F bestmove _cost KR, BB bestpart _P RETESE
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8 B A B AR IR 43, bestpart _ cost RN B LA

L R S R A I g, BN ERINE IR 1L . TERUGET, #REE L — 1
n BT, K n BANREE, FEFHE 283, HEREKRG X RBE S —4,
HH ARG RS RN — I iR UL ER 8l . (R 3N E A LU LAERERSF , 50
FTEILRX NGRS . HER2ITER n £GP BRI 3 FE BRI 2> #E17XF
oo ANSRORFERIRI A, AR 23047 T —Feik A BNAE A _ BRI 4R

Hi£6.4.2: RABD

P=P_in

loop
/* FIRAL * /
prev_P =P

prev _ cost = Objfct(P)
bestpart _ cost = ©0
for &—~ o, loop

o; .moved = false

end loop

/*x BN n ABHBFIY + /
for i M 1 E| n loop
bestmove _ cost =
for H—MRAB LK o, loop
cost = Objfct{Move(P, o;))
if cost < bestmove _ cost then
bestmove _ cost = cost
bestmove _ obj = o;
end if
end loop
P = Move(P, bestmove _ obj)
bestmove _ obj.moved = true
/ BT R BRI EER ~ /
if bestmove _ cost < bestpart _ cost then
bestpart _ P = P
bestpart _ cost = bestmove _ cost
end if
end loop

/x SRRBIE R BN ER P, EURS x /
if bestpart _ cost <prev _ cost then
P = bestpart _ P
else return prev _ P
end if
end loop
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VEENERERET « PBIHFRE, - RBIHEERE - RN, X T
BHEX 02 AAEHTRR, BRI EFEREEGH AR ERUE » JRABERE
HKEBA O(n X n 2% n) Bl O(n®)o 7.5.4 FWHFEMIHE R EIEHEHEAR, B B E
BRERERAEH. A TRABIBRABH 04, W ERARENIEEEARAR
7.5.477)  SUAT LAMEAS HAR R BN TR E BRI B8, A A E ki E =50 LIE N
O(n*)o SCER[FMB2 14 X 5 R AR B 21T Ttk B 2 3t — 2B R O(n),

FRBPARE BT RAZHR 7. EZEERIS A THRARKNR, FERER G
FEE B 55—, R IE 2 HRA BRI 5 T BRI b, TR S R E3h 2
Heamsg—4, TREFEIA—THNER bestmove _group JRIEWABIF MBI T RPN E
SBHEI—HE, BRNERERRUAR., B F RSN EEEREN O(a?),
AR AxF Z BRI 5 BB E 2B R O (mn?) o m N R BIHEK

TEZ BRI 5309 75 —Fp SR T 2 b, JetR 8 ZBE R 43 Bk B AL, SR T A B R 43
B R H AL R S N . I E R, BRI AR R BRIk, TR
HP m — , NIZEENERENR O(mn?),

6.4.5 HLEYE

FORDVE R — RS Y, Bl R X SR R i, W T R BB RENERE
RIFHIBR . FHRABZEEN BB, EWE A TR G . ZEREREITHA, H
B RZE SR IE MR A MR BN HAX R X R EBEFVNEHREA SR, &
AL RMRIERARE, AR 6.4.2 T WERASHEE, FERAHNBERE BER
PERME,

XRPHT B8 SR AR T BT AR 43 B B e S, X FPEE B AT UMD BBy R4S, Y1 BI 4K
R — AR ITE SAE NS, 7 LGED A WY EIBOR DAL R4, IR B
HRERRBEVONRE LN TR 48, 8Rifi, R AAEEX—MNER, LA 25
KEH—H TMAENREANLREEEY ., ATHEXFMEL FEN—HBESANRHEK
B, BIZH s RS — s B9 RR ], (E X R ER 7l BE R BURE R B A XD FER RN 2. T
VL EER, L ERE R B AR B X ST A R BN IS BA S H X RAEFE XL,
WA H KPR

HTIRB) EREAR, X BB B & (ratio) RAB VI H. MRS P=1p,,
Py % cut (PY RIS p F p, WHLIALE EH, size (p, ) F size(p,) FHIRAR p, F p, K
AN RArB ELEEE LT R /NERAT

cut(P)
size(p])xsize(pz) (6-3)

ratio =

fEG D HEA SN R LA/ NMIEIE 1 XAE I RBEAFEURIXER, (LR EFE
A4 77 T 18] REBRAR 187 o b o0 (o) T2 6 X 4, AL 1] B9 A B AN, cour (P) R/ 5
G303 W F A 415 22 RBP4, H R/, size () X size (p, ) BRIBEK

ATHRERXANHRESR, ol AFREAR/ADEREOR 72, X R R 5588 LR UTH
[KCO1]Hhr 4 7 —Fia R A E I, X LR BB 0 HAR R, B AR oR R, Ra %
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Wiz AR B

6.4.6 HEHLERA

£ 6.4.4 FHRRATTUE R, MR EZBA KB HE, RABIEAT LIk S B
N, TR A BRI . HEEBINFIFEMNNE RS —K R TERNITEERE
ZRE . HHLR KB E[KGVS3 AR A e # 3h B R AR A F AR, LR K
RN YT S AT LA ah YK, Bl BRI M HERS , B2 32 RS 1S I i A% 3l A MR 3R K B i /D , LA Lk R AR
BHRERE., BRENYHE PR AR, UK A RHE L, B DL R 518 i 2R B PR RIR B,
XFETE R TMRE T #REE 1A B ERIRAS , @ 3R B R A BHA B BB B BRI RS

REHLR KB — R34 R BT BB LR B 86, B W R IR . R BN R BT BEAL
PR, EABhE A BB BT ER, MBS REEA LT BEZ A EABS)
B AT R B 2 YRR 1 B TR U/ o

B 6.4. 3 FFMERT —MERLB KB, BB temp 107 LR WELIRE ; KREL Ran-
domMove T£ 571X P FREVLIEE— NN, B HB B S —4H, =E—TFRRIS P _ten-
tative ; B8 8 cost Ml cost _tentative 53 A 24 H] BLA FHRIR R 40 M B4 ; ZE B Acost FIRRFEIR
R 43 F0 248/ R 40 B A< 22 , AT RE R AL ; BREX Accepr AR IR LAS B3 B A0 4 ATIE B, T o
[KGV83 IR ¥ R B HEZ A TN :

Acost

Accept (Acost , temp) = min(1,e tmr) (6-4)
Y Acost Ftant, BERERBERI D S RTRI 3 E I, Accepr F5iR [E] 158 WPRFR Bl — M T 0,
1]/ 5918 ; B %L Random (0, 1)iR[EI—4~[0, 1]/H FIBEVLEL ; RS Equilibrium FIWT7E 2 HTRE
T, RIS BERE X ENPA, R EREREREERFERA, BT LUANE ER B PE T 5352
YA5)5 , 8 B DecreaseTemp FRFEARIRE B HERIE temp _new =a X temp _old FHER
IR, Ho 0<a<1; ¥ Frozen B R B BBBINREE, BREAMBERELE R, K

P RIRIREEE N0,
W% 6.4.3: HHREBR A

temp = WIRBRE
cost = Objfct(P)
while 88 A BIRAKIRE loop
while B 5 F4# loop
P _ tentative = RandomMove(P)
cost _ tentative = Objfct(P _ tentative)
Acost = cost _ tentative — cost
if (Accept(Acost, temp) > Random(0, 1)) then
P = P _ tentative
cost = cost _ tentative
end if
end loop
temp = Decrease Temp( temp)
end loop

R R T, 7 AL S B AT %, LU B B R4, HEIAE
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WG, H Accepr HIR BME KF Random (0, 1)HR EMER , B2 %B 5, HEBIXTRISH
B4 Accept FiR Bl 1, XM — B REHER . XBIFESERMER , P07 LR
EH R, HABRRRKEE.

HIEBFF[RSVE5, Len9013RH, WREE — MR THEE T F&RS, H HiR E K
B TR, B RLR AR B e R RN A HRABIE 2R R . BEXTELREH
BE EEMEETHURFELRKER, BRARBAALY. FTRMIBRE THEZREEARE
[OvG84, HRSV86 ], R Hl HUR A d 2, X85 R BAE X T F R LK e FERIR
B, BhEEiRET Accept « Equilibrium | DecreaseTemp F Frozen X R EHEEKER,
REXERFCEE M EAZ AR ENEE[Len90 ], HENRERHE BT LRI
REEPRAMEMER . — BT S ,EBUR KRBRB R RS R, EREB KRR,

6.4.7 iEfEHA

R S AR K B B8 T B 3 — e SR X R B0 MR 4, RAF T E I B
BRI RISY , H DX A BRI R RIS % R . RTTH AT ER T H LB HRIFR 25
BRI —1

B —REEREB G R RSP — RIS R, BEPHX— AR
AFRA—, BB EEE R b ET SRR =R 2ok T
85— 7 1 4 3 (selection) , BIREHLIEEE—MERA KR4 P VERT —RIM, Rl R R X
— R R EARAETE T — P, 85 Rl B R 4 X (crossover) , BB ML 3% 5 P B4 ORI
5 P, RP, B3 —RI4 9 — o4 M S R B B — R4 &, ks P, FE94 p; EHEBIP, P, 1EL
RHX—RPRBEEELBEAERELET —RP. FE=FFELELHF (mutation) , BIFEHL
PeHE— R4, FHBEHLES Sh 4 R] () FE LT ROR #EATBE .

B 6.4.4 FMBRT —MRENSEE, BEEMKVIBIFHBEEE AR, K
¥ CreateRandomPart (O)iREI4EXHE O HI— EEHLR 5 ; BRI Select (G, num _sel )TE
G MRMERSE BT R TT T num _sel R4 BE Cross(G, num _cross) T G
MARRRRE | B TR num _ cross N R1453 s BB Mutate (G, num _mutate) 7E
G YRR BT RMFTETE num _mutate D53 s num _sel \num _cross Ml num _
mutate EBRBIEBIHIN ; B BestPart (G)i&E G FRABAKK R 53 ; W Terminate TET
R E S, BIE B 45 R P BER [ BAE , —Fh 3 R KR BRI FFE T —EREm
BEBBIK;TE P _best RAFFTBIHBRARIEEIRIS HA gen _size 15 THE—REHI
BRI 5%

Wik 6.4.4. BiEHL

/% FEHEE—, BE gen _size MNEEHLRIST % /

G=29o

for i M 1 | gen _ size loop

G = G U CreateRandomPart(QO)

end loop

P _best = BestPart(G)

/% HAREAL % /



*‘W#
N
“fo

110

while ¥ H %4 ik loop
G = Select(G, num _sel) U Cross{G, num _ cross)
Mutate{ G, num _ mutate)
if Objfct(BestPart(G)) <Objfct(P _ best) then
P_ best = BestPart(G)
end if

end loop

/% R B SE— BB AR 7+ /

return P _ best

B S NE - FERENI AR gen _size T RI4SY, SR VG T 1T HEHE S 3T FIE S ok A LB —
I M, PR LIRS Rl BE R FH B R AT B R AR )

BB B8 24 RIBRE Terminate FIIE AR KL R, FRCHR AR, BB
HHEEERIRTRS R, BEERK IR, 55, B TREEETERGTESIUTE
B HEFERZHNTG-

6.4.8 EXRLMUMI

Q43 1E BB BT LAGE R MR R AT SR MR . — DML — RIVER, - RIEHNAF
AN R EAE, UK A& X R IRT RN TN Hir R, MK HE
PR SR TR AR A & (B AR R B/ ME

SRR AT AR F TR . SR8 vy, vy, o, v, RYFAEFME, f HAR R R Z;;lkjvj b4
AN HR Ry B R m DB E;‘Ila;j?)j’ < b; IARER  H o b, BREH,
H I <Km o Horh BAR RO 29 sk AN % 20 20 s 0 720 B i TR AL P B A PR R B AR
F—A5 B

St TR R v B R T 2, (8 A B ok R R 4 B B A TEA (B o B a0 R 23 A ke Xt
% o, BRI p; b, AT LAS] A—NEEZE map; = j, XN REIT R — map &
B xR F RS TEANNAEER ., WANETTLIE LER area; ,JARERYA p; WIHEFIT
EE. SRS REERAR, N4 p, HBEKEBNA, XM BARAERA are; <
A. BFFRBATLAE6.3.5 Wi, B LT AR,

IR LELHERR A 8 P AEBEEUE , A A St i Fek i M, B ILP (integer linear
program) o ¥4 AT LAREAL A — 4> ILP, @ ad A R 89 07 kK i e X E R hI ks B H A
Mk, XEKACBE TABWEE, XBEREEAR, BT ILP RBERE NP-hard 1] &
[(GI79], BER AR ERBEAITRM, SHEBUE AW, RERR T A AR 5E
[Len90], RAE#EE ILP HOTE 2 BT DL 2R A5 R 43 i AR 0 45 R, (LA b SCHE B e 4 1 AN X R
SYE PR, KR ILP T ER LR E .

6.5 WEHINREXIS

BT, FRATHEE R — 26 B R AT BB (- 0RO RGO RERI Ay B BR A TR S 08, S ML
ML, LK 6.3 TR BRI R M
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6.5.1 Yorktown iE4RiF 2R

1. BFR

Yorktown FE4RIFAF AR Ky YSCICVEST, CB87], B A— DI REH i ™= A H BB R KK
X, REFABBESRMZEAR, BRBELZHZEZEES R L, #ENRERE
A, H T ER KBS EN AR ES B, A TR EE, 7] LR Z BB H#1TR
oy BRI S BIXT AR S R AT EBEE .

2. K

WE 6-6a FHIFFin, YSC HW I RER A , ARG ¥ B # o — RN FRE K, KR IK AR
I AN F B AR B UKS SREAREE. WA REXEREL, B 6-6bF
PIBEmERIE G T — M T

R4y 93T B IR E — RN P R B TR B BB | X S AR B UG #
AR E X SB SR BRS BT B AR A . BERBE BRI RIETE

YSC 1 FR WAL S BB vk, OF 3 RE/E MR &4, 10 6.4.2 W iim . BT AT
HOEEE RS T 2 &, A E AR Z 8 0 EERER B B 5 H R E RIS W E
R MR L =M, R — MR RN AR ERE S, BEREuRESIHEE
R B po e R RERI 43 AR AP KR BN T R

onn; ; k, size _max ks size _max
Closeness(p;» p;) = (M&%rﬁ?)) Min (si;ei , sizej)] [sizei ; sizej] (6-5)
Hp HERBERXE XM FR:
Conn; ; =k X inputs; ; + wires; ;,
inputs; ; ZTH P *ﬂpj ;@gﬂgﬁ\;&ﬁ*ﬂ)\ﬁi,
wires; ETH bi 0 b Z R ELEE,
MaxConn(P) T R4y P b, IEAXN p, . p, ERIBREEL Conn,
size; ST p;, WEBETHE, LREEEoRER,
size _max ETRIFMERARH,
ki ky, k3 wE.

FERE B IRHRAIHLEEAIEEOR, W EREREH, BEoBoXHeH
Be/NRE , B TT LAGE B RO 45 SRR, TR BSR4 AR 43 o 58 =3R4 B 70 o B0 ¥ T LR
T4 E R RRBLT R

THEXERE 6-6 FHIBIT. HAHE b hSMRERMELE. ANETTLUESR, -7
Fe < (6 DURLRELR, I wires - < = 4; T HALBRAERI TTEL , B ERE wires HIY
0, FEN R =" ERA inpurs, - =4+ 4=8, ERABIEXFHILFBM AR 0,
B b 8118 MaxConnectivity(P) =8, fREERIES +7.“=".“ - "F“ <" HIFTE 120.140.160
1180 4N E iR IR A 0] LASRAR T HE MR :

Closeness( + , :)zg*gﬂx%]xm{%ﬁzz_g

_0+4 300, 300 _
Closeness( — , <) = 8 X16OX160+180 0.8
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FOM R FE S B O BEAT (A N 0. A HRAE A G EE MM 6-6¢ PR o
[l 6-6d PR TEUALSBERIRI S8, JLEE I 0.5, BAE + "R = "R T —
BRI <R TS —BE,

(bit-widths=4) _

LN/ T o [ -Gy
S p /I ¥
wait on clk: ®® Q@ ’\' /7 g,, =Y
X:=a+b; ©. < ,\@, N @
ia<b) S < POy

C=((x-y)<z): 0.

7

a) WA b) BfE o) WMAEBSEM  d) LOSHMERLE
B 6-6 YSCRI4HIF

IR E EREHMA, A2 R DG RETT AR S EE., FEREREtERE A
WEFEATEERNA . XUBRENZEARANELE, FHLEASBRGIH. HlmHE
AR ERAE T LASL 25800 AR S5 3R AR 1T LU 4R AR S50, SRS R BT A i 1 A SR “ 57 BT
BEIGR, W INERERE T LUES RS T 5 . REARERFHERENEA IR A
ZHRMAE AT DL MR E R ST, AT E B EE

H AR T RS SRR, FEE X —1F L E R, BIARUE (simi-
larity) , BN FERAE B A AR UBE R B T X X BV E AT 92 AR AL I R BB . FER 43 Z 50, X
—XHRAE T BB S  ORREHMOE, MRS EERRACITTT LR ZE IR A #
e B A BRI . 7R 7 G , SV EXT (8] ) 20 18 5 AR DL AR 3R, (AR (LU 2P E 2R
S B RERIEE, TR

Closeness( p; , p;)’ = similarity; ; X Closeness( p;, p;) (6-6)

B 6-7 LM T — - AAELERS R F. B 6-7a NE 6-6 HHIBIT, IR B EH
0.5 80 3.0, B AN RERATEHTEIF. AW, + "R ="" LI#T &I, BAENT
DATESE B R R R T B B EE R . TESIA T HUEREIRE, B 6-6b a7 &1
BAER AR, P A THUEN T ELE. £E 6-6c 1, BRI EARTLL T AHLL
BOARRIRE X8 + 7 =" Z R B EE T T B1E 3.0, 7EMFA THUER , Bigintss
RINE 6-6d R, T UAFEC + "M ="M FE—HN, MBI EHLERA -3

qi@" + - = < NO @’
AN 4231 ) Z B
@»\—O-ll\@ -[xa31 dhe \@«\ /g)
=X X4 1 WA
0(@)/@ <X xx 4 (@Q
2) LL3 O EIE R LT b) HAEHBIER o) HABUER B o) BB

K67 HHMLER YSCRI5r

H TR R 43 R T R R BRI, R F 3R A KRB L. BT &R EEH
AN BR T e 4% 1L bR B 0 BB A A R T 3R %%
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6.5.2 BUD

1. AR

B, A R A 2R 4 X TR R R B SE AR B R K 92, BUD[ MK90, McF86 |t =2
AT EPOZAEEmR E . RERTTEEMEBREHE, FRARZ“ AT T HEER,
XE(E B RIBEAEL S LR ZHH. HITES R RS B AU H AR SEAS R 8 B
WAl

EEERGEATHE 5, BRERENITHE &4 BB AL, XTERRTHEA R
VA ATE] . BUD @it *t CDFG #4E4 s B R 45 , R fa XA R 43 43 3347 PRl , AT 92>
TVEAEE] o X —AN4A R BRI S B BT SR B BE B, R AP S R E A B, A
FERST BRI S , BLABAE XS W AR AT SEABUR AT

2. Bk

BUD #:%5% & B8 105 AT %5 B B 8 CDFG, 885 ¥ CDFG 4 & I #AE , Bk 7RI 4.
BAER B R 2 BIEEE B R |, EA SR BRI . RIGERE T s BMEE , X =
BWR&GETRIRBERRKAER,

BUD 1 F1 /2 AL 45 BE B 3 XHRVE B AT R 4, e RN RE R M B, O A
BE EHERKEE FFTPITRRTRENE, AR IhRE R T m AT IE4F . BRI s
WF R

FU _cost(o0;) + FU _cost(o;) — FU_cost(oi,oi)
Closeness(0;,0;) = FU cost(o:.0))
_ i+ 0

( Conn (o;,0;) )

Total _conn(o;,0;)

— N X (Par(o;,0;)) (6-7)
HAp&WE X THIR:
o; 5 i ERAE,
FU _cost(0;,0;)  LABTREFNERUN AR BAR , 58 B4R 2 BRAE T R DI RE SR TT I B/ N,
Conn (o;, oj) 0; o HERELZHE,
Total _conn(o;,0;) HH o, Mo, MELSE,
Par(o;,0;) MR o, flo; REFFATHATA 1, B RA 0,

BRI — IR A FHR LIRS SE IR LASE T 3R A, X AT LA/ N R o Hednin
BRI I STELARAL , B M 2 i — S AR R AT AR Bk 88 . BB IR B IRt
ERAE IR, X T LB/ R TR . BETOREA I AT LU RPITHHRME, XTURBE RS
HIPERE , B AR SR BT NMRAE & HFE— RS 3t RBEIUF AT , R SFRMIRPERE

KT HOEZR, TR A R BT R P M EE R B A, s — IR L SE AL PR
& o; Flo; B BOTHEER TR, R LA B, XREEA G/ IHFBBRIER. L
N4 452K 1000mm? BITHAERITTH 10mm’ RIBEITAH LL , BARBTE X ERA R ME K.
FEZITEL o; B o; FEM K FI R AOHAT B BT IO FT REME , FERR LU B A 39 P . XA
S R B R E R RIRIEE A S BE I, 3 FIRUF AT, BMEX SR AE AT IDF R PST . XA
A BRI/ (4 R, 35 L RE t 2 A B A A, B S 6 6 PR A 4R A0 Xt B8 A ik RE A B2 M 1R

N
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I R R, BUD 8 R IR ESBER, il — 4> B AR R BOR X S5 BER B )&
— R oy HEATVRA % B bR 58 BOR AR AP T B TE] B AL

BRI T BTN 850, THE A X R e (] I B A FLR, B — R, e AR
UTAE B -F 39 4B J 37 12 I A X R A At X 52 (8] A HE 18 5 FRIR, X o e B — N DI E BB 1Y
R 53, W AG H AU ] B R A AR AR 4 B S B R GG T A o 25 .

3. # A

A 6-8 Hvili ik — 6 F ok BB BUD X453 60K . BUD ¥ & 6-8a 7 5 AT M ¥ b A
K 6-8bH ) CDFG(3EFR I CDFG 2 5B —MAFMIE X BEAEZ A X BIRA W) . ATt
FEME ETEA T HETF G, RIS o + b BERS o, R a =6 BWi& cond = 17, BN cond =
‘0" AR cond = U IBAHE ZDIHERIAT, EWEER BoDHHER - y<z BIHLEES
FIEA C o

FFH| (bit-widths=4)

a b
;x ;cond
cond
0 ]
X VvV z
X:=a+b; i
if(a=b)
c
a) A b) CDFG o) BAFERIEHE

& 6-8 BUD i F

K 6-8c s T & AN Z M T BRI T, §ABRREH FU _cost &
W FR

# % T fE B T S
+ IngkEE 20
- WIEAY 25
+,- Tnikes WA 30
< DT HBER 20
= ETHWES 10
<,=,> AR A 25
HbHE — A

BRI It , i BRVE T o B TH BE B ST RS 20, T 9 250 TORE BN Ao & R B — 146
BES  BAA 30, 3% H BT RAE 45 B M B R0, X R B R ek T DAL SR, /TR
¥ T BRI L B/NT 7% F /KT HOESRAE R A WIS FRb . HABREL G5 H R
A ¥ h 4B IR B A RO A%

WRHE FU _cost 38, F-MBAE BT A BARAR L 4 00, E AT AT b AR At 8 4 22 1] A9 42 30T
{8
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_20+10—-30 4+4

Closeness ;. = = 30 +4+4+4+1—1=—0.38
_20+25-30 4
Closeness + - = 30 + 12+8 0=0.70

Closeness + < = 20+ig 4O+122_9-—O=0.00

HARRAE X E B E TR B S BRI E R

B 6-9a A T— 1 6.4.2 WHh R Ty IR E B EEHR o X axX 45 BER AT L3 i I Fh
AN Iw) U1 5 75 B IO AR [ A R 43, Xoh 4R 43 B T AR [T PR A S5 R A0 A 6-9b FTR. X
PR B BUD FE— 1 BARERE Objfct = Area X Time iHYET . HEHATLIER W, B4
BRI BE=A, ERIPBEAGRRGE TRRRA ,HE =B E R A — 1
A%, BRI B — R4, fnE 6-9¢ iR o

'»>°° @@
0 K7
& , 23 AVG(—0|90[2)_ @
v B @ 0433 ,
+ < ! + - < + - <

7

a) LB NEL
B SAE AW B | [GA Ifar=—=
A [HET| AXT - +-
=< 175 | 36 | 630 —
T |1ss|2 |an oLl : .
=< | 138 [ 26 | 359" ' N || 4 _|
=< | 16426 | 426 N
7
gy g
b) V1B ©)

& 6-9 BUDZXIAHIT

7E BUD #, i FEAEMHRE I, B EHT F R4 LR, HERITENZE
AL PR T3 4% A o SORIE T BR 0P B 9 280, LA R S T AR IR T 1] 23R 45

6.5.3 Aparty
BUD BARGIEF B RIR, H— BB M R, SRR ERASGHE
B BRI ESE R PR i, AR RN ERITENE, BRI ET S
BER H - REBK hEERTI 2, DRI T X e E B e BT R
PR, B AR A 2 S W] BEE X S FR S AN LRI BUAR 48 , R IR ESR . HoAth B B o T RE
LB, N T RRXBEAN R, B ERE T Aparty[LT91,LT89],
F— AR B SRS RN . R B SUR R4 84k A M B 1, TR
AR —SHRME, B BIA SR — AR SR R, K a3 EE D FrErmE R, M
BEANRR. B TERES BTN, B BREEEAXERETHE—T. A5, 81k
BEAT LAGE FIAS ) Y B A eR SOk X R 43 24T VAl
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ik

1 BUD —#£, Aparty S AR B BAE 5, R HF S NELR IR E . FEE PR
YER 53 R — R IR, Hh AR — B8 8 PR B sl R e il AL 78 8% (R 42 d 85 A K
PERE) . XBEERPHE—NFARATRBE B SR . EROBEH BBk
o R4 H% LT RE ST EFYEE , \T UEARRIRGE B A

RHRATESREHED:, BIRBETERINERBE TEH=" B, F—REI#%
#14% #r (control transfer reduction) , BEEZFEZ A fF %5 BRI, BER72EE™ 421
Pk 58 IR a0 T8 2 1) 518 A0 IL , RE VT LUET X B O MR SR e . SR o
%%#ﬁ(data transfer reduction) , BB/ 45 8 2 (8] F T M BRI EL , X AT LAE #E 4 5
e, =8 % F 4 (hardware sharing) , Bl 3t Z R BETR BB EG KD, HE
X = AP R ) B B AT LATR B AR SR, T DR 4 A AT U .

B 1ER 2 FI R M (control closeness of operation) : XN R EU B 9 R/ il 1,
EREAN TR

Closeness (o; ,0;) = Prob(o; lo;) (6-8)

K Prob(o;| o)) FARTERRSME | PATHIRTIR T, 84E j PATH AT REN:, KPR RIERE T—
AT CDFG . B 6-8 H,5H Prob(o,,0-) =1, EIRUBE] Prob(o+,0-)=
0.8, XA BREAIR B IREE— I T AN, BB E— 5 BRFPITHRIEER 5153
3t

LB YR IE M (data closeness of clusters) 13X/~ R B R B/ BEREH . iR
BANTF AR

Closeness (p;» p;) = Conn(pi, #;) (6-9)

" Total _conn(p;)+ Total _conn(p;)

R Conn Fl Total _conn WIFE X 6.5.2 1, N RIET RBIARIHZE, XA R4t

AR F RSB EERME, DR RIERRE Closeness (p;, p;) T AR Closeness (0;,0;) o
FLIE 6-8 I, X RECIHESHARMNER, ENERFSEBZARTERTFERELRE
g &

&5 BE 042 81 85508 4 (Control closeness of clusters) : 53X/~ BR¥UH B R Kl k5. #IE
BREAN T 7N

Closeness ( p; » p;) = Prob(p;(\ p;) = Prob(p;) X Prob(p; | p;) (6-10)

K Prob(p; ) RERE p; PEIMRAEG IS M Y, P B MREHE T CDFG WIE—1 K
e, XA BB T8 5T BEEUFAT N R R F — 2 BTG RE, A RHRAE. R
T (1) XA BRECE B RSB T AU BIEXT . (2) IR FEHF CDFG hE&H R,
BHINES Prob (p;) B F Rt 448 B 3L R $hAT 82 4R 8] ) B0 8, & TR A AT 8RB F R
8, HFEBATHREF R ERRA, BABEIERIEH, NTREERE. (3)Prob
(p: N p;)F1 Prob(p;) % Prob(p; | p;) A%, XF/MER BEIH RS, B 2 8 &R A IS
—#¢ ., Aparty # FIX B A Z R KE

LB S BSR4 (parameter data closeness of clusters) : iX ™ BREIH) H RO R ek D g
&, BORREIN TR
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CommCalls ( p,‘ ’ Pj )

Closeness(p;, p;) =

B CommCalls( p;, pj)% bi %ﬂpj FEAHNEBROEE; p B— 1T, ExternCalls(p;,
PR p; PRRSEE p, BEREL R BE ALY 0, XA REHE FAHIBLEFERE
BHRL KL ESENGER . FEEERE, E— NI B H A G 8 8 FH py s , X 9 43
B EW/NMERE, AR ENSBIUER SRR, IR AX BN SR Z RIS
BERE,

B 1ER) Th Bk 8 5T H = M (functional unit sharability of operations) : X1~ PBR¥H H B 2 &
WAL= B BREN T B
>, okGPiY(Ok Lo size(p;) + > akep‘Y(ok ,o,) size( p;)

size(p;) + size(pj))

Closeness (p; , p;) = (6-12)

HAp &R T R

Y(Ok,Oz) VolEp,f(Ok»ol)/\g(O}z’Oi)a

flop,0) WiR o, Flo, BB TE—ERIZE AR 1,ENR 0,
g2(op,0,) WR o, o, REALE—NIHEEE TN 1, IR 0,

XA R EE R T A H R AL Z AR T BB T A ERAE | TRk S B FE A BE R IR THRAME , B X 26 2
YEX B E BT R R FE— P ThRE 00 L BT AT, X B RS tERE. R X B CDFG £
Gk Bz un i) 4

X6 E AT eR BOER AT DA R e B B VI IR . 76 Aparty PR T =2 Bir R, HEFr
FRB—NEEREITEREE. E—-XERREYE/MUER, BdE SHATIRERT
B/NECE , A R 0 ThBE BT N £ e B 28 I AUHEEA TR AN, AT LIS BRI E AR P . 38 — KA R
AMEZEREZ A EELR B R . 740 RB0HE I 0 25 B U ) SR B8 B BB AR/ N SR SF 3B T
8. BERAB/MEREERE,

St F Aparty BB B ¥R e S, (05 B B K E IR 2 A E &, Nk
BiTEEBE N X BERIREIBRE , stRERINE AT R , H R/ S m
L

PSRRI T R 85, BB — T R Closeness (o;, 0;) , ¥ FEB—X MR, it H
Closeness(0;,0;) o HK, By ERM, Bl g x A2 MHESHEHITRNEIE. B
W, TR HARBREL, SRR T VI BIZR R E ORI AT T . SR AR, BT R Y
TRy, BEEFRRARKORDY. WRFTERGERED, WREFHNIITERS
—, BRALRBENBERGETENREA

ﬁl‘l‘%‘i?ﬂ@iﬁ@ﬂﬁﬂ%&ﬁ@ﬁ*ﬂ Hirek%K, U&T“%ﬁﬂ%ﬂﬁﬁﬁlﬁ]%%ﬁ

6.5.4 HMHER

ot T4 58 BB BGOSR TR, [ Geb92a ] FRR M B R BB 1 K A1 BUEE 4L ILP R EHE
Bk ShEE SRS EEFES, E[GbR2b]PHXMIERT BBIZEH £, XHE
w48 — P EEVE R RE WL 2145 E S I THRE AT b AR5 B A E M BOARK UE IR TLP,
K ILP HACHEE TARHEE

[KP91 3R T —F 4 CHOP B9HA , BE i e 0t SO i B iR 43 AT VAl o XH4R%E

6-11
Z kExternCalZs( Disbr) + Z kExternCalls( bi»br) ( )
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R4 BB — AL, X R B S A — RIS B SC B, R R R R 5 R A e
FlEAHR, X—4BRHE—AHER TR LA ATREEI I %k, BB RGEp LT ]
BT L, B H BRI RER RSB P I B & R PR R LB SR R
R1 st 32 AR T AR P BRI 4 TR, SR S B BICHE B 4 g PR AL

6.6 WEHSEE

TEMARRE T LB R LI AITER . THECH LS AT, 7T RIS il &
A, EAS HTEw, FIAHRE SO BB AY % FHEE (440 L B s R iRt . (ERE P REGSIR (IR 4F
HItERE. RARITH B B2 RHRTRE N L AR T B RS, H R H R AT 6E
BoR, BRI, T BT AT REAE AR (4R 2 BT BT BE

SRR (R A3 TR 6.4 1 45 h i SCRRLRY 43 18180 — R e 51, RO e ) — A E B B
A ALIERE RIS Ay . B EE AR A A M RERIRE A IR R A B i R X
SR PE M T AR EERE, R 2 AT LA/ NETBL X R s AR (R A T B R E R
TE3x — 3 B AT IS AR (R 43 [ R i = Fp TR ko
6.6.1 ROHE

X R R B R , N — AR 4 FF 86, B Bh RERE B0 R 3 45 R BT &, A R
BT iR, HPHEE Move(P,o,)Bit¥xt R o, WA 3h B8 {4 (S M REH 5 3 Bl 8K
), iR Fl—NE RIS P o

#Hi%6.6.1: LB

repeat
P_orig =P
for i A 1 B n loop
if Objfct(Move(P, o;) < Objfct(P) then
P = Move(P, o;)
end if
end loop
until P=P _ orig
B 6.6.2 TRHIGDR]IFAH T R OEE, EMER 6.6.1 ML IFHT TR, LMRIE
W EREL R . Bk R REL Successors (0; )R E —HX R, EATEE R A NENTER T o
BYJS 4k ; BREK SatisfiesPerformance (P)TEXRI 4T P W 245 T RE 24 oR A SR [T EL(EL,
®i% 6.6.2: Vulcan 11 B

/x SREHFHIFIRRIG * /

P = {0, ¢l

repeat
P_orig =P
for BE {4 94— o, loop

AttemptMove(P, o;)

end loop

util P = P_org
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procedure AttemptMove(P, o;)

if SatisfiesPerformnance(Move(P, o;))
and Objfct(Move(P, o,))< Objfct(P) then
P = Move(P, o;)
for Successors(o; ) #I&—1 o; leop

AttemptMove(P, o;)

end loop

end if

BEYIFEE R — 2R R, REFAEHRER R R R, XI5 R 25
REW EAPEREA R (PR |, SR IR AR AT I A e B8 ) o MEREWE R MR 4> BL 2
— AN R T A M RE LR BRI 4y . BRSNS, AU E M RAE W E W HIE &
PERE(SLBR EXEEWEAMMRRBEOAR), — BTN THBS, AR EEBSS
PRASE $:3 R 3

OB, (HH FE SRR R RN A

6.6.2 MBL#E*x

HTERAOBENRR, PR HFRE TRILE S, ERIR A ., RLEEREEX
15 R B, BRI AT RARK 2 BUR R/ . REEET — IR R4, 85 DL R B
CIe :
7E[EHBO4 | FF A48 T — R v, B AR 0 T RAWBE R4 RGN R 5>
Bk R BOT 5 MR S BN RE 1, LAWE B PERE LR . X Fh IR Bt AT BEHE X R B RS B
SRR, DT 98/ N {5 B s

RA T

F T St A R 1L R 4 B o B e P 9 B A R B, L A TE T LA R B A IR BE
AR/ MR AR 2, e HTE A R PRSP, B 6.6.2 PHRAREA
S A PEREZTRIN, M 2138 T 3 ) B 5 B8k 0 AN i R PR BE RO BT R AR HE 4, AR T &
RASBARER/ . FeRLEBEETEZHEEEER T, FEREERPERZRE
B A AL, XM RBETEETE TR BHESART, ABRRETEH
R4y, B R 200 B M BE L TR B AR/ ME R T 3147 -

=R T R R A RECP IR RR R, — TN TR HREA W R AR, 55— I
WEEAER S, AR B R R AR R B R K HE ; BB/ MU R T RLR RS
o A REI TR BN

Objfct (P) = kppr X 2 Violation (C;) + kaes X Size(hardware) (6-13)
i=1

R Violation (C;) = Performance(G;) — V; JINRTEER AN 0, B by >>
Rarea »TEL By £ TR, 75 T 3o — A B A 5 R TR A R 4 A — AN B H A RAR 2RI 43, Bk
FTEX Ky X . .

SRR RS Bt I 40P 48 4% & el JE ik (performance-weighted hill-climbing, PWHC) . FI#
6.6.2 ML, EREBEB R BT RIS R
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6.6.3 ZHHKRBREEL

PWHC 7E A R F 25 18 T HERE AR AR R M i BB R, X RS 0L T B REAR AR L st O
BREIMER, BEAEETTRRBE/NES, X T EE B LOE THREHE
Al ) A B /MR 12 P 3 B O o BB R 4 ) LA Sy R R B/ INRE (R RS R, T XA ) A
AHEE T RIS B ER BB RA MR, TG, SR RSN B 2GS EN,
IRE—NBRANE., EERERD,E— TR NN ZER B/ NEG R . RER, X
HKAE T 8 BRI ) B RSB i A8 RRAROKR R

T AR TS B/ MO EE R /- B8k, % B 2 T AT RERE (R SRV B b AP S A R,
Wl BCS(Z A AR R)BE, BEPHAZR low Flhigh XFR ST RLRT , Fil
AAHRFTALTEE T’ mid BRXNDHEERFEE, 5—1ER P _zero RIFERIE
B B/ MEA AR ERAR 3. BRI PartAlg RFEERRI DB, IR KB

#Wi% 6.6.3: A AFIER(BCS)K/AEHRI &

low = 0, high = AllHwSize
while low < high loop
mid = (low +high + 1) /2
P" = PartAlg(P, C, mid, Cost())
if Cost(P’, C, mid) = 0 then
high = mid — 1
P_zero = P
else
low = mid
end if
end loop

return P _ zero

P BT T BRI TR [ P, B A A RO, I3 B B R A A SRR B R 2 A
BAREGHT RN . BEIERRME A RE R ER LT WRSE) . H—RER mid A
KRS P TR R, RIS B G5 R AR B E AR, TIARME R I ) mid P TTRKIF
B, HOREAS 0 #H47 E, MZEARER B P 4T R 5 R BB AT L

BN B (X R KB 14 R 43 1) A R B — B 43, () A BN BF 5T A AL TR B B
[TAS931F1[ KLO3 IX K BHBI#AT T 455k , FridHit T i v BE VA R RHE 4 Hp R LA 6 ) AL
[EHB941#1[GDI3 /M & T HAEMRI 2 R B AR REBIB AR, £ YEBHO3 |2 T
— PP K BRI AG R , B BB R PR R 2 FEAT A

6.7 RGEMEENS

FACNE TS ERE R RGN RES TR HEAR, T m X Hos AT R R
Rk, SRR IR BHBIR L, RETTHSTE 6.3 1R B MAEX R
6.7.1 Vulcan

1. BEEFHM
Vulcan H B84 4. Vulcan 1 7E R —4~ ASIC B/MIHER T [GD90], FEZ 1> ASIC
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ZIAHEATHIRERI 73 5 T Vulcan 11 7E3KEE {4 2 6] 347 R 43 , AT °T DASE A B3 R 4R 443k 3820 ASIC
B [GDI3 ],

2. Vulean [ #i£

Vulean I I AR—RIUEFM— RIS F o R4 RET LLREFS 45, e LIRE
AR E B LB Vulean DA KIS HALNZ WL CDFG,

Vulcan I & 6iE FHRLE #TRISr . IR RABIN R AR KR 2, CDFG B4 S8
SR ABARRLE , BEE H#TR

Vulean I Z#MABHAELIR KB, BERATEK BIRRE, B avgewr RITEH p;
YIS ME, T BABEKE, marschedule BRAFHIBRKEAEKE & 1 &, BEH:

Objfct = ky(avgeut ) + ko ( T-maxschedule)

R R T AR 5 | BRI AT B ] 24 3R B R 3 BB B A R R R 43 o

Vulcan 1 #i i CDFG 4345 S BUSTBLE A 1B . CDFG MBEHE BEARERES
TEMEA, X80 B EHITEE .

EHRBNT  H S IR EAR R AT R , (REX S R 7E R 43 R A B 4
Fr s AT RE R A B TBRAOLR T A E0HE IR B A0 R B < BE AR AT VA 5 R R A R
RISE S, R R TEw R AR, WS AREN F BT, RGBT
4y, EREER BB ERELHEIHRG; BG, ENER WSEHHITERS .

3. Vulcan II #i£

Vulcan 118 A — RIVES R BRI, B3R5 . EREBIERGEMWRE—
A b IEES DA BN R KESAE — T RE BRI — A LGEHE, A B
38 {5 AR T XA A8 R 58 Ao

XA R LG ST THRIES A=, B LRI ENRIERARTREERE, XA
B P A0 5 S MR T 5 AR , 1 B S SR R R 3R s SRR el PR AR i
IR, HIMKE TR OB & L, A RBRERHR A RABAERIE. Fra Mm%
VERTIEA R , BB AR R B 3AE . B BRI E IR E N REZ M RE I 295, R 5 e R 1
EELHAERAE s U R TR SN E R RS £, B, ABREXT T R E
BAEHATRI ST o

Vulean I FEHAM HFRRE S ABGR T BE/AGEHEEE . BRW R QR EHE
2 FH S ERER NN RS LSHER. BHEMA6.6.1 ¥ hRBIKERES KGR 2
Bk, FFER45 BT e HER SR b, B e R BB AR AT R T B B 3h 3
WL, NI/ NE R A . SRRMEENEBRRESRETANEA

6.7.2 Cosyma

1. AR FHH

[EHB94 ] 42 BIAY Cosyma i R X A B9 —411E 55, BB A S E R R KB R R 5
# ESCIRI4Y , 3XF Vulean 11 AR, BEARBFRALI, RIE(DWA KT PFTHIR AT
AT HRLEH , ot HEEZE S ESCBE, ()T AR A B REW 2R HERBARNAR T &
¥R AT REZ T RERI A B8R4 B

2. m&

Cosyma #5565 A BUAE 55 238 B AR, BT RISY . B Vulcan 11 RBIE BAnE R
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g0, P S — MEE S  — N REFAN —AREREST T REBL, BT RKEE (R E
EEERG HK LR

Cosyma {5 FHE B AR RECH G5 & T 1A R PUFT I [B] P8 {5 6] . Cosyma {5 A L1 K &
SrE, A LM MAE . ENSRARIHRRIS TG, BEEN S Bsi B4 £, HE
W REREZIR A 1L .

ERARM RS TR LR BT ENR ERIDE, BT ETUMEH C 4%
RFIRE LR A RN HI L BURE A0 57 , AR XS AT L, A RPEAL R R o AR ¥E
RIFEER, BT EBRERFHITRI D . KRR ERSA VGG REZSI B Bn BB+, Ak
BAFHEHRI

6.7.3 SpecSyn

1. R

£ 6.1 WHRF T RGP a9 EERE, 4 B R G A e AE RIS AT R o
FE R RSB AR B R A XX B R T BB BT L A Bl T 4% 1R 4 S RE AT 8
SpecSyn[ GVN94, VG921 =4 H B R X% AEHAT T /B . F—RAE TSN ERX
BRI R A, X EER LT REE, B ERINEAREE L. F_REF
T A BALE(SEE T ERITHAE, SITRAT VI RAR T A PiTHIR BB N e, £=
R R 5 R RS MR R A B R G BT —3 4

1E SpecSyn A =/MEH B RIS B, H— BT B B R b, 105 RS
HERDIRAR 5 — W T B BT L B S RAEABA AL b HARISHARBER
B TSN,

FAN  TEPUTRISME 45 B9BTH% , SpecSyn B4 THRIFNXE RN, XERXEHERGER
H T RIS, EHAMEAT, B TR R ELRERK, Bl 5 HENXE
TRA R, T SpecSyn Bt B2 5 M AT B BB BR IR , TR B — P Se AT, IXFEY
R TR FEA E ShA AR AR R RRAT

2. ik

SpecSyn RIS A BT S EHR I =R AR MRE, $—FRERE IS4, 8
—FaE TESHTOR, S=FAEAE, RiTE TS A KRR 68 A R EORLE .
SpecSyn X ER RGALE RS BHG BRI ES FHRETER)MEBL(H
FiERE). EXBNERARES N TR ER TS EREG R RATHE KRS s
o/ FEAEER A/ AR TR COERAMRAL . B REC SRR R AL, 3 B AT 1A
E T 4 I A R A IR |

W EFRR , Bt SRR 5 P = AR, TR S RN R AEIUT , /T
ZA] L DA E A SR AL T , 36 AT AR S SRR . 1 240 R 4> B S AR T AR SR 451~ R 43 1)
B, BRAG B AR B R R 40 82 B B A E AT B 3R, (B Bk 3 S S HF RN AE . SpecSyn fif
R BB AR 408 3 , B) PWHC F1 BCS(L 6.6 ), FHE¥ % SpecSyn X FFit) JLF 234 &
FHITNE. |

3. AWARAELEEATA

W4T 08 G 1 B ST AL B S8 AT, B ML AT LAS| DU B . Z B (intercon-
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nection) BT AL HELREMMEITHE. AIFEBRREBRITHITLIBAF T, #13 (com-
munication ) 24T A7 (B B0 15 50 07 B8 O B0 EAS (B, B R TR EE M E L BAHT M,
BHEEE 2 AT A BT LA 8@ 5 8 ], TS B34 BB, AR A 47 (sequential execu-
tion) F A R AE , MEAT R T 78 M IE B ) BB T 0 UBRT AT ROBHMERIEE . BT IRAT
HOAT o B 5 30) ) — N4 ) 2% _E RN S FRARMERE , T0KE AT LU & BT B0 4T S g B[R] — 5 o 2%
F I LREAEPERE . B4 3% F (hardware sharing) AT H[A] REIL B2 BB AR BT oL 20 LA T 4%
REILZRE (91T AT A F A LA/ R ST,

4. EEwW42 A4S

ATHARMERASHAEFMES LU, E=1BEER, M A5 19 (sequential access)
R RAE, A8 REBIUF DA et R B o K U 1] 9 728 B B g B[R] — FEfE A% LR BE
HEBE , T8 AT RASEAT R IR 928 B B IR) — 77 3% 100 & B3 FUila) sh R RE KRR, & R
% 191 & (common accessors) 217 8] T A 44 @ A B AT B KX LA BT & I 7T LA B
B, TEANLE (width similarity) AR B 22 (847 58 A ARIBE . AL FEAHRIK AR & H AT
AR /776 28 107 FE TR 2% o

5. @A EL

HTHBRBENHSHERR ELH A= AER. WMABFREARME, S EERGE
W B] B BB B . BT T ) B TE s B[R] — B2 B R SRR MERE , TR /T LAF AT U5
1) ) 368 3 Bt 3 ) — kb 2 phy T 19 o R T FR IR M BB o SCRR[ FKCDO3 ) Fhxd & I 17
@ AT T, B ER VA EBENITARE, BXEEEHTE T LA
S BRERE, T AARSLE REE 2 A R AL o KL AR LB E & I R LA AR
TR

SpecSyn R4 BS i B B — B ST X R, AT IME VL TR A ML TE™E
B, B S EREN BN ESAN E TR MERE, TREGHIE S 407 M
k2%

SpecSyn FIESHI R FRITHF MR LHES 9 = BT 4TS, X B KRR
B RS . FEARRTE RGN EXTTHREX RTF RIS . N ZBIIREXT R AEB
B E R, X R FE MR TR ATRE, i ETUFSHRSREAEF. E_FEENE
Wit BARREGHETE S, BERIEGTERAERFIBERTHIIT . SERitENE
BRAEEBERFERTEBAITMHEE, U FOX S EMAEARZ BN RS R . B, iEext
Sz A R MR B LA IR LA I .

6.7.4 HHER

W E — RINE S5 F—2H BB Ab PR S , — MR 19 [ A R B MEF TR E 2T E
HOALBESE | LAWE R AEREMA T, ORI SPO1 TR R M — R BUAR K IX A I EHAT Y3, B R
TR EESE R SE , AU A TR AL B SV M A o BLET S A AT 55 AT 55 18] B0 Bl
1, RS AR EERE. B FER LA RNLIRRER RAFESH, U
B 4G AME S 7E B KA FHEE | PAT I ], b BB B A0 AT 45 VA B IRl R AT LA — > ILP R97E
KEHR, BOHEKEASET % ILP AR,
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6.8 HMPHIRE

i AT AT R IR EAT SHRE R 23, A X 2 R AT IR RN T 6B, 0 T UEHHX &, R
ETHEXNREAGNODBRIENE, HE—LRGHMMER, LIRFESERURFZHAF
R ﬁﬁiﬁ%tbﬁ?@xﬁ,lﬁ HEAR T EBEA R EEPREERE, MR oL
NEEHBBLEE, ES AT LA 2 LBAEE PR G X FRE R, FHAXN T
TFHER T B R A FIPERS BT L A shZE iR, X Su i B gl BB TR tRIRAE .

“F i B — 5] T 3k U B FE AU I G R SR B, X R IR A P R S B B e A
BEBF. REIEREEERERMAFTNEE, KRG R RX B | RAGH 55 DL BE S B e
PR, XEE R SER R ENAE,

B =AY R, & B R A 4, BN RG A AT AR SR AR A AR, FRATTA
BRIt A, SRR THRESTBCES 4 b AN, BIRALFEEE7E =Rt A 41 L #R AT LA

HHESHEAG R4, B B S R W RER BT 3R, B AR ERUE AL 145 Eo6. Xt
FHRF/ME TR, B0 REINRESAT B BIRIS, FH% B RERERE KN SIHEAR, MRS
W R /NS IR, SRR B B A BT o MBI T B4 BL P R GEEREREAT IRl . XX
/MﬁHC A A ST R TE Sparc 2 FFEE 2.5 /MR,

B 6-10 ths i THES R, Hrh 8 & MRS — N A X B &8t BT D RE#R e
RhFEEE |52, BT &SRR E, SHHLRE AR, AHESLES ARE
HHIEE . BRRIEERASE ORISR, ER P AE BSR4 1 #ENR (R
A), BRI —AEA 20 000 [ THIET I . A 4 2 AR T ML HERERIR (A B) , (RS
BS R TR T 20 000 [THGSH o R 4 3 SRk BIHEE M RE A AL A SE AN Bt , an s C B
. RN EEMRERAE, T R ESRMEAETE 650 PP LA FEIE IR A A 1 R T REER
BmAED),ESE— TS, VLK 10 000 l’]ﬂ‘JTL“H‘o

1200.0

10000

8000

AR ()

6000+

4000

0.0
20 00 200 400 60.0 80.0 1000 1200 1400

BA (%)
B 6-10 PRRE R RG T, SFh A AR R AR RE T 455 A
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MTREQETR, AEASTEFTERNER, GERAMARGEERE —RKETERF
(NRE) J0#8 EPRRT PR E] A7 T KT RAER) K HFS X AR BT
R, X SRR Z W BGFE R — AR 20 T, Xt e i i &R R ERKRREA .

6.9 SEMERAR

IRERI S B RE BRI — KRBT, EXNRARITHREA ER AN, TheEk
23 AT SRAT R R TT 4R BE ARG B B G SR, TR X R 25 5 WL 2 BT 3 , T LAZERI r P
BRI TR, X4 TR AVEX AR st 47 B 18 R, M R AR 4 8 B 81t
A — A ETE T RIBATHERE 7 AR TR P iR 5 AR S &, SERTE AL T RO T
SCRY , X BEAE AR R B A B AL BT T

AREFRA A FE, FERHSERSEIE , KI5 PP T BEA S HER , 18 7] LA BT AT
. WRAEIRRERAR A B SRR SME S 1S5, AR A E R R ORHR SR RE RS A FX LE B
RGO RE . AR, SEI P ARAG A BE B ELRU R , K1l 2) S B 5 R B SE A AR o

SR RSB AT LR A TR A R RIER. BECH —&x B BRI 0 # T LR E
¥ (XD RER] 43 AIE o IAMEAS R Y IRVBUR , 38 o i 27 AT BB 4 LA B X B0 B
BHTHOT S BRI 4 R B &

BLEE Xt R4 R B A B, X SRR AR . QSR ABTE SRR AR BE EHEA TR oY, IR B AR
BB RIS R

Y& RGERR BRI . X B AR 3R G0 891 BT R AR — B, BUDURAT AL
BB AR . SR R G0E % AR 0 R B e R B X — A i BT
AT HER B SRR 4 B AR AT A BB AR G5 SRR

B2, B TR E S BRI, KK FENES RN A WBARTRE, R AR
hRER .

6.10 %3]

| AR R A T B R

2. () NSRRI RM 55, R MBS, (b))% 100 AXTERISR 3 5o A%
SFTTRERIBRET TR (o) IR —FhRIS BRI N2 15 36 4 T BER AT T B4
217

3. UHE 4 BRI L A5 AT Answer RIS N FIRLEE : (DAES &, ()F S, (3)i54),
3652 1 A FI S AERT 2 . M BRI, W4T Y RemoteOperation » (a) RIS
H T (b) BVRRL R AT REEAT F 3 RI4H?

4. BB AT AT HER AT LB SRy S0 70250 MiEAR. | (4] (+) or:
1750 MEHIRE 2 000 A AR W KR AE, WRHEA R4
B 22 R BRI BE 5 BRRATIEA BB Axt
X USR8 1 53 BT T B T KB 07

5. BUR AL RIS RE K 51, L B4 B AR B O Imor:

6. SHE 6-11 HEITF, THE & %0t 5 E] f9 328 , 8 A BUD g
BEE E, BRI BRI SR A 1, | Mol HUEREAT

227
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7. M 4 BRI EVER, FRTERITH Answer S FINRERI 4y, BAR AR T
THE R R 5) , I 5| BB Y . TEVFAN R Fa5 | BT o T X 4 Fh 7 5 10 B J SE RS 304 T
Xfto ARIEFTLUSTEAN REHEMB—E .

8. WA 6-12, LB A B s Z sl 0 40 1. BB NTAK/NEN 1, BRALES K
1. BiIRERRECY 5% SizeViola;ions + Edges _crossing , PRI DFBIR TR K 4, LI
IR BT S, RBRBHWBAHENRE -1, BE, EREGERRDRAL
A, AT AR Z A T I R B

9. XA IHITY T, XA 6-13 P, REB L SE1eHE E AR D #7888, By
E RIESEB a5 C ATLAB —RIAME X . #8758, 5 WICHR[Krig4 |

______________________

&e6-12 RIaHF He6-13 RIaH+

10. 3t—AERISR M AR R ILP R, 4 5E AR B & RSP Fidg 4R
AYERAF VBN, BE— T HE X R R TY T, HE T OIRER 43 o

11. %A CDFG BER ST E SR 2. CDFG M —3B b st 8l s Lo (a)&it—1
By, k¥ CDFG ¥4 H A R ShEE R B4, i iE 6-8b FRIBIF. (b)HAZE &, KK
6-8bH ] CDFG ¥ ¥ 8kt

12. #EE 6-8b FH#I CDFG, BRIRAE + F1 — AR 5T B BE {4 , L th 30 43 e St BB o %ok At
P43 4y B8 1 VHDL MOZh B3R , v B SR UEX 91~ 41 143 0 MO IE s 1%, DA S 52 Bl
(N EERY Ny

“13. BAEFRANBES S E—E, TR HEFRERR T LR

“14. R ESCP e TR, T XS R SEIEAT BT, LA AT i Bl A R

B H P Bl E ik, '
15, Wit—Fpr s, R R R A R AR RIRI R, DOk SR AR R 4 25 TR SE B 45 IR
] A93EH .
6. Wit—Ml g, B IEER R BERESE GEE,



E£7E RIHRETS

£ E—=  RATHRR 7 A XM R RETE S A A RIFEAT R 43 , i it RE A AR it
BB ARG AR ) — LB A I AR . AT, MK AR ER T HIEWE , R
IRRE RS PRI AR AGET X I B APPSR . EA T IR — S TR/ R R E
HEAT PRI DAL B — LB 5 AR

7.1 8|8

EREFT TR EH TG REAE FHEEE., BRNERE F—, F R HE¥HT
AT 11 B A E AT B AR AT L, AT R B BTG . B0, Ry 3
BT AR TR AR A AR MR P AN S R AT BT ERAG R
SN FERE RS LB, AW RS A RT R, 88— R 1 & g X iR T o 3 i PR R 45t , XoF 45
Wit FEHITHRE . Bl XA R, BRI ERRRENRITER, ARG EHEE
RGBSR, FE eIt R EEE .

FATHT A X —1~ % i A (design model)ﬁa?XTﬁﬁfE:%L#ﬁﬂ:{ﬁ 1A PEAS BB R
PEFAT B T2 R AR R BRI RN .

SRR R R R, R 7-1 FEE T AR REER LR R, X
BRI A] B THRIE R A WIS RER ARG R AR E R . B SFRENRTHREAR RS
ARG RS B 1 7 B 8 28 % 31 & (progression of detail) o &F X B H ) &E MR, KAT1H5)
T VRS L B BIPAT R A — 28T 5, LIS B L A I R SR A A

plazy: vl B4 % Bt |REH | EEF
i3 & #®
a) | Mem Mem#+&
b) | Mem+FUs FU4 A
¢) | Mem+FUs+Reg L
d) { Mem+FUs+Reg+Muxes FUSE
e) | Mem+FUs+Reg+Muxes+Wiring HEAY
[ & i

Mem: FFEfga8 FUs: ZhEEEAST Reg: FHEE  Muxes: THERR
B 7-1 SLEATRA R R OBt . RE M RO

fBn , i RAULIE RGP AR K/AME I — MRS, W 7-1a PR, ST Z HE1T A% 4B
(memory allocation) VAT & A 28 BRI FI K/, T B WRTFE . R AR R 0 AT RE B
IC, {E 7-1b B, BR TS 88 0 B 2 4, i & B 64T 2h 6 % 7T % B¢ (functional unit alloca-
tion) AT E R INBEBA T AU MR . K lh, H ER R h 5 5 i F A as FBi7Eas , W
& 7-1c Fim, M E B #1745 B 1 £ 5 85 7 (lifetime analysis) , A E EES I ZIT BEFEHEH
15 BB — S TE R e A £ B e 4R 58, I 7- 1 , T 7 AT 9 46 4 4 (func-

234
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tional-unit binding) , LAB# & 7764 BT B SN RE A TTHO EE SR HOR , IF LU 2 2 BRI R AR AU KD
BJE, WA 7-1e R, HA BRIP4 & AL, BUH B 24T A B MR (floorplan-
ning) VAR GE 4104 B SERR AL BRI O, 3F LA H E BT Z R EBREK R KRB BERKE .

7.1.1 HHUSEE

AT A THE R AT B 7 AR R b i — > 2 (), BDFE PRA A MER P 5 94
TR B BRI, PR 898 A (accuracy) B—FUE R, BB BN RMITHES BT EH
JE 2 B AT B M SR 2 A M B R . ) E(D)F M(D) 2 R s A E 4t —
RS EL D JE X SR A R R S B, W DE RO A LT '

_ |E(D)-M(D)]
A=1- M(D) (7-1)

WRIBIE SC, — A BEARTTAS O B A = 1, At AR PR AL AR B BE /N T 1. W BEAK
T AR BT PR AR, I, B 7-1a vh OB PR A A 28 T AR B R E LB |
B, BTSRRI I, T RS F B 5 TR, KRR R R RS,
(LET A e/ D E A TR . SR, T R TR B B MK, T X Rl B IE RS | R R BT
B IE BT R E .

B—J5 i, — R R AT RELS A TR T E. Hoin, O T AT A0 0 AU
BT B AL ERSL, S BT AT R U RS HEEFERHEEMK
N e PR TR 45 5 1 N T RE BT AL S B AR FE AT (S BB BR TSR E LA B AR R AL
RIZAT S BT , T 7-1e BB FRIm . & TFRAIEARIHERMITH T ATEERNITE
iHE] , {E ) Bt 215 5 A B B TEAY , IR T 8 B P — N EF BT

SR R AL B TR AR A O SR B A TS TR, (B Rt R BUE LRI R IR A
BRI, B E, PERBEENITHERRIERERITEEEMFENRITEEZ
LA S S BT e A —E MBEREERE . EXMERT, RITAFZEE—1
B A R B AN AP AE AR R
7.1.2 THEHREE

AN T B4R A B (fidelity) [ KGRC93 15 X 7€ B3t 5L B2 (8] E A T T % bt
RRNESH., STFFHEARE GRS, 53R E SR EMA, R AER
A RIFE o H 2 2R, PG E MR LU S T XA B TS B, Bt , PPAS B B T FDRTEVF
LT BRI SO RO B R, TR BB R, LA R R EE X P AR T S
AOVEA , i IEB AT IR R

& T IR B TERE X, AR E —MEBMThEERR, Bk D=1D,,D,,,D,|
MIZRE R — B, B FER i .8 1<i,j<zn Ki#j, W p;2 LW
1 # E(D;)>E(D;)H M(D;)>M(D;)8%#

E(D;)<E(D;,)A M(D,)<M(D;)8#
E(D;)=E(D;)H M(D;)=M(D;) (7-2)

0 Hifth
AL TR B F AT E XN IER B A E 402, T P
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F = IOOXﬁE Z i (7-3)

i=1j=i+l

B 72 B EREEENIFHEEETE, XEITERERET AB.C =Mits, HX
RE B 7-2a Frn B B PR TR A BT T3R8 8 TS 45 R AR SRS #Y SE PR
i, WFZER,®ITEZH A WIFEEMEPRERS LT LM B MES, M FRIFSEIHAXT
(B, C)FI(A, C)WH XM EMLIRMERMEN KR BHib, ZiFE TARNRERERN 100% .

5-{ . I
S S
e MR o MR
A b ¢ mua A B Cann

a) 100% b) 33%
B 72 TFEREESFEAN T

BERXEEE 7-2b P AX (A, B), RIS EHE M(A)<M(B)RHE
E(A)>E(B)., MFi&itsx (B, ) A XM KR, EX=MRIFLES, ok 7-2
ALES, RE (A, O)FIERH il Fit, B 7-2b Fiffh TRKREENY 33%.

W TR SE B e AT SR, T A R EE AR TS LR IR R R,
BHE G, EEERETH TG SERIHER, —BOok, RN , Pl
REERES.

7.2 RBRER

A, RAITEISREH T RIERIT— LR BEER, HARIBRERNEENEMA
B RA MR, BRARMEFRUWEFEE, HFSHERRREZLETIAT
BEER.

7.2.1 EHRFER
B R A B ARG RA B RA R AA L R P TR 58T A .
HE AR T LB AN, REBHRTERERITER, BE BRI
FERRETR., X T—MEENRH, BRI — R E BRI (F R HEas) e

TH(ALU) E BT ( B ML) SR BB SR ENE AL X EEX AT

BEHmLER.

RERMERIEE B THSGHHE N BIETE TEEELH LT HERSE,
BRI E S BRI A7 R KRR, Fl, MR EFMETITE 80 000 pm’
BT, IR A T R SEE B Z RE R 4t 50 000 pm? BRI A EEB. SAURZRITRIGH, I
FERANRE T L.

ARSI R T AR AR AUGE L, TR AR IR, IR T F 174
BT L BR, PC IR/, BE R T BRI E[o HIan, X 245 il (MRS A0
HE(FPGAEAR, 80N FRITRHBREA A BRI BRRARK ., XX LEEH
TR RS E BT B E LTSI R FPGA R LRIt XFRTEERAM
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BRI, AN SE T TRFFRFOTFRAR/NEE B, BT ARG E R T X
BT R/ SRR L — V& M B HB RHBCS B R A R R . s, TR
— DA, ATA R AL RCR B HCRT R A RS A AR R B RIE

FHEBAFEL RT3 Mk . W5 RRERN . BT E LRSS
BRI R B , R RS LS R ECR A U R R R A, T EL i T/ B AR
A R, AT R 0 R AR TR

7.2.2 BHAEER

BRI R REE R (HOA TR R R EL B, ST THRE M s £ K
B EAAE TS B, ERBAIER K, B A A Fisca th 248 55 v] S 4118 #02 KHt
B, HR, G R B E AT RIEE 45 . AE — AT PUTHOR , LB T 2P R
SRR, TR SERNFR B SE il T MR HE S, il fidlE. &S, XA TERIT
O E X HEAR TGS . TERE(FSE Bl XS & R R BRI

A S PLASHH H R B 4 iR BT i R BB R S 8. BIT MR SEEFERERS
RSB BN RA B &, #2554 ¥ (program memory size) f& Fl T 77 i BT b 4w
B IVFE S G B . #3 A4% % (data memory size) F/n HIJETEAE BT A BB E (R %)
P E R, X SR i RRAEPITIHTE S B P RE. #lm, X F—NtRE—
HERE AR EZE R, X BRI A6 T — D8 b , Wi SR 0 MR R E R
PAL IR b EEEDEAIES URFEL /DR TR RIFZ B R P HE.

SRR SRR A NE BT R EER, B EEHE W T 0TS, RS ISE T RGN
e, B, BITTEEERE — MEFREEA TSN BNRIFFEEE . RA
A LB IESNOR LRGSR TS BOBLTRA RN, 735h ROTTRERE T HEHE
BN, BN RS SIS TR ER, X G RIE T BEFEN A, BATTREE
EERENIERE A/ TR LA e s d R it , LU B B AT A AR,

7.2.3 t4aEER

MR BN ATEE R SEEER, HEEERME— M AP IITITERTREK
R, XA BRI AREE T BN B R R R AR RO A 2, — AR A =R R )
PR R P SRR BRI T A SRR B S AT 5 R G h AT AT EAE A
fif e B [l AE K

1. B4R #

R — A EERE RN R LI AR TR . R TSGR AZA
VeEE b RIS TR, Rk B W B TR R I SC B R G B TR

il4n , e 18 7-3 Hr B = bR R i e e A 9 (380 ns, 150 ns, 80 ns) KL BFE—MEIE R
B 7-3, 2EE 7-3a 7§, B A E R 380 ns AT RS EA B RITE A, BFE B[ 2 R
BRI 4 M INEE S ST, P TR SR B 2543 B4 150 ns 0 80 ns KB [A]B XE ; 55 —TJ5 TH , B
7-3b HEY 150 ns B BRI — N Ik as fl— N ek 28 (5B A& BT I IRT 4 600 nso
DA B0 S VB RO BRA TR D i, B OB S B SR JT 80 ns OB BRI, anf 7-3¢ B
HARATHT ] 585 — R SeBLE R AR K BRI IREC S 5 ML AR .
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ili2 i3 i4 iS5 i6

ili2 i3 i4 5 i6

01 02

Bt ek M. 380 ns rehARI: 150 ns B 80 ns
PATHE]: 380 ns #ATETE]: 600 ns BATHFIE]: 400 ns
B 2%, 4+ P 1%, 1+ B 1%, 1+

a) b) c)

B 7-3 ot R AT AT ) T R B IR A R

IHAPAMBERE T A TERBIT LY, e TEEMRE T 1E PR ETTH iR K T/
., 0, VDP100 FE[ VTISSIHLE 75 MHz s KA TEIZSFE T WA AN Bt (0 A B B e 4 3K
HIHRIFFRE KB R A T8, BIERR T RAGUEME, NS HSC PSR R E,

2. BHY

2.9. 34 FSMD (R R LM, R BT R AT HRELHN—RFEHY
(control step) o — MM N FHEH LITTRSIHK— N BHRS . ELEELES, WEEH
R HBREE S RAXEER S . LR MTATHEREHPRER AL P ERZE K
B, MBI ELRAEREN N MRS, B LRSFEFOULENN ogN. 7
Sb, R — AT B R IRF AT OGS H AR AT%AT 0 B PRAT B B U S5 4 AP BORE L o B
47 R P EH SRR, EH SRR PTR E . tan, R —METMER R 26
IR AZAEEMAELE N B AR BB A LB B PRAT AT IE] o

3. $ATH Y
B AT B BAT I [E] E SCRAT 9 AT SR BGRB9S I 8] o $RA T 18] S 3T AT
KB S P BURIE H

X AT AT A BB ABAE R A T E . B 5T, MR SAT N AT BB E BUE T HEREYY
B, E 7-4a HHIFTH B, EREA 10 ms WRKPATH HAR ., XAARATEER B T LA E
3K, AN AABERS ORGSR P LA B E B R BRI U ATREAG THIB AT AT R T R RN 32 4y
FAT o W PAAT B 1] B B0 , LA E B A IETE 5B R AT IR 23R . Bilan, 33 vl RRABANE , i 3 53
FR M INEZRLITH B BESHERERAN . FK, AT E 4500 S 3% A TR
ST LSBT B . BN, XTI E] PR B S BT R TR R AT HEAL
28 B HoAm 73 i3 A AN s B A 52 1 89 ASIC SEBLZ B 564

BT B R EN A K & (pipeline) SEELMY o Wi/K £ AR LUE B R BA B BIR AR
FiK LM X B PERHAT IR, FF UIMRE R £ SR H . RARKZNEZB LR
AR MER, REB R P IR T R AR, KB BRI R TR — RS
TES R B, HEBN BRI SERIFRE; LAE BN TSR AR REA
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BOKHTIE K D) BE L TC o F AP N BUE S KRBT B . /K RAL T BE B TC 2 1 3o 2 T X R 4
BUHATH R BRAE X B BB AT B BR AR A R — K R BT R B — B BR BB 4 i
HER KR, 05k B2 5 20 5 R T R K B BL A B

/750 ns
4B #EQ i~
begin IN

RS > EEC
A=A*L [ 10ms BKIOMbS  oup| —
end B, T 1
BEERP e
a) T APITI A b) BB RER c) F{mat

B 7-4 RERHREER

A H S KRR e B B« B BB S R T [R]

WK LR B M- B BT 32 (stage delay) B3R By BT H T BB AR E AT E. B TR AL
R EETA My BEER A A — i Z) FF 3R AL BRECHE , L B B SE AR R T KK A BB Z 1N %
SERAERE AR B/ E] [B] RS . 7K ZR B & =k & (throughput ) BE B B R MK R 7= 4 45 R A9 50
K, PAED, MR stage _delay FRARTKLE P BAH BB EE R4 X WKL &t & Faf
BRIERFINTXR:

S S
stage _delay

KL B PAT B (B2 48 MBI BIA T K R 1R B A MR G5 R Z A B St 1E] o JK )
AT Bof 18] .3 R S 84K B (latency ) [HP90 ], /KRB BRI BR A num _ stages T/, WK
TR PATIT R AT A0 T &

execution _time = num _stages X stage _delay (7-5)

B 7-5 B8 B AEFUK KR SRR R A, T RREEREME 7-5a fin. XA
2 rER R RS B TE 28 (FE B 7-5b F IR EIE 2R ) AT LU SR R R R 40 B 4 BrBLifikK
2., EPER KL B BT REFHATE ], RIREA B B E S T — A a B E S,
A, S F—HBA L 4 B EARZE, XEMERSE DM IFZJ R, BE,XNTHE
7-5af7 7% B9 B DO B ek B Be it EE Y FE WK R R, HE U B R E 4 M e A= 4 —
ANER B— N, 7EE 7-5b FURITKL A BT, BA — a8 R B Bt i , KAt
BRSO EANE AR, MR, RIEF KL BRI 4 5.

L 1 I 14 L L 1 1L

throughput = (7-4)

PAT
B 1A

Delay(+) =16t ¢ Fi 8
Delay( X ) =20 80 B # L)

o

a) FEFAL B b) 4BTBRHAKL
B 7-5 Wokek
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4. BERF

P AT S CIEE PR 2 I 40 1300 7 R A B R e L e ) E L 0 A
TR 2 B BT A B GHE TENFAS (poduc) BT ESY S

T B % S comaumner )BT 3B, o FLARTT AN M, 2 8 T P A R T R

i, PCHTREF AR bae), A F B S S A R, B0 A T an
HOER P O BN R G BT, R 10 M

BRI, E R SR S R P DA R O C iR
F i average rateasgrate | UV U EITIE S BT AR R PR R 2. T
Py S B0 15 7 AR Lk P e AR P 1T ST TR T 2 Bl TR R L i i R L A
L s B T o =B T O P P g = B AL O AP O s e
M 1000 ns B 6 P 2258 56 GInodds ., EHGEE C F EEFGHIT I

ross | Bnthiter T :
g LC = E[E]El:m= J6 Wlha

| ; = : z mu: AT Y
0 e R L T o8 BB o A

W C R R AR R peak rmed prskease { )T L HHR L -1 BRSO A
Jelt 7 e A 5 FE A R 1 1 R L (D S e L i Py BT . B PR 76 IR e
(AT R R L0 e, TR R AT & 4 B Aok

v Bhits
ferkratet )= T m—H[r Wihis

ST T AR LR, S H G L PO § 5, T
S o A TR e ke B R o Bl e o e e 12 B i P T
SESEEg T EE B . Eoh, T S 8 i R e O A R
ISR AT 3

B B o 0 il - e ) 1 o o 2 O - 1 e
St W T R AT TR A S [ R R P, B AT S T
A,

i A | S = . g L L B 5 O et B 3
8, 5 plzani 38 Lo b Tl 5 AT 2 AT AR S I B AR Rl 0 P AR e R el
SER k. mid, B S RENE AT AT A R E b B PR R ST T
Sl (el b i) — - A SRS kb A Sk R

s, ¥4 o] By A

2 Al AR W AR TN R A — IR A TR R SR G R R I
P4 2 T B (LA . (RN TR T b iR S OLT B BAAERTE

245]
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B IN BERZJE 50 ns, FHHEIEHTFRR T HHZE MR, —RATHFEY, HFEER
RASEMAMED . FEAZ AR E AR U E R o R R, T B
BAXFHANFHREZ BT,
7.2.4 HittEER

BENFIL NN ATRERITHREER.

1. hEFEHK

ARG AN RFERCRIETE CMOS ML T IF e it B b R B A T B 5 &/ R
BREHL, ThRFEHBURT RGBT PR A6 ph A L Br EAE TIERR (B X AEE R
AR BB . B BRISRE , AR TEER T TR B L H AT RFEBL B K.

St R BT A L HE R AL . ZEBREKBIN RGP, RIFEFRERAKE
W, XFERFEE R RAMERNAREA . BTSRRI RREBSERAMHKK, BT, B
HP AR SRR R RN TS — BB TN SRR — s, DB S E RSN B A4
R, BT 20 B At 4R B I AR ROk 4R B i TR AR, SR B 5 IR B/ NR I b R A B 3
BT R FERE .

2. TRpHEE

AR e A B R/ MR AR AS B9 . IR AR AR SE R 1R B AR A A SR
S IR B A P 3 2 () A o L4 P P B AT R A 58 T X e RIS B AT 4R M A
AT R , B T R T 4 S BS B IR s 1] . #T 32 M (controllability ) 28 X B2 R T 35 3 U
B H BT 3R 16 1 A B E M RPR S R BE J1 . =T WLk (observability ) #8 #9 & M AR
ST N ERAR A AT IR A BE ) o

AIHEERTFEZRRRNSE . A RETE BB ESMO IR T | B LR & mT £ 1 A e W
M, I BB A RIS EOR B RGN, BLAh, i T IR e BRI N A SE 2 5 IR 3l ,
B B S BE A SRR N, TE, b TR ERRE G, B g S i, B R
Ko RIERETME. B, o737 R A T 85 i [RIsd , t g hn 7 A 7= LA o

3. &3t B

Vit ] S M RER R RIS SE BB 78 RO IR . i3 R B T B R BB i
Fik, BN, 4 & RGE RS SCHR SR, B skt o7 i AT R Rl R a3 Rt i al A B3
W, ASRESEFAR, HRABRBRES ZESARYHERITTR, BHAATNM
DhEE R 5 3 R F A TEENNRIESBE, BORITHREN T ERER RAES
RO TT SRR 4L (A RO B ER LR B0 4 1, (8 IR Dy 2 A4, B b E A R E R B B
FFH o

4. ke e

e A RS R ARG — R EE MR E, LR E A B R 1 5 AR
SHE AL PR A EENIE RIX R, et E e e X AT SR = & 5B
SATEE B HE TP LR R E . BT R EHE, RS T ST T, Xt P R K
FTHERE SO I R BB, AR T iR BT R T 8T i SR R (4 T R 5 BTl BB 1A

5. WA

HlvE A E RN R ST RA S XKV SRS, #ERAEEAS SRR
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1 B R IR S FITR A
7.3 WEEIER
7.3.1 WEEEEAER
AT PRAVEHE X FREA LB ST IR 8 K B M — iR,

B EHATIHE B BOTHER , R MR A BT FSMD £ 8, an7ES 2 EFrR, FSMD
KRS E R BT — P BEE R, A 7-7 iR .

i

FEEEE " tuawam)

Muxes

HH/ R
B/

4
#

=
/

EREER

ThRERTT

_______

R AT 45 B

B 7-7 FAT VAL A9 ST AR SRR

B EROS AN TSN e n R BRI ER . — RN REERE 1
BRI BRI EEM, B 7-7 iR, EREER FHHABERNFABHFAS M
PIEBIRER e LA PIHTBLER, H RS RE AR B EST. FTAFESFR
R 2 AP AR A SE BRI VRSB, B 7 B0HE i B (6 R S B0 2 R i e B B FF A a8
AT RS R E B S Z A AR F AT,

FEH 2 AATEREF A B (state register) , i T IR SHEHEHE BEH 142 1L A9 42 #1 Z # (con-
trol logic) , U R ATFHERES B EETREFFEHP) B A S Z R (next-state logic) s K EHE
EEBHRESKEW TREZENTENHERIENS R

ST FEIE B R AR B A0 B FE R AT Y v AR G A R T L 7-7 Rt AR
BB BE, TR PEABBELT - MER, AT 68 XT3 %68, 8
UFEE— N EAARE R BRE p BAETIEFMEEN, EHTHULFHFSR AR, BL A4
BHZ I FHIEFAES DR, DR EENFHBSBORNBHEEE AN FAE. ZBREHNER

FELH AL AP AF 28 BB EE , 15 R0 770 28 A A 1] , $50308 7 7725 10 BE 7 B[R] LA B 5 S 2 44 18] 1) LRk ]
BB E ; B3 B — AR EFFRNMER p, HENFABSHBEALER, E 3 REH#S
REBH LA, BT ESERET D SRR FERREBFESM; IR p3, 16
TFRAFAS RLEHNEIR FHABIH SBLBE HREL, BEETASERHEEE
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KEFAE,

R T SRR EAKE LIRS E , A ck SHRT IR PRKRBENE,
Foimg 2 HIBE N ERA p; AABRKKMENE, Bit, B/ EHLAETRRXTHRE
Py EHIFTA MR B ZE BA . R, 0 SR i) 2 BE 45 i FK A 4L 9 & B (status regis-
ter) , AT LT a0 T 544

clk = delay(SR) + delay(CL) + delay(RF) + delay(Mux) + delay(FU) + delay(NS)

+ setup(SR) + O delay(n;) (7-6)

1<i<6

He,

delay(SR)RNER & F A B HIRHE;

delay(CL ) Fn4e #)Z 8 N HE ;

delay( RF )Nk % A & XA RN IE ;

delay( Mux ) % 3% it 3 B HIRTHE

delay(FU )RR % it £ T HIBE 5

delay (NS )3 k& Z 4% FURTHE

setup (SR ) FR KA F 4 5 MBS B[]

delay(n; ) RAREGLM n; HHEBIBTLE,

RS, R E B T et K, AT S ECGRTHERER) B EREMR . B pR R AT R
4 %1 57, 7K 2, (control pipelining) ¥ W/ GDWLO1, RG93 1, B 78 5545 38 i Fi 4 il B8 5T vh 2Z (6]
IS 2 A A RS, B 7-7 Bn i A S RS AL FF AR LA O a B . B
SRR A SR BT A A T X B AR, B A BB B Y =& TP RIR K
BHE . — & MRS B BIEHIFER, B — A NEH FHEHE 2R ER RS FEE,
MRS MFFRBREFFS

FENBT BHGEGTRRHER > 5, RATKE T EJLY PR R EE &Rt 8Tk,
¥ A G it eh B B BT R GEAE R GRTHE AR LA K FISE

7.3.2 EIShEBETE .

7E 7.2.3 b, AT 48 1ok X e 4o i 408 5 B T A S i AT T B (B R BT BT 7 9 B TR B
H i, AT R AR Z BT i s A AT E X EE,

fE K WS TR B[ WC91, PK89a, PKG86, BM89, MK90], it & LR & Z R LM
S B e SO B o B A A L e R A0, B A A A R A R S A A
AT R B — KB RS — N R BN, i i E R ER A, EXHELT,
B G5 Hh— SRR 4 AR B B R B 0, 3R T AT AR R

Wi E A HL R A B T E AT I . AT, RATRHR b TS RGeS A
B ¥ o

1. R KRB EX

— ez T B[ PPMS6, PP8S, IMP88 ¥ it 4 A 1 & R F i it b B K M BRAERT . RiR
delay(t;) BT HEM 1, KEBRIENIIRER TR ERNIE, B4, A K ERVERT R BTV
i, B B clk (MOD)IHEMNT -

clk(MOD) = Max;ﬁg,i(delay( ti)) (7-7)
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AN, TR BRI T PKGES | CES SIS i mIEL S, Hit:
deloal + 1 dng,  defayl - ) FAne,  delev[ X1 =183 s
i1l 7-7 . FTELHS ot b R S A S B b — Rhrh BE AR T b B R, ED o5k ( MOD)
163 riss
R R T R W e o it i [ 2 O 9| = .
BT SAT ek bl S RO RO AR AR ST AR A A . IR B, ST A RS BRA G,
HLF A0 66 p AR L |, I B < 4 b L RE AU B AT, T2 £8 Hoph e fRdt e e (1 20
el o G e B o o o= 1] P R B e O .2 5 e B Bl | e o e
HRBE LA TTRE .
2, Bfdiehr ok
BT A9t aE . W Rk o A= R A ] Bl il DYRESR T B o) e
{clock slack JEE 3% A5 BETURE S FoE— T-ad 9 IR MR P = R RS T At ) . B (slance JEE L RTH
MR oTEE Y T E M FET R E . SR, R Y delay (2 )G 1,
YR Erchil s iR I . B 1 T E AR PR i FERESE R . HTN R ShEE
FRITRRSEa laeh (et , £ ) T 37T
ot { el o0 3= ([ ofetavl e ) T ootk ]2 etk ) — deliois) (781
T -l o R 1S A 0, R 8 0 T R T T R s Al o o TR AT
O B i 5 e T R T A S TR R e T
B 7 8 S T RS S ] RO I A T T ) b e P EH O AR I AR
WEHERE . B TREIRE S A AE Erreh BTk (MO0 ) = 163 0=, R 7-8, B 4IW
L] FR RS T ot
sack(1A3, = i={[ 163= 153 | = 163} — 163 =0 na
stk (1R3, 3 ([56+ 1637 #163) —56=INT 1
ek (HA3, + 3={ 49+ 163 1% 1637 49 11dns
78 RS AT AT A R R A L SR P EE, BT 163 ns
IS B ], A AR B S e A A B h R R L R R AR L
L TR B e FE AR Ao e Tl R S e L T 5 R, O 5 R e (R S AT 1B L O
WFE R H RS 1623 na BBl ETHTL -

#Eip
Pt P

o L 5 | i)
1

E Eﬁfﬂ JGESEL Prety 2w |

T 2R 163 ns B H N E T AT UrRE RGeS AL
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3. R E

B/ St IR R AR [NGO2 ] - TEMBUE HLB /D A 3t RE S 42 345 2 RE B TT 9 FE 20 F1L A, FF4K
SEREARAT AT (] BRI 4R T, S i R A AR e /M

K784 M T HRER TMMIKTER. X T A€M 80 FAH clk, F 34 # 7 (average
slack) ave _slack (clk )& X it B 69— 53, ZE X FR I o 081 BATT7E BRI T &AL F
Mo SRA occur (1) RAFTHF 1, RRIBMER AR BR, T Fom BAIEKA K FE (Qnin .

LTR) I AR I R R

> Coccur(t;) X slack (clk , t;))

ave _slack (clk) = = (7-9)

Z occur(t;)

4 41 1 3 (clock utilization) 5 U B T BE 8 T 1447 B B 2E— i Bl
P 7 o BT 43 b A«

wtilization (clk) = 1 — 3¥¢~stack (clk) (7-10)

clk
R/ S R B R T TE R B B IV B T R B e e R R R R, W FEA
110 B, {8 FLa 50 F1 F 30 55 K R0 B B FE) 301t mT 4 D de/ IV St o

ik 7.3.1:.m5E/Me

/x BEBRRERRRAERKE */
ComputeRange( T, clkmax, clkmin)
for each ¢;& T loop

occur(t;) = FindOccurrences( B, ¢;)

end loop

7/ HHESMHIRERARFHE «/
max _utilization = 0
for clkmin<<clk< clkmax loop
for each ¢, & T loop
slack (clk , t;) = ([ delay(t;) + clk 1 X clk) — delay(¢;)
end loop
Ell[occur(t;) X slack(clk,t;)]
EiT: 1 occur( t,—)
_ave _slack(clk)

utilization (clk) =1 oIk

ave _slack(clk) =

if urilization (clk) > max _ utilization then
max _ utilization = utilization (clk)
max _utilization _clk = clk

end if

end loop
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seliny amess | widamadian ol )

WiE TOE AN T s TS i 2 T i o metR e T Fan.
PR ComiputerRonge R T8 S 0SB, ob o] o S0 ch B fs o A e RERG RS
SRS AT A T BRI AR T EE S LAY m AE . AR R
vetkmein , clbeerr )R TR . DrESTAREE o B AR EE Y cbmas 8w I AN LD B
A A b Ao o A KR (SRR S R iR I B R A T olbuein T
B, TEHEH ALE M B S AR I T okt 3T4RLE et o, S IR

pE¥T FindDerurrences BT8R R BT Yofb T8 4, 30k 30D« BRI FEN S A4 0
W, AT BFEAFRILIEE S T RIEE o O delan (1)

Tk A O ettete , offmae S BB ) |
B oli, B WER T WR N T | 5 : e
A RS R FE PSR T T . JEAT . % 3 e
Fism il gr oL 7-0 . kA, R BTk ek B K ® i S
clb BOFITI4E ] ol 710 B0 hEREE 7301 = -

P e AL S A P R A e _ weeliepiaom 1 i i:t.%r:'I Eﬁh&.*#ﬁ i
B AR E e _wtifition _cth o1, HERS i
RIS Ak 8 e T R A S e B ) R ]

e Nl R W R S A T R s F R A PRGEe  EHtTT iR, F et
Tl FH s £ e Al fF ) o il SR e AR BT 7-9 B . B EIRE MAEET voRon R i
MR VTISS . .

TR 7-10a Y, TIAE P To i T P o i 30 o B 8 0 bl L2 00, 97 R S AY Bl
Fem Ay Y R ] L R T

fth ¥t
[ ILE L 1 MULE ZELLK 1xCLK
]

# e, .:l:' dutayl g, )

oLy

CoCU =3

sy - =2 ER

E TR T 8 |

B -0 ] WA ER TR A% rx 09 TR
B F VIPLOU B e Bl T RE A A o R 7S WMH= AT L clbmain = 1ATS MLz 14 ns.
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BRIIBERITCHTIEAN clkmax = delay( X ) =163 nso
BATRT LATHE ch B B R 3l 65 ns BTSRRI, IR 7-8, RATAT LA H .
slack (65, X )=(3X65)-163=32ns
slack (65, —)=(1X65) —56=9 ns
slack (65, +)=(1X65)—48=17 ns
R 7-10a PRI B EARAY X BER N Z SR RERB KM, £5F 65 ns B4
¥pssw vl g =X 7-9 B, FFER 7-10b FBARHRK, FHIFGBH 24.4 ns.
5, FAR 7-10 AT LUE H 65 ns B b & 15 A B F) R =8

utilization (65 ns) =1 — %‘f =0.62=62%
Bt %t M 14 ns B 163 ns BIFTA B 4p A IE , ER #7880 R FHRITE . 7E 56 ns B8R

fb B T BRI R R 92% , I 7-11a R, {8 8 %k B /ML St B b clk (SM), —
MNEBRIR B, B KRR HE 5 ) BT B9 163 ns B8P AR 73 % MFI

itk B #cns)

929 :]

9o 20.0 400 600 800 100.0
FIF#E(%)

a) PR SNAERNXR

400056 200 400 500 800 1000
FIAE%)
b) MFHASHHERXR

A 7-11 ey HEET

hy M LA TR PR 2 0 o L 52 B L B AR B AT B, X T8 1M clkomin 31
cllemazx TP A BOER G RLISD, L AT S 30T VA R 25 SRR LA B 0 0 77 2R
ELFAIATET AL FE 7-11b SR B I AR BT O BT AR T SRR R IR . B
TRt B/ MARBET$ 56 ns 218 560 ns MIPATIIE, 32 92% ORI, A — B SR
(15 ns) , ERFRA 1% , 7 A FB— DB BRARRMBEE BT, BUTHRIEIRTIA 555 ns,
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LR B, R P B/ S B AT IR RS BT LB AR, B b A B K B AR e Rk BT SE B A 3R
i, HERE BB 32% [NG92] . AEERITEHALE PRI 2B, hATH RE R T o

TESCHR[GSV92 ] Xt f/ A THEE UL T RSB IE, &5, ¥ £ 834 o iy v ] i 4
BT A BN # R AR RS, 55X 7-10 TE B ORI FHRM W, 2O A8 T XTI E
Fnt B o) R [ AP A E R R FOR, ARSI clkmin B clkmax BT B N B
FARAHEATR R , Wi AU 2 T RE B T S B 1 A s b A BEA TR 38, BRI TAT KK PRI T B 31
BtE]
7.3.3 EHBIEE

AT R PAT B 7 B 42 10 20 BT S o TR O Al . ZEAE 4, BATE SRR B R
AR——BE ¥ — {# FH (operator-use) 77 B FIE BEH 8%, AR IFAL & U ELR BB AT Wi
TR BRIE, AV EH 4 SRR ARG 81T 58 B — R 42 il 25 O PR Al i

1. BREH-AF &

BRA - FHTEESELAITHNNFIRTRENBEL T, HEBITEIT AN ERE R

BIERAT R PRTREARS R—HE R, R — S RN RETR BRI RPIT
W T FnAiT R B PARKERAERNBE , num (¢,)F clocks (t;) 53 BIRARRLHR ¢+, KE
BRAERT, AT LR B ZRE ST ARSI H et ZE (R B RGN ) o A, EEBE—TERF,

SR 1, ST 3 R o (1) 0, W DT S L) cocks (1) [ s

PAT ¢ RBEBME, 550 o, FTREIERIS B csteps (n) ) FTHEL S F BITHEMAE TR
P B e KAt A, B

[I_occur(tg)

num(t;)

-1><clocks(t,-)] (7-11)

t . =
csteps(n;) rtnea])_(

—HEANEERNERSECE, WTH B PHENSERSERTNTHE
csteps(B) = Ecsteps(nj) (7-12)

n.€EN
H N B PRISE S8
Bix7 3. 2. B/ -HRBE

CreateNodes( B, N)
csteps(B) =0
for each node 7; € N loop
csteps(n;) =0
/x MTELWERPRTERERET */
for each operation type t; € T loop
/x WEBE RS 1 BEXRNERS */

csteps(nj,t,-) = H—OCCur(li)-’x ClOCkS(I;)]

num (¢;)
/x WHESPHBERERSE */
if csteps (nj, ;) > csteps(n;) then
csteps(n;) = csteps(n; , t;)

258
{
259
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end if
end loop
esteps (B) = csteps(B) + csteps(n;)
end loop
return csteps(B)

Bk 7.3.2 B HBIER - ERAEOATHEIT N B B EERS . 3 CreateNodes ¥
1724 B FRIBRAIRIS AN MERRES . HiT N PREREH ISP IERBRTRE,
REFIEAI ] AR OC 2R, LS R BB . IRIER] S, K FER Si, W S, FT4rBe 1Y
RN S, BBl RRE4k . BRAEAT — (EAEE X R R A R R4S R 7 5
PR IZ BT B M SR E K.

SHFEANERBE 7.3 2 RSN T M RBRERE TS MRETRER S
BB csteps (nj, 1) TR n; PHUE 1, KRBT HRER L. X 7-11 HRBHK
AR csteps (n)) B APITE R n, PRTRBRIEITRIZHID . HE0 5 ST E 12
SHOEM, W0 7-12 Bron s RE T BTN SR

¢ 1) clocks(, BAER
; puan(t)| clocks(t)) A perinifa
hdd 1 1 ul :=uXdx . "
3 1 1 1 | u3:=3Xy |mult:(4/2)'4=8
yl:=iXdx 1,8)=8
a) THBEEITH) wi=w+dx max(1,8)=
REANE i
 ua=a1 xu2 Jadd:(1/1)"1=1
ﬂ; :=uXdx; nof uS:=dx X y3 |mult:(2/2)'4=4
=SXw, = T max(1.4)=
33y, yi=y+yl max(1,4)=4
yl:=iXdx, sub:(1/1)'1=1
s, s (1)1
;l;‘fy‘lx e n subi(1/1)1=1
u6:=u—u4; max(1)=1
u:=u6—us; B _a_
— =H —
b) %Mgi;ﬂ‘l c) EH A AHBX R d) &R EEBHI IR

B 7-12 RATE TR TRRER - A%

DA 5 R BB RRAE R - . B 7-12a 78 R INEL 28 B k28 T L 28 I B
VREC B FE b R AR AR BL . AT A EAR TH 7-12bs BB ZE BB RER 7-
12¢c ATk FR. R 7-12d P, IBMGEEIHBAWNGER ninpunzngo HIEBTERIES]
HIBE RIS, BEZRIFEHTHFRKBXR, BaER, WRESRESEIARKE,
AR T RFEXFREE , BT S B B AR BIS o

& 7-12d B/RHRAR 7-11 NG ST EEREBRER. A, 48 » 81
IR VE R IO TR, BY occur (+) =1 Fl occur (X ) =4, ATFUELE TR FEHEE
KT T B PO B0, X AN IRER T EZ D NANERISE . H0H, RS R PR
AIBEREFE - MERHERIIT. FIAR 711, BIATTME T HER ) EPFENAE
FIERBATHRE, FAR 7-12 847 8 HTE G S BT R O HI 22 B2 R , AT LAME T HH /%
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E 14 MEH SR ZIMS F BT R

AR - (R Y R B A MK R DA T AL & PR B8 A ], B, 3
% e —A B EE VT R B 00 D AEpE S . IR BV S B — SRS, A%

AT TERE 8 BT IR BOB X B T4 R A BB, 1 IR 7708 SR 0 A 30% D BUR S F h B 8
Ve BE B SHARE 2 TE3K, 3 B A2 IRl i 8] 5 D BE B T RO B SEABIR] o DRIt , BRZE SR AT LA B 481
FR 7-11 B2 4 S FEE TR BT BB T s S 5.

HRAERT — (8 FIXE AT LAXTAT 0 BT 58 B 45 0 BOR UM M BB 0 - . IRAT R BH »
ABRIE, MBI BRI O(n) o (B, T AR T e, BB R F % THT
TEAIRHIREE b, B0 TIEA A IREZ MR B R, N, EE A BA — e
S A (O A B, MUK FZO IAFT AR 4538 B0 A =B+ C+ D I UIZE— M ERIE TR, [263
(HE, W FBERMEEE . — N FRITERSH “B+C”, B— A% D MAZLAL,
B2, BT RGMR P BB AR E I — R, BAER - R AT EAEH
fiio

2. AAE

VSR T B AT PR EEH SR . AERELE, AR H SRR/ MLy B iR
KABEST R HIBRAE . TEATRS b, RATH R —Fh LA IR AR E B — %
VEEE, 7 VR BB B B S 2 T 08 . GDWLI1 ],

Xt FAT H R A M BRAE , FIR R MR — M R, mﬁéﬂsﬂaﬂmﬂ
$ih, FEARAM—BEL, ¢ REBRENRERCS T —HBRE, KA BRI ATIRERA S B 8
B, NPUTHARME, BER S BMENE R, IR R AR B — i RiE, FiL, 3
MR 0 BT AT IR RV S TR 2 BT AT

By 7.3 3R THIRMEES Y., METE—#,& T BRTIDERENRBER, ctep
FREAEETER AR R M ATES R . o RRBRIEIR SR plist (1) FR. BE—NHE, K
 First IREIRPE P E, B Taill REKEEZEE N TEERNEE, I CreatePrior-
ityList %R RELR R R LB AATRIAL , SV & EATIKABRAE, Tt UpdatePri-
orityList 4T 3R b o B A B EO 4R A , BB R S HL AT UR 1Y £ % 181 BE O BRAE , 36 BTt B IO B4
INAFE Stk 6%+, 1318 UpdateSchedule a5 & 84 4 B ) AT %1 25 o LA BIRY
VA S TR BH.

3 o R AR R LT — SR A R 5 X B B A B AT R S b, R
num (¢;)NEIEEBATTRAIECE ¢, HBRME TR 4, BB NSRS, Bk & AR Se e P ELH
B num (1) MBESRBS AR H S P, SNSRI YIS S P HRERS MR
e, VB B LA R B UK A BL AU . TEFA T RE I SRR AR B 40 i B R i 2
B RAREER. ZERREHGETAETNPRFEREREAE. THHRBEHE
FIBE B R B BRI AR’ ostep BIE

% 7.3.3:5FKAEE

CreatePriorityList( V, plist (21 ), plist(t3),**)
cstep=10
while ((plist(t,1)#$) or (plist(t;)F$)or ) loop
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cstep = cstep + 1
for i in1 to T loop
for j in 1 to num(¢;) loop
if plist(t;)7 ¢ then
UpdateSchedule( S, First( plist(¢;)) , cstep)

plist (¢;) = Tail( plist (¢;))
end if
end loop
end loop
UpdatePriorityList( V, plist (t{), plist (t3),**)

end loop

F) 2V BE o A — 1 BB R R A E R e A R B B B R U TR e R P B
YESEATHERF . PR A R B R IRE AL 3, B MR BRAERT REg A LRI W4 50, F
R BN S B ERENT B SE R ] . — MRVEMPLBHHERAE , R B (e R B ® , IR
SRR B AT A IR Ve T R R R R

BRFEE LM EREBPITIT IR ENERNOEH S ATERNBRE. B,
FIRAE MR IER O(n?) , b n TARIT AP RERIER.

B 7-13 ¥ R FIRVERT — (8 IS A VEAE (5 R R FHLSh R 5 R 8 B B Bk [ Lis92 ]
BRI LR ERERHT THE, XEEERERBSE S P —LERELH E, inm E k&
KB[KWKSS]. LA BHARBRELB[PFRY) . #45 5 #[PKGS6] A K AR # ik &k B
[IMPS8IH#ATH] . R FIBRMERT — AR FIIREN 13% .

# it BEF-ERE| FIEXME
15 150 0k I 7% 22 19
£R4H B FRAR PIFRIBBLRR 6 6
W 14 13
AR 8 BB £% 14 11

B 7-13 SRARMERF — B FE B RIS R A BEB X 2 45 MO AT PR OSSR EL 3R

3. SABRRE S XEMAITH

AR - fifﬁ%%ﬂﬂlﬁﬁjfﬁﬂéﬂzﬁﬁ%ﬁﬂﬁ)ﬁﬁﬁﬁﬁE‘Jﬁ%’]‘fﬁ%‘ﬁo MR -7
F A 4 T FEAR Y, e e h—HEA R, — % A3k (basic block) [ ASUSS | &5
—AN g HDL iE4)F 5, B EH BN ZEAFFIIFRRA, AR BR L , JF BB T 7245
BAh, AEETE PR L, AR B AT BB 2 3 o B EE A By — DU SR (0 ) 4 R, A B
RZ N AR,

/AN EAB R EEOT R AU EEBE T RRBE . BMTAHRERIS BB T
HEHRFS X EREREILEMRINESIZ

#3324 (shared control step) : MRIEH A FEAT I HHIE 4 X ERILE R, WZETHH
P B S T B KRR TRERREFTENEF SR, MEFRBMELZERNPISTH
EE TR S BB . BR, XML REEARSMUTFEN, EWEARBEEE—HE
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RE, XEHFEREPFHH— ST

¥k 344 (separate control step) : WIRFEAT HH, AR 43 X BYERAE 9 53 e 45 S0 7 B 4
%, AT A PES SEETENEARTRENERH PR M, XML SHEG R
TTEAREZHRE . BTFENMEH S EME—BEB H BUR 7R B H 25 P RATRERIE, BTUA T
BERBALFFR

MG T, BRANTRFITH B 94541 & (control flow) , A HE o, Bl og 3L 8 N RAE, A
7-14a B . fT R MBRERRI 4 U348, B, 3| B, ERHHBKER L, RXHE
AR B, Fl By rERIZGE TP BERERFM . RALEEGIZHBEWE 7-14b FiR,
FEZRBE R, RAEHRAE 03 M og EARKA X, B EBIHFMNEREE s; b EXF
ERT,, B MTHERFE 6 MERIP . H—FH@E, RAMMLEFRZHARNFEE 8 MEMHE
TR LBZAT A, B 7-14c Fimo

a) RAESXMITH b) %E#iﬁﬁﬁﬁﬁﬂ[ﬁ_ c) AR BB AT B
B 7-14 R EME

7.3.4 BITHEEM

FATITE R B X — A SR A ThRER AR AT A PATES IR PAS T 85

MR T HRA— R ELRBHRE, WXATH B B EL N PATR EBRRTRITH
BORE R EIER . B csteps(B)FARIITH B #47RAERERIB BT, ck XA HLHR
ARtk e I . AR A AT R EOBATETIE] exectime (B)HHEMNT :

exectime(B) = csteps (B) X clk (7-13)

—ERT 470 BB E A AR, 3R 20 X IEREH (I loops . if Hl case %)), H
F4y 3 A BEAR IR T4 A SR, BT AABE AR 7-13 R HEX T R PITR Bl . FEXFPE
AT, AIRFA—FETERORITER

RITE XHEARPEAS, dTEMERRER b — 40 F N REEDHR, A
AT LS4 A i o BT, e B Sen 7.3.3 PR R th prag s il b 8, ARG R A X
7-13 HiHHE .

NS AT HPATE E], FERE AR b, FBRATH ] exectime (b;) , FFAHE
A H () $AT 3 & (execution frequency) AL, —ANEEABR b, BIPATARE freq (b;) & L AL
ARFRAT HE—RBATIES , KRR R PATH R, —BHE T EMEERT
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THRE, AT R B B TET B] exectime (B)BERT FHF R 1¥44 «
exectime(B) = > jexectime(b;) X freq(b;) (7-14)

b.€B
BAE, AR —F B U ET AP BN ER RO PITHE,

A THEG AN

HTHEBNERROPITIR, RIS E EATHPRHER LB EN 4 A B
BRl, # G=(V,E)h—1TH,H P VERUER v, WEF,E RAREETR v; B v; WA
He;MES,

SEFAT AR P BN EAR b, BB G PEXIRL— DTS v;0 FKFER] (Af| case B,
loop) i B4R S R 1E T , #50 °T RE R 1533 BRI AR, X THEBE— AR
b, R TR EREEAR b, ZJGHFRMET B BIRR,UE G B —FNBUR v; 1819 v; HH
#H ejo

BB T R REE , RITRAT AR AR T XMBEN R I ERET G RN
PATIE,

o $ 4 B RAENT A B MRIEG , S R4 XPATHEN - E R, ﬁi‘iiﬁi_f
WE TR ERE. £—, TUABSHFRITEME, M FERKE » SN ETE
AR, MZE R R R P, BRI R TR (n - 1) /n, TR EEF AR TR
1/n o5 FHABE 2 IORESN if B case, WA X BN LB FHFMME, £, &iHEFETR
AR R A TR IE BT T XENT R, EEET IR X EMPHEEBE.
B= R A, RS TREARIESE T AB#ITEYL IER T &I X
PATHSRE I H AR B B0 R,

FATTIUAE AT DA AT 2 A 45 o) 3 B P 1 O SR TR ROk B 5 5 M BT R . O R MR
mr .

1) EABEHREFHE - NERZHMA—NHHRE SR S. BT ES SAUUEESR
W E G HATE A AT 1 &,ﬁk@ﬁ}}’hﬁiﬁ$ Sfreq(S)EH 1,

2) fEf— AN o BPUTHREBOR T HITE AL APt R, 108
G55 v, IABAT R R HBUTIR R R L o; fl v; ZIEGHR SR prob(e;) . RATE
BED SIS EANITRRAFRRER X, M TFERRETRE—SR

freqg(n;) = E Sfreq(n;) X prob(e;) (7-15)

HRERn,

3) mr~&%ﬁ<%%'&ﬁﬁﬁ7}ﬁﬁmﬁf%j LU B FAREH BB R &4 R
PR, XS B RAT N AN A B AT BRI

RATLAE 7-15a FTR ) VHDL 47 0 A B B 2 F R T ¥k . VHDL BH RS
B NE 7-15b iR M FATRFRE AR, 72/ 7-15¢ WEHRE PHEA — T TR W
SR 4 BT 7E T (0 B A P A R S, MIFE X B TR I AR E— &l BN, RZHF D> A
HE BRI UNEASR B, B B; 5. X, FETUR vy Fl vy ZEFFE—FRIA ep0 B
Gh,BIN T — T ERELE A So

FEE 7-15¢ PIEAFIRIMTES A vy T vs AEMIS ISR . RATIER LA BRFR 2
I R BTSRRI, B o, BRI R v Fl vse BR v BIIT—K
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HIRS TR A S v BT —IRBOBT LI B85 o5 PATRYIRIEG 0.9 F5. Bk

A=A+1:
for lin 1 to 10 loop
B:=B+1:
C:=C-A;
if(D>A)then
D:=D+2;

a) VHDLMAFFiEA) b) EALR o) BMMHHK
S 5 ol o PR

B 7-15 M AT B i o

freq(vy) =1X freq(wy) +0.9X freq(vs)
ket AL T REBE 7-15¢ PRIH AL S, RIVE BT R4
freq(S)=1.0
freq(v1) =1.0X freq(S)
freq(v2) =1.0X freq(v;) +0.9X freq(vs)
freq(v3)=0.5X freq(v,)
freq(vys) =0.5X freq(v;)
freq(vs) =1.0X freq(wv3) +1.0X freq(vy)
freq(vg) =0.1X freq(vs)
BT X R BB B SRR, sRTTSR B R AR 4 S AT

freq(vy)=1.0 freq(v,)=10.0
freq(v3)=5.0 freq(vs)=5.0
freq(vs)=10.0 freq(vg)=1.0

—B#E T B8 ESREPATHE, AR AT 8 7-14 R BT RHRITRTE.

T BRI B, RATRE B R R T ML EA R PATI ], AT I AR R AR
BAMTHHPATHE . B RRRE PSSR T ARRBNER, BT HRBOWSH
WA AT HE A AR, L, IR A P R B3 RS MR R R
PR AR U IR O YR B, R 0 AT K18 L FE BT Sy AT 90 1R 77 2R U7 1] 9 P . 264U
1, IR IRATXH B AR TR AR AR A e 8 R A YR, LT LA S B T R i AR
R, BUE @ 8GR T RARTE AN A S PIEE B R, WA kAR
AT Shyove S 1) BB B
7.3.5 JEfEEEFME

(5 A AT i o WA AL , B A AR B BRAT D U U A B (AT W TE
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2] RGNS HABRFESRBAR T RERFENS R ). HEITRZENEE KV EHERMN
BREHEELE 7.2.3 WHEE L. 178 B X #lHE C KPR E access (B, C) IR
E—T BRI BRI R

W bits(C)FARBEANHE BT EE CHTEREERENALE, R MTHIEHET#E
R — DA B, W bies (C) SRS T Hak MK h, B0, an R EA1T K5 558 i 8
chX M chY VilEl—A 16 fidrg X F1 32 F X 16 AR Y, W birs (chX) N 16, M
bits(chY )2 21(5 Ak 71 16 FEEHE)

AT H B BRI Bl E C RSB T iR

total _bits(B,C) = access(B, C) X bits(C) (7-16)

AT AT 0 B S PRAT B () AT 8 IR 40 - T ) FRSE A5 B 1] o

#+ 3 8} 18] ( computation time) , Bl comptime (B) & X 7470 B PATH AT B Fr&mtE,
X E R T AT 0 P IE IR E JEIR . R R AAFE R BIAT

i#15 B} 14 ( communication time) & XA AT A U5 14T R A EREHE BT T ad (] . X FRIE (R
] 28 0 1 58 1l B X H AR AT R PR R EE . 470 BB EE C SRR & 5 i E T
K commtime(B,C)o

HE et E] AT SR AT — P R R AT s R ok . AT RATRE S X Tl [F AT
B AR . B protdelay(C)Fm@BidEil C EHEANMEBMNE, HERE, BETH
B A —EE C, BABREE, B4 REEE, WiKiT M HE(EEE commtime (B, C)it

BnF .
273 commtime(B, C) = access(B, C) X protdelay(C) (7-17)
I C B ERIEHEZE avgrate (C) I AT HARE
_ total _bits(B,C)
avgrate ( C_) ~ comptime(B) + commtime(B,C) (7-18)
T8 B B L s m R R
_ bits(C)
peakrate(C) = protdelay(C) (7-19)
7.3.6 MERIFMS

SHETR B/ EAT P4 1 BT 5 B A AT NI B A R AR, —
BB AR E, A5t LASRE B R R S0 F R TR, B, % F—4 FPGA
RIS ER , X i3t o 3% B ) 48 4-1F 4% 3 (combination logic block, CLB) & 5044 AT LUGE Rk
R AR I CLB 5 BARMEE], X F—NTREFIR ST, @i 2 B AT LU b
B ESN TS BRMEE . XTI, Wit A/ R AT 8104 & S s
B SR AL, BRSP4 A R R S0 L SR O T B A8

FEAT R RATE AT L BB B AR | B2 1 2 N LT Sh BR R BT . 101 7.3.1
5 R HITIRE , IR 48 AT Bl S L7 — 38 ) B SR — 38 B 19 FSMD——%eH85
] B4 TE RIS B A TEA A BT . R — BT, RATE VR T 0 T2 58 5L I o S A

BRI o [FJRERG 7 st AT ARE F B LA | 15 Fl FPGA BR
1. KBS
BB R & R0 RT 4% 7265 50 (I B4 28 MBI 28 ) LS BB B 5T (0 ALU LA
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) EERET (NS HEFRTEL) . BEERGAHILM T EERE(GDWLO it
T o TEX—ER, AR A B R TR X Sl A B /D RTE BB AR

Ftk £ A RBET IPER AR BANBIEE, R BN R R BT NP
KRR B TSRS LI, B, XM LTRSS ARRIIANFES
TTHI, BATEENMTAPTER P S ERNERAFTEN . B A A NE T
RN BIE— P F SRR ES, AR TR BB R/MEETTITH. AREMN IR
RERINGER, RITBAE B ENTREFY. — TR £ A8 (lifetime) & NN IZAE B
HE X (BAZER)BIER T —E R RS —REH (SHEAE B HE) Z [ E k%, —
MR AP THHRE SRE A RAFHNERBEMS, FHEE 7-16a il FHH
FERIT RN, BEMN v, B v XEER, BMERNEFPWE 7-16b Fin, R o 7ERES
st FUHER v1 5 vy ZFL, RS 53 BIE —KBMEREERUTE vgo HIL,ZR v 78
:{k?&% S2 *ﬂ $3 E’j%“ﬁﬁ”%o

ViVy V3 Vg Vs Vg Vq Vg Vg Vi Vyy

So
5

S5

Vi 2
a) BEERITT R b) A=A
B 7-16 ZEMNEFH

— BB BNEFIHTE LR, T RASE TR ERRELAXLTRENTHEMEET
¥, H% 45 (clique partitioning) 7 ¥ F TR E REBL T B R — MR T AR BES. B G
= (V,E)RETHENGTH EZARFEIER v.€V ME—FR— R v, , T BN
AR v; Fl o, TTLAEAM RIS A0, Rk R LT AT i A 77380 18] B8 B AN 38 ST, JHE X B P 45 A
EBEE—%KM e, ;€ E. G H—NFL2FERA (cique) RAETFEPHAEBKFME
Jt. NIRBOBHEHNEMEET, RITLFERE G R4 ER/IEENE, B/ TRA{VET—
ANH, Z AR A E R 2 [CLR89 ]

HAVEEN BB R 2 BN —fn RRXBERICB6], BEhEaEE TEA, 813
R B R EAHPLE S H— X E AN — IR NSRBI EHE R
B BE RS SRR E ., AMEEXENEHEALE, EZRPRAN, NTTFE—
HAMER. SMEAXT— ST, ZE T EHRE TZENER.

RATF E4 M —AMTHRRBEARI DT E, R IPHAERYAETFHER 7-16b F7R
Ho B 7-17a 75 B4 8 A AR, H0E M 7E TS RIS T . B0, BT v M vy
FHHAR X, BB RN TS BIEE — & MBS o M v o ZEBEAREAEAN
BAEFSIBI TAR YL, Eik, 3/ EREARSEZR T, RITTLE 7-17b FintIg i
M EFHS A EBIFFAE R1 3| RS,
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Zi] e
{V,.v5} = Rl
{Ve&¥2,ve} = R2
{veVsvgt =R3
(ViV} =R4
v =RS
a) E&is, BARE b) EIRISr RN
Rl R2 R3 R4 RS
So
sy [V V2 A\ \ Vio TR Eial LT
e (V) =Rl
5 Vi {vyvsvg}  =R2
EETY CERREEEEE REEERR) —— e S SETEEEEEE TEEPRPPPPR {V.pvgyvu} -— R3
53 Vs Vs {Veve} = R4
[ ISR SRR ERSURUUU FURTURY BUSPRROPIIN v, — RS
5 Vg Vy Vi °
i _;l__‘./2 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
c) MR EE d) PAEMERBIFH
X AR LA ]S

B’ 7-17 FFssam

F— A KRR KRR T £ 2 F % (left-edge algorithm) [HS71], H 2 REAL #
FRNBER/MLIKP8T], 1T HHAEN—RFE R K H AR KRR, ZEEE L
i B o2 B AR T IR 200 S B IR BRI HE . B B HF RS RETE TR
B R T ESIR P ROIUF R X SR BWAFY . ERKAET, XSS E—1
B FHEHRR—FOERBZFFR, R ERERNEFYH S CHRGZFFEHE
HABMAFPABEIRLX, XEFERRGERBERELTBARFIIRTHEMER. Zd#
BEEPSTHBIA R EMERBFHFEN L,

N T 2GR B, ROV TFE 7-16 PREEHNT A, BB IEERER
iﬁ%lﬁllﬁﬂéﬁﬂ?,i“iﬁﬁu L=( V15 V25 U4sUgs V105 U35 V55 V75 U85 Vgs "011)o EE KB
TS RTT R1 BRI AR o, IIRAE; AMFH L, BWATRIAT LSRG 77 68 T
R1ITF—MEREE v, BACHEFHARSCHRS R1 AR o, AR MHAMAE
BTSSR v M vy WBLT RN, Hilt, % Ry REFELER v, M v, FFH L
Hif v, 1 vg MBR. FESE KA, FFHEATT R2 BB v BRAE. HMKFS
L, TURRER v M vg WA UTEIREA R2, BALUBERE T, BIFEE 5 KX L ME#EA
Bl TG BB IRAEHE R IT, B 7-17c R HZERERN 5 KERIBPE I ERNERS
W, 7-17d BoR THERKIRAFAHRHREGER

WA B EAE B A E— AR SR TT A%, BRI B REXT AT 8 R BT R ATl SR T B E
ik SRR TG . B, UL BRI R R IR AR R L A K B BUMT R B RY,
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2 #& % 70 (functional unit) FIRSLEAT R P HIERIE. X BT TiaE o & WiEfh Al R i
TR

BHE, FERITEFEWRR AR THRE.

HWK, nRAT R B LIt B PR R LA HI25 , BR-4 7T LR A BRI 2 5 #: [ CS86 ] R Hi i€
BB T E ., 2 R EEEE W, X 50 B M sEFE R T RE N T 5E
. EPENESRETIPH—TEIE, YEOOCSMHMBREGSBRBARMESZE S, m
[ A R — DI RE SR ICRESE X PR R AERT , IS R S E— Rl AP REARRY
A A R T RE AT O IRESR & . AT —F A ik i R M B v 8 2 A E ) DI RE BT Y
&

BJE, R 0T RHLE T HERBA R (FL R RIS S50 , SLBAT R I T BB B IT Y &R/
¥R TR A 48 6 B % (force-directed algorithm) [ PK89b ]88 . % B B 1 B KR 2K R i
BHRBSSREFRAATBRRERNS P XSS ERIES A — MER P R IIRERTE
B HoAtb Al 4 R o IS BIA SRR, P AR B SRR TR A & . EB SR, BB EMN
AT — DR ERREE - NEHE P, AR R TR TR . HEBLILR,
SR AETE S B E RN R AR E R R W ZRRIRER TR T REE. S5H
RIS A, F138 1695 BB SR 3647 2 66 48 & (functional-unit binding) , BI¥4T A P YR A1ETE
WA E B TC, XA RERIREA TS RE A TR X, B BRI EFiE
BT 5hRERITZ R BrE LR E .

TEAT R b A B B AR S B e S BT e A T A Th BB BT 2 5, AT T AN 2 3R £ 4
(interconnect unit) KRB BEATIRAL T, (0 F T 05 S U AT RE BT Y DR M B B 2%
FBREAEARSHR, BNEARE—REEF - FHBERBHERT, H—FHEHETR
ke T AL REREMNUEE—RENEERTUEALL, H—TE, HEREE
BEYARESHAE, AV ERIIERAGRE- N ESBEESHEG T X,

1% T BB TTRTTAE TT LAS: BUAT ot i o A0 A A B AR VE B A AR AN DD BE B T A Lt
P HEEES,

B4, B P T RIShRE T M E B S, B, R AT AHREERA .
= B + C,IfANEE B #IE 8 C BB HIF A TR AT A BREN IR TR &
R, FIRE  THEE A TTRIEME A TR TR — & B

—BiXBEEOSHE,  MEEH TN E — SR EERE— A& P E, —MEER
HERR ST — 2R X B B SR B XS R R - B SR A
2, B 7-18a B T —4AFFRM— A AT AN AZ RN EE, B TS8R
TR AN AN, IR AT ER 4x 1 BHEFES M1 M2 R EER, 1A 7-18b
FioR o il 4 8t EARF £ Mk RS R A , HE A S SN £ B B85 XX S 3L [l A
HEH— TR E SR BRRANE K. B, B 7-18b FRBEEERES M1 M
M2 #EA R A TFFFEE R2.R3 fl R4 I A . WX EFFEAR BITIRE A TH B M AR
IR B S 4 BT A A4 1 R, Ehy 5 B 458 M3 SCHL, QR 7-18c FTR . AF R st #E4R R A BOSR

WA T i T B R AR A B BB, R T Bt BS RA . BN, [ 7-18b Py

B 2 e e R SR IO A BBCR 8, T 7-18c =B M A BEH 7.
B AR THR R ERR ARSI k. X BB ERY SEE A

278
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FA LA E TGS A T AT BE S T B R L. B P B TR BRI R — N &,
T T A A1 7E 1 24 BN 24 40 7 B B2 3 A 7E A RS 25 P 3 R 3 Al AT R 2. X R B
BAAER—NEBEST, — AT TS TR M BT 2 B A0 43 e Z A ] Y 2 B ot
EHRELE,

& 7-18d B MEHT THRNNE, RAKASLLIT A 7-18a P HERE ., HWEARE
ZUAEEEEEAMRNETH, NRFTESREER, N SBERAEKREH, EH
7-18dh, B4k B1 F1 B2 5@ B R E RS M1 32 THREHTAEmA 11, X TEMEK
H AR T SR TR N BT S RA SR EKAETTER . "TRASKEE MG FF
KB E—TEH LR EEK,

|_l‘(_1J &) [®3] [®] [®5] IEI'RTIIE'I
i

1 | ML/

N\

b) SREFBRLR
[®1] [r2] [®3] [R4] R3]
!

Bl
B2

Mi

o) WSRO E B FBBA d) B4 ENFEER
&l 7-18 WiE HERETT

B B PR T ) ot 5 S e o PR L D BB LA R LB B T AT A B O vk, RATTBLEE
B E I — 4 BB ASIC SLIRH EH S g @ %6 & @R, HRKNARE LM LU
#A] F T 16 A FPGA #95E8L.

2. HIBER BRI

B B R PR 3 2 — 53 B 3 (Dit-sliced stack) [WCGO1], 3 v B2 i B 8 B 4
VEHCB B, A RE A, HE B IT ) R A& A 243 (least-significant-bit, LSB) M7 B Xt
F. HEMWE 7-19 iR, — M ESEERTEER— MM A AR AFR ST, Bk
PHAGEE-SBESHER L BELAEAMAEZREHERE—SREZE L

W EBER N E R, RINEBERE A HEKE Ly, A& E Hy, o BB Lu S
@/I\fﬁﬁj}#qja%wgﬁﬁﬁﬁttﬂ,ﬁﬂ]ﬁf’ﬁ*ﬁ%ﬁﬁﬁ%*ﬁ’l\ﬁw}#*H@ﬂ%%‘&ﬁ
tr(DP)s A R.F.M 2B R8O E B 00 E 788 DB R T R BBt B . &
tr(REGi)\tr(FU,-)\tr(MUXk)ﬁ:'gU%ﬂ—?ﬁWH‘“P% i NEERFNYBBRTE R TE
B RIS SR, IRAES MY P REEHRETLGTENT
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-
1) Larrrﬂ-‘f,,, Ln BEoy | L el MEING) [ 7-200

o WE SRR *ﬂﬁTﬁ?ﬂWﬁflﬂﬂzfﬁ i'f?—'"‘i“%;r_ﬂ’ﬂ BE o W[5 R I
HRRE TR T R SR FO AR R RV A R AN 71y B TR R B AT
H FERRE.

I'.w=|r-'='i.'r|:]'.:'.i"":| [(7-21)

friah
P

H'\.
“a 1 AE

E=R £

Bl7 09 BLw B0 K HE IR 0] m 8 i B R A

AR+, S5l Hoy 6 E R PR TS . I (et
o 26 ek B A e 1 TR e T s R S e o O A el O B T O A 2R ELE
b O S Rt R e B R T R R ot (R e o S e 1o il Bl s
B, FoH R (min-cur elporichm ) [EME2 16l I TiEH £ BrS e (L e R T
FEEMTIAE A CTES. ERERE S L S E AT, e L E R
TTISTL] B O lopn ) EEE _H « ERHEEE,

—EE AL G EYER SE ERE T WMETREE R wen _per _veack EEA
T B0 ek . L o e e 3 AL B | el T il 2103 1] P g/ - L T
(e ek . TE-2, TAERIH T8 A W HF 11 W]l AT

2T (722
“:"- nely e dracl 'H i )

SR I B weea b 10T ELEERT @ B
area{fit) =l ¥ (Hay + Hy) [7-23)
WS 3 bivwideh ( DF e SR B R L8000 8 A0 & M s o A5 i s
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area( DP) = bitwidth (DP) X area (bit) (7-24)

3. BHEATRFHE

P R ITH N — BRI E RIS SRS SHE T e HF , B8 — 5 FR—HEEH R IIT
R R

BB TEERETARE BHEBLURKSEE., REFESHTHEMEIHBEY
RE. THEZENBIERAE X THEHGES, HEARRAN YIRS — MR, K&
BHE LT RSV T —NRE, HRIUE A N YT RS MBI AR EL N — 1R
PEE R S K PEE B U BRE R S R R B HB

AT AR REBW BT 7.3 .3 WHEHNR. MR —BHHEE N Mk, B4
REFHERPOPLIR birwidth (SR SR log,No

el T 5 IR S BB AT R EIIE G FEVLEE L85 (ROM) BT 4ife B 4
MeFI(PLA) . TEAERS o, BATH UHR S BEHLIZ 8 F1 ROM SEBLH X KRR, X H PLA
LA F BB T ERUE AL E R B £E[ GDWLIL 14T T8 .

&l 7-20 B 92 F R ALEE 45 SCBL RIS B B AR S8 48 X BEVLE B R A S T4
B Z RN LI . AT XS T R A, RIS AT ERE S TTRRITH
BEAK/N, LR A LB H BT R B RIS .

Lk
=y T
? !
[
E AAAAAA E ﬁﬁﬁ
| | : c
i 1 |
N R 1 .
B N O - <. .. 2
| —| L
| l ;
| g KL
E < l E Nn
i I |
L. _4&_ ________ _zg____' ____________________ E
REFHFHESR
] I
BEARRELLE

B 7-20 EHBITTHBRS /80155

R BITE SR R — RS, R B E B A P B RS T BERIE
To AT WA R BITHTR B THEE, AT LK A 1 BOR S 5 A A R T BRI X L it
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itk HE, B FEE—TRER BHARFEALAREZR MUXEAXEIEBEES
et Ay, HILEE B 5 /M H S on B T IS M . RITAERMRXE—NFT I,
B e — A AR HLE 8 5L LRI ) BT T E A B E R TR BE KD,

ZEE 720 FiAmES BT, B TFEMEHZMKEKETE 0T, U THE
PR FFHEMEZSKEERHBE. T -FEREM S, —M38TH KA i A w580 %
FAERILRIFARIREREH S E . B, SRBEEEAFFHEN, AT RS FAaE
AZLHEHRL C EIERA. C BERMKRETTUESERERBRPREFEERFES TS
HEfI A B R T EN KRB, SHEM, RE—- P RBETEPIT - FEAErER
e, M % sh e B TS E MR R EEA . WRAIE—NEERBNIRERITHIEIR, B2
AN I SRR P A 125 B0 W LA 3 A 2R 28 2 R4 B0 BB X T RE SR T I BB SR P2
BBV R RIS ES, T 2 X1 BRREERN log,(n ) REEL, L RIZ L
VEFEAS h 2 B BRI TR I Zh BB AT, T LUA RN B MR SR 7E X L AR 8 f T BB A TT 19 — 2
REPRIERN, BT HRSLEFERTTHAND, RITBRENKRESKEPHER TP —EM
B DT T OB, B, WShRERNE N RITHR/NEE RS —F,

FERS TR FELS SR PRMAEMREN YIRS HITRIG. EHEEP 5T
HEHEEMERKSRSLRERNERERN BN, 5N ERBR %R
ERREHER, BRRE— I EIEERRESLE N — MRS, U5 ASRPORE LAY
bitwidth (SR) + 1, Bl B FREFHSFHNLR,

Mo, FBE bitwidith (SR) AR, AR PREFFRW BN RAELRE

7983, kA 7-20 Fizs o

FERE T 507 K8 RAEFFR N NIEEZE, RITKT LOHEER 85T
R RB RS 1 (CL) . I’ ¥ ERBEENERRLE, B0 R pm? /BT, Ry IIXTF
WE AR TORE R AR RASL TR, B SR T ERSE . BHEEN AR
BWTF:

area(CL)=yXtr(CL) (7-25)

DL _E AR IR R 2 B R B/ ME B R BT B . X T4 E BB B, X B LT
WEAG AR — 1 M R R [ B,

Pt 85T ROM £ LA 7-21 Bk,
%tF—4 W x B i) ROM, W /R ROM H REX B ¢
FHREE, B ZRBINFHHE | EER

SMFRI PRSI SR L, EROMF | [sR]| wxB [ Ck
BETE—TF ML, KH,ROM $1F oM :
B W ST RIT N THE MR SR i

=

X F4E & LR ESL , ROM R ENF
s — i, Hit,ROM N5 B, &
4 A TT T A R IR TR SR A S5 3 N,
%#Jiz‘ﬁﬂ@mﬂmjﬁﬁﬁ%?&%ﬁ%%
SR WS W x B i) ROM K RZ M,

wEL

B 7-21 |8 5TH ROM
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7.3.7 SIEWL

— AN B AT R B XHEAT AN BE AT U A . XFPEGER A - EEREET IS
WIR BB ELELH . MBREMTHEBELES B — ML A3, B AR B ERE R
SR BRETIH,

1813 % & (communication width) BL7EAT K21 5 Bl F U5 [ SR8 B9 R 8 3, BUR FHET)
BEREA A ] B A

1) % AR 3% O A8 15 08 B B AT P 3 O 75 B SR VEA . Bilan, (BRE — B BFER
T 16 RLABORSCEE, AR4 LT B3 1 A B S BUEAT MR, REQ BUFAG  1 {7 3%
[ ,ADDR #3F5 R 16 S FEA9% 0, DATA $iFE R 22 ML RN H .

port REQ : in bit;

port ADDR : out integer;

port DATA : in bit _ vector(21 downto 0); '

2) BEEE EFEFMAEN - HTREEHOEE, BETHEHAMRES
(HDL) , il HardwareC[ KD88, DK88 ] .CSP( Communicating Sequential Processes)i#i {5 B /¥ B #2
[Hoa78]A B SpecCharts[ NVG91alK5E Lo EiEH $i5 & Bl— T BE&, R B LB T —HER
LR MRS 2R b ISR R i 1R TR R BT X BT TRk B B A
LRI MR, B, A0SR — AR BOEE AE R T IOREH, MR E 18 AR LA KE
15 (16 S AR SCEBIR L4, 2 AL kG S AREREF D .

3) 2RMEEEREHRPHTIFEN LR, XEFEMHRFELETRAENL
SNEBIY . N, —4 VHDL # B B I iRLRESk S —ME#mEs. ek
PR RZER M PLRE X TRE RSO . SIS HED0FL R, E8FREMNBRT
2RBEFHRER,

4) BRER HTAERARTERSRERE THRSTAZAKERFRE. MREL
LB P BRI, AR RS EER, LA BDEET AT REFS G
T. BE, MEZABRHE— Y WREAGLH, B2TBRNEFRERFTEIRIES
B (SR R RERHE) IEEERER AN, AN AFEEFESUAF T AEN
WIS R IZIE .

StFAERTHN B, P RRROFHES, C RrBFEESS, V ZIEIRNLR
HRELS,S BRI NAANNBEES, MR widh (2)FRHEBF x IRERNELH
B IR AN R EEMN R EBRERIN T RE

pins(B) = D>, width(p;) + %}mdth(c,-) + D width (v;) + D width (s;)  (7-26)
cEC

b, EP v,€V 5;,€S

7.4 BEEME

FET22WPNBTHRGREER, AR K/ BTN TE 8 1
PEAE 7 g 2 BT, AR M EMITE — TR AR RS,

7.4.1 THEFEER
St F— AT, 47 iR L AR H AR B AR T S 4. BIRAT R PR AR Bk
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B S5 BAS K B FEE RSP . B, BT XHT b AR B BT R AR I X A AR AR i /5 B AE
I, THEERR P RIT AT RSO T, 7R EHESLHRNIEOL
T RAT I UFAREEDIT, LA R BB A o E R H . BB R— A% R R R
ZMTRZEREE R E S L E S A R TBA . IR MT RS BB AF AL
B, BT Ed AR REE, b S Y EERE R EEER

BT AT SR B ——& FACFR S S RUAE FER, T A A R PR R,

1. +RAARBRERAY

WA 7-22a Bin , TEE AL BAHTAERT , B B A0 w (R R AL 38 & F B 4R 1%
B ERT R AR FL B MRS EPRRITER .. BRES5E AP KB A i 2E (tim-
ing) {5 B (Bl $ATE 4354 B B Rt b R A0 F1 X ) (size) f5 B (B KIS BT
¥0) , RATET LB B B R IFAT R K/ NFIBATRT ], B0, R — A7 R AT Intel 8086 %
AhFESE FACHL, A B T HIER 8086 4K, KIBCHBERIT NG, BLRE S 8086 14 &
FESCEE BB RE RN A /M BB R B AT R PE BB R K /Do 28U, ISR ZAT N EFE Mo-
torola 68000 ZbFE 28 b 3o B, 3EE B 41 F) 68000 544, ET 68000 84 HETEEFA /N
(BB VG MR BT IR R, T X PRE 88 R AR & FIAL A 0 B4R, AR
ZHE R EFER,

8086184 | !
AL

________

b) A SR
B 7-22 KEVAER T
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% FAAL AR R ) - B s RS A T E AR M, BB 04T o R SE B 4 13 B 1 8 $hAT
RIAbERES FRY, [BE, XA B T BRES T G L FAAESN T AmiEas. AL, AR
B RMEE N —FhFT AL TR . AL, APEAE N B T 4iE— MT AT ER KN HEE.

2. W@ ARAERE

% FAL T 3SR AR 48 A [R] (0 B AR AL BB 28 T 3 A [ B 4 1R 28 AR5 2%, SR TE], 18
[GGNO4 i s T —Fuil FTAS RS, G 7-22b FR , X RIS RS 1T 0 B etk dmis
— 48 = b5 4 o 7EX BT LAE A& A AL B 2% i BRSO, A28 ik b A 0 E R 45 Rl
A IrEE T HSER .. THESREERTE S BRGESNEAR XA E SRR ER,

BAESELTIMT k.

1) BAR/BE/ELFEES: <des<srcl op src2>;

2) Bah BN AR S : <des<src >;

3) &R IE4S  <if cond goto label > ;

4) JERMUHEBIES  <goto label e>;

5) FERAEARIES : <call label >

TEUA E TR, des BR— AN FHEME— NEMERTT, T src Flcond RAF R HFHER
WE RSN . label TETRABEREHL ST BT Y EXEHELS EH=MILIES5E
WAIE return M onull 8%

54 B ARAL P8 22 RO B AR SO AT DA AL B 2R 15 A M BT E R /ME B A R, B 7-
23 B H < dmem 3<—dmem | + dmem?2 > E TS IR EBRA TR IR, XBK
dmem 1§ B —FhE B FHEEE . WSS B SR B AR BER TR S P 5. %l
R84 BB S A E ISR %155 R P h B A A IE 4 e s R 0. B 7-23
#1 EA1 F1 EA2 F#RTEM R FHHE R T HHE A R at Br& it a], 76 8086 1 68020 4b ¥ 2% I,
XFANE B 6 1 8 ANBHah AW, XkE, i FITE 4 1E 8086 Fil 68020 ALFRAS b HIIBATLATHS
|43 B 35 A 22 A pR A

EAES
[ dmem3=dmeml+dmem24|

808634 68020384

4 o FH kg e FW
mov ax, word ptr[bp+offsetl] (10) 3 mov ab@(offsetl), do  (7) 2
add ax, word ptr{bp+offset2] (9+EAl) 4 add a6@(offset2), do (2+EA2) 2

mov word ptr{bp+offset3}, ax  (10) 3 mov do, a6@(offset3) (5) 2
8086F A S 680208 R X HF
bk g AT ] | KA BARS AT B R | KA

6
dmem3=dmemI+dmem2| 35Hf8F ;% dmem3=dmem1+dmem2| 220} e

B 723 @S IREBEAF
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KRBT B, AT FEFAERMEFE S, Z007 LA B 4% 2] 8086 Bi# 68020
W3R LR TREMT N i, B 7-23 P HALERTE S THIFR =4 8086 1S AR
BIFFF]. =&IESHER/DR 10 735, XA EAME 8 E A4S K/ S EEE A 8086 AL
AR SF,

5% A IR b, 8 AR RAE S TR R . B4, B AERURE R IR F B iRkt
AR AR A GRS ARG SR . P EN RE— M 4iEHR . — MEE S X —HE AR X
o HW, EAEAHESEEHSRES ML ERTHRES . TN TIELFRL
TH [[5T AE FES B AR SCE . ER RGBSR NI ESR TR EAEBESEN
BEMA/MERZIN, B T/FE N wiFd . BE, BHRBAEBRNRFSRSEZEHEIEN B
AR AR, BA=IEIESER T4 R, Bl BT IERERAESE
FeRIRRRME N LR RS — T E B RG E R BB R, & BRI — N 2P
fili ot ER K, RTER AR BRI DB S R ARM VR B E LIRS —/h
. —HEIEMAERIES LR 5Z SN —4EATES , BIZAEY 4 300 S BHLE /Y
BAE

IRATH T F I A A 2 SR S B SE T b X R R TR 28 K/ BB FEAE % K /N B 344
PERERIRAEBEAR . FIRERYE AR th AT B F TF& F AL FEAS PR A AL,

7.4.2 BEF{TRIE

— AT B R R B BATH R B R 3 AR SRR TR — ke, 4
E—HBARE, SERPIT R HFIC R B R PIITI R ENS S . A RNRANH
ABHE , h FHAEE SR XXM ITHER, IS EMR SR RIAR SRR, 5
— 5 T, B A VRS X A SR AU, T B, AT SRR B E A B &M TR
BTN , B PAE BR AR R M R EE R . AL, S TR A LS SEIE Y, B EMN SR
BN, TEXAERSY , RATH R —F 8 SR BAR R KA BBV 5 RN Ao

BTG S 7.3.4 A BRI ITR R B 5, WD RER R 4 UL
BEARH, EENRAS T BNESBRSFREA=HIESES. BNERR b, HPIT
i exectime (b, ) A BFEX N Fe A B 9 9 65 4% 38 48 4 O BRAT B ] ( B AR Ak B8 4% B9 B2 R ST
4 9128 TR 4 BT B R I B0 Z FRBE o

BE BETNNER LSRN ENHERRE G £, G EWBIMESE—
ABUE , ZE SHN AR AEPATR RS, B AETRRNR SRR, RATT LU
BRRARETHFWPITHE, B5, TRAFE 7-14 PR ERRBENMTHEYY
BT B8 AT B L

—RERT , GiREE I F AR JEF AT 2RRACFEEARMA BRI, &t
W AT GRS AR SO E A A . A5 o 8 iE R PSR RN A
ERAL IS KRRk, B IR AT B B B9 IR A T B R AT Xt R R L RS Y . EFE A AL
BRrEEE, RAEEAE R E AT NSRS R FEFOMAE, L4 F (perfor-
mance-optimization ratio) 8 & XA RE SR AL RASERER L3, B RAZEA K
Livermore TBFF B 4T B2 TR LR, [GGN94 148 i M C # 5 8086.80286,68000 FI 68020
55 E AL BIR 0.74.0.68.0.54 F10.49, {E15 5518 A= X 8 78 FUBR T B K F 5
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BEA. Hiv, TN T B TREMBEE S 5 A TRERARHAEMERE
EEMEERE,

ZIAFZ )G, B 81T7 R B BTEREPEY exectime (B) , Fi3R_E— MEREIRALE 6, LAE &
GRS AL B R e, 3K R U, R AR R AR AL T B AT O B B AT i ) B A R
optimized _exectime(B) , A

optimized _exectime(B) = & X exectime(B) (7-27)

XFF ) B A AL FR A, LA_E RITAL T L BB IR T L TAE . (BRI A RS MBI BT

TKER FNHAT AL B 3% B PAT B RIS AT PRAG AT 8R 2 — 1~ M R AR B [ R

7.4.3 BEHEHXM
R R/INEAG S — 3 ¥ R A AT iR BB RS . BFEAIRSWA/NE B
ALFRER B AR SO T RLE . RIS SGE IR A B KN, —MT R R R AR R/ AT LU
EISR BT P RESERES KNZRRITE. MR—MTHR B BmFER—TEAES
29| A G, B instr _size(g) RAWBRAES g WA, 170 B IRBERERFA/MTH TR
"
progsize(B) = D instr _size(g) (7-28)

g€G

W 7.4.2 WA BRI, BB GIFRACI R B 7T IR PR 0. M 7-
28 A BRI E A/, /T LATE 6 MR k3 T 8 iR AR AAT o S HERR IR A

7.4.4 HEFHEKAN

T A R 2 Th B A P B 7 B T LUS B BB AR KN . BB B 4 BURFRER
/Ndatasize(d)H d BB KPR PEASHTCE NERE . 1EAIBHE T B i 2 BUER
RIEES EXHPATESNERE, Fin, ZEUT XA

variable X : bit;

variable Y : array ( 9 downto 0, 15 downto 0 ) of integer;

TR X WELHEN, BEHERBTTROMERE ;R Y WEXREEY, HEME
FKAETEN MR 160,

R R AT B AR B R M BIE T

FERR P STIUR R B/, B ST Tffﬁ TR
BrRFEH, B 7-24 B RE—2% VHDLIES+ - R
LR BB T | 1

W d . datasize () FTDGHALHS d WEERRA |70

IR TR R R B | )

, FEE A Y, BRB R, NE 7-24
RERERFTUEN  BUFENNFHHFE
s, TR Y B 160 MR, FFUFE Y BT/ R 640 F5,
BB EA BB R/ANZIE, TR B HEIREEAMETLESH ERSNE
AP B SRR A/ MEINR R 8. ] D XA HN B FEBEMNES, TR B MEETHE
K/INATFIRAF 7 Rk A8 .

B 7-24 — VHDL 28 B8R A/
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datasize(B) = > \datasize(d) (7-29)

d€eD
BE A B R AFRHAIT ARSI TR EIES, R EA N RATE L Z A HSR
it EXADATRZ T, EEA AT ER DA IT R R ERA . R —MTHESR
KEEEFPNER, NBERAFER/ DTN IGS & TP, U SR A A 1F
MEBHER,

7.5 BREHIETEMEAR

FEX AT, WAV XE— B R G A MR L BT TR PR R R E R AP ik
fieaik o

7.5.1 BUD

BUD( & JE [ L3t , Bottom Up Design) [MK90 ] RAE N BB G & REH—F o, #1T
SRAFRFEENRSE. t6.5.2 TR, BUD RASRERH B B —17 8 B #RAE R 53 5L
B, SRR VRGN S BRI RE R E AR AR AR , S X B B REA TR B

BUD Ko A RAT M BB B (Value trace, VT) [EST78]3% R, s, R HE— 11T R
BB, A SRR PN RST80TV PE IR I, FRATAT LA B R
{8 347 A P ERAE T O . BUD B AT LITH B & PRAHME B B B TR, X R B
IR ITIAE I E KB TR RSN EAER. BUD A48 0% 1 R SEBAT 0 BT 7R B R AR
Ft1E]
| AESH-ABRERBRES BTSN RKER, BPHE-RKRMERIRE -1
B THRERTE . WA ERMMIESR REBITEHE . SFREESFIRAESRIRE ST
B, RSO RGE ST RTFARNRRNA], SEEFRREETH PHH
BE A BARE ., BNEEMKERBATHREEMKERER, X LBTRERFARK
B NIRRT R HOREA R

— BEABRERHE T ,BUD SR A Zimmerman[ Zim88 1#2 H} i) — Fh A B ML R B A K
WESIBRNTERAT L. &% T RB0ERMRS, = E TN —MRER . MBS
SRR, SRJE, NG5 R BRGSO MR R TR B, 7 A R BT A AT REROHE
FIHE. BRESARZTEMBASHRENRENRR . RELREHTUEHERT
FEE R TE LA T REROHERI TR o 1 PR B B e LA I FE B R B AT R K Ao

B AR AT TRUG , EEFTAREAY dr, FREEREEMN—MEREARTE
BB B BORR IE . AR VT RAREE S, TR RS { I<GSIN) PUTHIRE
H pio PEREEEREAT R R I SATR AT

exectime(B) = clk X (Zp,—) (7-30)

BUD HfE 800 B AREFA B P A T IHANYERIHER . S, 37T
AR, BE T AR X, U REHHEE S AR B b5 BB T AL L. Bk, X0
FEFERMIEET LAK RIS . SR, BUD AT SRS RET BIEER
R HOE AT B AR . BN, SR BRI S A ST &, [MKIOI AT T — BB R B HAT
B, B RECHML RO N, 7E BUD F TR AR R B KRBT R, BT,
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BUD G5 BT AR, T X £e42 il B s mARTE R it R T sE R B AR R E A AR
#aro

7.5.2 Aparty

Aparty[ LT91, Lag89, LT8I [ R—EHRI288 , R — 1 RE T R R4 HEANERST,
BB RERA—TERFEEDR EH—18. SE—MTHAM VT RIR, Aparty FIH—
B R EEREBAR R =317 AR5 o ,

Aparty PIHEBS A R—NEHRNER. B IMHEEZITINE T IRE, bR
BREEVE— 'R, ZCEE S LR MR ETRE NS ML E R

Aparty B iHE S BT A DR 8 OT A & % %k FR AR A0 T AR FOR 15 B AE B & A
TR, BPEMRRORES SRR — N REE T, WRAERBARRG - HE
ik it B ) — B b, BB AGE 20 £ Bk AR B S W S B A X L T BB BE T LA SE X B4R 1

Aparty SHEMFN R 2B (EXNEE) WA T ERTEZR S HMBZ FEENK
N,

PRAL M 4k B8 51 SR A CSTEP 8 2% [ Nes87 10 ShEE R R 347 18 B 1 7= A2 A 35 Sl 5

Aparty BIPEAS AR BE AR 3B ARG B A0 P4, B RA— 1N RAS IR ITH L ik
BRSO T AR TR X R M AL PO IR . BRI, BT E B IR R E R A ], (BIF]
B, AL AR 2URE A , B A AERS BRI il SR T H AR AR B Rk

7.5.3 Vulcan

Vulcan [GD90JXI4> T E#4T MR s —FF B, XA E @& F i, KL i Fl. T
EFERZAT A PRERE. Rl F R R ER BRI R |, T HE R 4 R AR R A HEf M , 53X
BEORETE LB X e ] U AR DI B T . B TR R A AR R B AR BT R B T AR
FERE N IE it EE (RS SRR ) . BTEF BB E R Vulcan BI— A

B i & AR AT DA SR Bt O R R B DR AR Z . AT, B HEF AR
A ESRFORT ILEEAMRE, FIUEBRIES S R A—TA

E T LLET I EE P AESAIIAANBKERNKERSR . WRRH, FRK
Bz A TSR E B, W0R— 530 BT i B M B TUS 843 BL 21 A [R] B9 2 20 38 3
HL IR A il B — BRI EE , DURBS A REE T

Vulcan H1iFA% 280048 S R & BE iR At Hum AOTEAY , B R T AURIHE BB RO PR A4 BR R A a3 B
B LS B AR R E R BOR FB B . TRVl G5 BE VT BB ELNAR , AR (AP a8
ERLL R T ST S RE S T R SR AR B T o

7.5.4 SpecSyn

SpecSyn[ GVNO4 1R — A Wi AR TAR R LM RIS R—ARKAH RS
WIHHELE, AN RRAMERGH RE LHEEE PTG EE S

SpecSyn M A RZ R G W PUTH R SR . VHDLIEES8]H SpecCharts{ NVG91a]iF
SR AT ZEN . B ENAT AT E e A R mREE A S X TREM T
FE (R A R A EE E AR R RT A4S A FERBITHGER) . BIF~AENEF R IAT
AR/ NS R X T RS TEMTF 7.4.1 FERNABEBEARAH(EERSLK
/NFITE B ARALEESS EBITREISEER) -
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BHAY B BRTEAE R R A 7.3.2 TR AORA SR /ML T TR BT B R . SpecSyn iE R2IFIR
T3 B a4 E e R

SpecSyn H i) & B PEAL ALIFIRITHERIRIBER T LUZIENMT . MRBEIBIRIIGESR
JG, SRR TR SR DR T BT TR . BRI BT RARE 7.3.3 R 8
YERF - " k. TR NIR ARSI, B TR 8 A PR BB R B B
B, AR AEFHB LB RN R E X, BB A8 R T E B K E CFH .
XMHEAFEE T BEMEF BN TS EREE, TR, BN ETFHMIEER
TOHTR ZMERERR N BE M A/N, ETxHEEEEERKPEAERARMTF 7.3.6 WHEHHE
R, BBRERETH-MREFHESH— RSB TRBER LI, _

#y € — A F VHDL S 1TiE R I1T 4, SpecSyn H #E PP 48 B Sl € B AT FH
BRI TRA 7.3.3 WA GAMERER - R BRAETERK S BT
BNEA R PGSR AR K N TTRETT A PATETE]

IR A SpecCharts i 5 K ik — N ERILEITT N, I4A SpecSyn H B REVFAd LA —Fh
FRE Ei R T, BT R R BATE E DL S RITE A B R 4F X VHDL W 54 AE 8
B XRBE . X TFAEMERE S _EBATMIAT R, AT BT Bsf ) A4 P4 w1 0 17 R
HITEL 25 R SRR T ERBE . MR—MTRELEHEFENFITHR, WZAT R BT
)R 20 B B AR FAT R B PUAT e 1) BT A X IR KL

SpecSyn Mt E AL T IFAGER, A TIP3 B AT A XA R IR BRI EE A3 PR
o XA G H R ER R G AR PR R BB F K REHE

Xt FRAESE B, SpecSyn $R4E T Xt $u47 ot ] A2 A5 K Fi g 38 KO [ GGNO4 KPP 88 . 7
B IR ST XTI AT i 1] 3R 45 B9 1R 2 B2 8% 1 19% . TERR TR K/NTAL 7 iE,
TSR BB L T BIEE IR R 5% F1 8% .

I — D RBGRHRFEE R — R — SR, — XM RENGTFRERS
R4 — N TRMN P REHAGEFHER S N Rad 4y . mRESMRITREZE
EERE R G HRE T E BV B ERR AR ERE, LIRS BB Rt 5 R
THEXWBE, N TEAXFES M, SpecSyn PH4 25 % BT TR 4L, LA SLIFXT PF
fh#F7 3 XS AT RR GBI ER . AERAWATPUTHR, ITHSE AL 18
SERIBVER  EX A B e A A SR E B AR RS, X TFEME 4Rk
5% B oL H N RS G R R B R B R R BVEAS , BT LAZE—MEE B B[R] AR AR R
SpecSyn X #ext THATAT (] B EA 5 BIA R K/ D B0 ERT . XM TERNE
B S BB ARG BT E R E] IR T R B B BT RS W E R Bk
BLUBH

SpecSyn TFA 8 i = B AR A TE B R 43 25 SR AL PEAE B B T SpecSyn G H &
75 T B3I (AL, 490 4 , 7E 35 AT A R AL R A0 1 0 T K T BB D SR B B B R 2,
BB TE B A KPR VESS E P E I Th BB TT E B L T X B RE R BB HEAT VAL . BRI, BREAR
BSR4 2888 7E— M AEXT R AT RO B Bl BB B K B B9 #E, 1B, SpecSyn H PP 85 K
BT HRE . B, — YRR SIEEI R B & K40 3. B EMASE IXE—
A AERAY BE— AR EME BB AT A — M P TR WSREIR A E R ZRE
B A UEAT AL , 3 B2 BE T LR BT RE
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7.6 ZRFERAE

TEREGN BRI BT E RBTRER R EN R R R T RE I . AR, R
X T HERRR S MK LI R RN — TR R WA AR S B AR K
(FFBE A PATI E] AR 5 B A RB R BRI R/ . RITMR T AT ERSES
BEIBAR . Hoh, HATLEE LT RRAG (Ll — R PPAG SR B =T AE N - MERR P R AR K
o BATETHE T —&EERBRRESMRERIT TR PRAKIFM I,

Wit EIHERRR TERTEETETIHE, KK 8= B8 .

(a) RAL FFEBATEHE— LR, LG R IF TR LN REERR, F
0, 42 ) AN E B 1 b 0 R B/ MU FT DA A AR B A B AR RE o LU,
SRS BT IR 2040, FTACHS R BR A UL R AT B MR, RZ %
SEIXEEARAL WA B ELAR  F AR P BB R BOW B AR AR A P07 I 8] S R U B R B ad W
it

(b) FRER:FEE RGBT B BOR BN , 75 B SGHT i B B2 B LA B AR L B TR 45
Ao BUEN, 3T FBR R AT SRR T BRSBTS S AR TR B
SCEE BRI B R AR BT RR

(c) FRGEHBHE ST B EMEENERNSEWIETROE M. S0, 4IPS
ARAFBEFAR, LI VLIW FUKKLEE 5L PR KBELABERBERTFS AR LA
Ko BECFPEAG B AR B EHIR LARIE I A 0y R (BN, ZBARK B B4

7.7 %3]

1. qufE 7-25 BizR, E(D)F M (D) 43 31 R A WA BT LB R 8 E R A TTHEMN KRR
6, HEFAFHTENREE.

2. HUT BN ER:
(a) HEFERL, (b) TR BT, (o) Tl E o

3. ZERE 77 FURBEGRIHER, REEHMRSCFFRTFENAFNE (R ERE
LR B 3E ) , 51}t — > B b RS A A K

4. B 7-26 FTRBIR—MTHHR P &R BBRE . BPEGH T LI ERENRE
THEEBLTTART RE o fo FH R B A U S 1 A St SR/ M B A4 B Bt P R, 1T B X B
HERR SRR

#

it R

E(D)

M(D)

w
X
Y
4

112
128
139
205

109 -
137
121
132

3

(3

occur(t;)

delay(t;)

pil
%

4
9

49
163

E 725 FEEENHTHEMRNEME

B 7-26 #RAEHIKB AT

5. QSR— AR IR RN RE TSI, A S BRAEAF — (R I sk AR E £ 0
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6. RLFH“BAERF - R FEITE T H VHDL B8R ERENER S, B4 EM
£ 25 ns, FH R H— T L 25 (BHEE 100 ns) FIF 1288 (50 ns) SEIX 81

B+ (Cx3);
B+C+D;
AxA;
C+D+Y;
A+E;

7. BTH AR SR R, 1E N P R B R AR R R RFIR P R RERTH . EAXH
AR, VR 7-12b FEAT N . RIETTHMTTHR  — N InEER  — Bk 8 AR A 5
TEso

8. s 7.3.3 VRN BHFIRAERRFEZELSETENG N EE?

(a) ZJRARRAE;
(b) WAKLIIREETT;
(o) TEE e ERMDI N

9. X F—NEEWH cache(FHE WHIEMEES) KL LLBMFT R, B cache BIKTIRIKY
frP 3 (1E cache PR B FFERIER MR ) K 0.8, UIR cache FI E7F A 18] B 18] 4 )l F&
50ns 1 300ns, WZAT A8 K V5 18 77 BT T B i A E] & £ 209

“10. BRI F—MTRPHENRE, G EPEHEETEE RR e ER R4 KT EE#IT,

X EFLL P, A D RE R TR 7
“*11. ffafEEk 7.4.2 WA AR EE KA TR R B 5 B, 2 BB IR RISC b #gs i
S HIFK R BRAE
** 12, BE—MTRIR, ZIT B TES A cache BIALTEAE E LI I RPAT, i —Fh RS
155 cache BT IR A 3 (7E cache FIRBIFF T IR

O X = W o
1l i |}






E£8E RIHERMIL

EF 2345 8, RN BT —LHATRBREDEMRN T, £ 6 ENE 78,1
MR THTHXENERSBIR R RGEA M ERBAR, D Foxhix 264345 R 5013 R &
BTG RIER o A58, RAOTHHEE B 7B AT g TAT 16 BB B R 435 52 0 1k 4L 4 1) —
THLREA £ Bk, BATH 0 EF REMNRL LI GEH—# .

8.1 B|F

— M RGHARUIERZE 2 46 2+ £ (functional object) , W0: 7 X E B UK EEEE., £
ST B, RATH X BT BEXT RGFE R, By — B4, B ENHARR Y — 4 & sas
(system component ) , Hll : &b ¥ #§ (processor ) . % 1 £ AR #3 % ( ASIC) . 4 #F (memory ) Fl #.28
(bus) o BATNREXRERETMEHE, BERREAGFHARIFHNEREE, 0, — R 8
51 BI% . I F (word) BRI K/ BER P LR (wire) 304 . 5 R e P B DT BEXT 52 B 5 AR
ARG B B FR N & 48 4% (specification refinement) o

HREMRARERITP - NEENT S, XAV B, RO ELIEFT LA A K
S B R GER 53 i BT RO G5 BEOR B, AT R R TE &7 AR 3 —3, BN %L TR
BEBE R, F A BEBIFR— RS IR A, XX 2ear B 7 B RS | FIER LSR8 S 5o
R TR SR AR RN B P RAN S, LA EE A RME A
BRI BA BTV, K, A8 R EHR TR, G AR ETUERGE RIS B
SEBUGE X R TIREM EFHEHATRIE, 8BS, LS R T UERERIT Z S ENRIE .55
AEMEFETRENEA

FEP, RIENB—RFHRAL T, &%, RITEN B 5TBAE BN E&KT
BAHRHAIL TR, HK, BAINE —BEH, BTFRRESMTIHEE N L ERFETSH
KPS, BN B BEERIIF - N EHSRE S NEERERIIFR—I 8%, B, BRI
WHAT A ECBIA B8 0 (5 S HFE E IS0 Bbn e 41 40 i 7T BB 4 B2, 3E N B4
BN EOARBENREA G EREE—-BN T L. B, RITTHEE 24 B 85 4 ik 44 4
ERAT RZ MRS TR I

8.2 HLTREA

R — A BB B — R R, XA B A AL H A P B R K R — N ML
K/PFL TR . K F %42 (variable grouping) R ML TEREF RS . X RITEB AN
2R bk 5 3
8.2.1 TRHEH

ARGR 08— A2 B B B — R B I A B € B F (word) BRI AR . A
R R UARFRB RN ERMAE) . FRITEMNTS KR A A0 BIFF6E 28
A F (word) DL (bit) Fo
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A chewrian B

variable A c bt weckan Sdowerad) ;
varialila B bl wecian 15 dowsto O ;

+ ek 11 doemio 9} ;
varphia 0 ;DL wechon 11 dowario )

ay BN by L3R R — R

1972 B b ok B
_I'
i
T 1A 5
Eff T e g 2k kil N ol
o H— P EAES A di #— i EEf = AL

Fls1 fmioan)
4L 0E A R L P AR A AT IR R AT R TEAE RN AT AR A 2
BT ERE RS, . S 1a FAEREULSABRED —T 8 M EATFHS L RE
Ib BT, 4 b A FEE B0 LT L6 2 AT R
UL (R AR B T R A B, iRl o . AT 2 AR AR C,
I & gk S8 T — TGl 8l bk, TG 4 Br 1]k ol 8 3 R 8 44 T —-Ha bk, 20 8] B-1b firor.
T — 12 e TER DOl o (R T — - e hE L T 6 GrakRh RS E T — -
HE, SR TETER A R O L AT RS RS ) S Rk e HEWRERT S TR
SRS A R S b BB B B . T Bl R B — b A
BB TR e ke B I e R R S L ] 81 B

B.2.2 Tridhirees

il W o e TN 14 1 TR B okt v Y VB SO o R

TRl a il p A B A . T E il B A BT B A
sy — S Ech gt or 30 T O TE— B R A TR [ i

TR TR, b pr R A EE. BT —EL v kT AR ZHTM
T W MEN TRV BSMRE MEM U HERE 30 e, B iraat al v e
| 74T 5 O M 3 R 2 AT B0

I TS T TR T RIS R R R R AT TR T Ak A H
At T AR b T . AL B F— R R V63 dorene ), R LT
MENM 9 100 2] 163 #ull, FATTEEFH AV Fyd | Flram e 805 B i
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BHE, MR ER v BRE&E ST BERT B, X E 85 BT L 3 #i Rh
X MEM W5, X#E, V(0O)sk&# 8 MEM(100),T V(36)8 & MEM(136).

HX MR ZBARES B TRMBERRSIN, BA AN TFHRATRE - TEHN
VIS a8 bl ) — MRS BB E R AR, B0, — M4’ V,H K T Y
51, 0 8-2a PR, BF V HLECE MEM F 100 FFE R aE, B84 V() B
i MEM(J +100), 11 V(K)#E# K MEM(K +100), & 8-2b Fi/R o

variable J, K : int 0; variable J, K : i variable J : integer :=
vanablg v: lntAn?yezsa downto 0); vanabl: MEM : my (255downb o) mab'.g ij< mte? s 100
xm‘f(;s) MFM(KE;I’OO) . =3 variable MEM : mAnay (255 downto 0);
Vi =X MEM(J+100)-X. ?:‘EM&W%Q) =3
&gu'ﬂo'%ﬁb?u) f("S"UM SUM%EM(J 100); R:M(‘”

= + H + + Jint 1
end loop; end loop; SUG :gg‘altJoM iaMk,th‘A)(J):

end loop;
a) JRhHHR b) VI A RSIRERXMA o) EFRIIRRIEMHL
i RS M HR

B 8-2 FiEfibuti#k

B, IR HRRT | — N, A, o7 AE S0 bk 2 8 #1738 S0 R 1k
Fedt B mE B B TAE, Blan, 76/ 8-2a 1, R & J RADRRFIMALE V, K 8-2¢ YN
MBS IR T (BAETE for-loop TE3F ) RIMERM TRIMRH BT E, R, RER J
FIREF A, AT RN EEAEEM. EXMELT, BRATATLHE—EAH /T BT 0 H#
HEFF 86 O FF 8 DR R, AT 2 /D80 — IR AF A i B B S i LA

8.3 BB

FE—NRERRT I RT B AMREGEEE EREFEEWHTER. ATH
NEBRARAM, REF HEE S ER, A— TP EEHR - TR L, RN EL
(bus)o —FHRBLME —HELR, LRHHFE LR RAEXLEL FER - BLHULH
Mo HBALEEA R AR R AR TR h & o s, FEARTTRATEIHERE O 401
BT, AWFRTH BIE—EHEITATH—1 BRI —THE.

8.3.1 EiEMBLHIRIE

St FAEAATHE , #8 R A — 4 £ (master) 1724 R & M BHR 5, FH B DMK (slave) 1T
Hoxt TR EEEEEME RN, R 7 8E T EE R % (SO BEE , WEE AR
FIAE (EE), EEEEEAMN, XERENR - MTAEXNH M Rhh RN ZEERR
BEENES , RREENEG 0 MR GRS M EE,

EiEH 4 NSECREIE. WHEXESEEM LS 7 F, #1883 K> (channel data
size) bits(C)FnBiLEE C FHRNENEBRME. FIRA/MIFER T HhEE TR A
AR B T T Ho ik 37 . 35 19) 3 (number of accesses) access(P,C)ERITH P EHEWH
PE A T C BRI L, 8 39 i & (channel average rate) avgrate (C) il i#iE
CHITEMGENITNERE GBI NHTRBE XN P ESRE, &84 4% F (channel peak
rate) peakrate(C)RH/NMHEFEEE C HEEMBER,
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BAFLAAfMAEREBRERNEBEKRRTH 4 ~SHORERME. & LT (buswidth)
buswidth (B) 848 B FRBIEKRE B AT N EIM M Sl X BRI TEH. BREK
A — MR B, EIGE X T — R IERE LB UR A X S PR LR E e, i et
3¢ (protocol delay) protdelay(B)RTE R E# T — K BERAMA T S ERE, 9%
4 i% % (average bus rate) avgrate( B)TERAHIBA G RMA, BIBE LK L TEHEEE,
% %9418 1% & (peak bus rate) peakrate (B)RFHEE T B L HRKIEHER, BRI E R
MBRRZEAWTRER:

peakrate(B) = %%—2};?;‘% (8-1)
8.3.2 [EIBHIEX

o5 — S S (5, B O AL E SE B Sl T I SR AP . B O ARALE F i
B F G BERIES) . &%, BREEIB/NBRET buswidth (B) R B/IMLRG LM
A AN ERAS . HR, BEIRE LSRN EEER peakrate (B) FF KL L
L HLESTERE, AT I B LM TR buswidth(B) o

BEO4EERMES: REERMBIER. AE—HAR, EXLRPHELLNR
BB T BLEE A, YRR TEERET, BaUE RGEBOF BA BUGEfF UL, i?"f?j}l)(ﬁ
KREMBERTE B E e . BRATE 23118 B A BRI ME R

8.3.3 BEREM
A5 o, RATHAN B L — 4LEE M B PR E BRI T .
7E[FKCD93 1 "H /M8 7 —Fh i BB MR SRR B o, TEX R O B P, BT B 4 B e — i
S T E A AR B BN e FEXFRM ST , 38 8 AR B 5 AT & IR0, BN R RTT
47 o 22 8138 {5 BB , 4470 L E 4 o 0 B A R AR A A B I R SRR . BRI, B E
TE ZH B R 5 4 A58 T R/ DA R R BR R TR SE B
BEY 4 R

fTh P

16,
awo | 1 \Vl WEZ| f5n s

P83 SURIEGMLR, EADREE T AT R EE AR R R/ NEE T A I TR

FEE R T TR SR R TR AR, 7 B Rl I Y B
B ARELERE . B, RRIEE W TR T HEEE R R/ NOH S . XFEOLIER 8-3 itk
FTRR. 75 P.Q.R.S EihilE X.Y.Z #TEfE. @il X.Y.Z ERGEMI W RO EH
RIAME—E, 3F B — MR B 358, =NEEET BE S ISR =R R K/ IEE, B
53R 8 3716 RLF0 12 . AP FTH P HATH R EBEdRMAHE 78 Q WREMATH S fod
Ea. XA —BE R R A BT TE NG FE I B BATFEFRA XA,

1. AR E Kk %

IERATRZ BFASEE, X FY, 25654 8 {1 F 16 A8, A 8-4 fim, BMHEE
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o f e B . b AR, BB E Firm e 4 i EaE rivhER
TEarT R Pl X A Y PSR RFRNGE . FTEES], S X Ay BN E
BEAP R 4 G AR 12 AR, ATR X MY G A8 E T PALHEMEREES
dekE 16 A EEAEREEMN T REEER TR, S ESENT TSRO ST
B E#ET TR NETFHILELENERBIE ., FE =1 B 2T v iEs
EEBEEE Y2 MIEEFLE 4 ETR =15 Bt SR TS, R A T AR
(13 BT -l ) e TR e 0 T = e T T < T 1= B 2 S - T A B S o R B
il FE N R AT i

e

i

13RI
= {ir/ ¥

LR RS
—l=

(R g R -
STY T

4 FHHE]
Bl R Hp-liE X oy HIirEiasl 8
TERHIRE 84 Bramny B eE B ETEE S prod s R i SE SR T A — - s, — SR
oA SR R, ST R e S B I e R SRR AT, IR A -1 I B 22
(G LD [ B S B S 6 T
M S A B E2 AT R ER TR T I TR R I A
Bk LR Y SERETREES. R ArEERA AR A8 BT RESR
aryrrate | H ST F R AE R AR L SR
argrate( H) = 3 agrate | C) (82)

e

SR R B A« (0 LA B B B T B R R F B2 T A R T R
{TREES. WA AR TR, B8 FAQRiEs o7 Mdn], LA LR L {1 BEaE
M. Eﬁ#'fﬁﬂi B Sl fr e (B A e T o L — R -

psrbratet H) = wugrate [ ) (&30
2. BLed datshp
TSNS — T, B T — B0 2 A i, TSR R S P i
(i e L 4 R A BT

debols gk A 8 TR T R B T Rl I A e L e o i R T (S
BT b B B SRR R b

i - ob B OETH ] BUE SRR AT BT A L F . SE—T
a3 T E AT E AT 5 R BT R £ 5 8T ] o B E BT S e AL
B ), 0 T O TR M A e 29 e AT 1 BEAS T iRl TR AT R R T

l114
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At AR AE LR TR R R T b B A ok L e 8T e,

TR T AT AR ) Gl o 0 o AR R BT TR R S S T e
Bl #An, B -5 PEEE X R TE RN (=0 R = 1) g a6 6
iH T R R e X E AT A T AR, mRERNEA—RE
S AN WRR el 2 R AT S G B (P e RS M. ATy
FEMEE 4 PR e T SRS, T AR B B R R AR 2 EHE R R
PATTI7 AR PR | TR B-Sa L IR TERS R ¢ =2 A o =3 WS NP X Bl
EEH B AR T L bn {0 AR RIS ETR A 0IE 8 5 Aron iy (88 R, ol A~ E M AR
f e B, 3T Ry B R N (S S A O, AW A

Peabrare | L) 2 pealirare (O] (e
(ERER IR TR A AR R AL b, T R GRS R s e

a AN D e KR

(3 ) e % # e -8 000

voans [T i reremear A

o ulzq.r;lk|ﬁ"l—H‘F."|"ﬂ‘
AL 1| R Ly A L ]

[ %Ig -;h ¥ LT
M e Sl sy, ) Wil X SRTRE, b TR EELT -
W B NRTERT, o) £ |6 U R E I (R ST AL B AT

3, mELEEREE -

Bl 1T P | L A B T A e o o o] LT ST, B LR AR T e BB
FIREE NG | BRI R R . AR ENS . BTl e
B8 SR A B 3 e T A b ARG 0 {5 T IR el sk e o [l I O 2
ST B R E S FR AR e, RS RS F SRR SRR e,
LR ol B o W 8. =l M R

By B A — TR THE T E T AR E R A R Ay I A RS

A SR E AT R i AR i TR A N — R TR AT

LT e g, O SR R i . TR, MR il Bk e A R R
FodE AT A A BT e BT i R A A e T R P Y e Rkl
fik Gl T M 7 (Rl i) B2

BER L W RO A S T A A — R SR EdaE L RO R A Y
MRk REE, WEAH B g e e

EEER A AL F UTEEAY B, AR I Lk e R
M A, TGS — R A H SR BT, o B2 R A 53 =K LAk
REE S T T F 2L BT E L bRt B SRR R R — AT LR
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B, XXATITHRELLH, B8N — AR BLE, RMNENPEE—-MRO R/
B, RV AR, REFPALERRT, XX TR B E %
BEFERBENEE 8317, A AEEEESTRENAARLE. BKE
BRI marwidth BEEE LEBHBRKEBHKRD. B/NRERE minwidth L 1.
Wik 8.3. 1: HERFEER ‘

if no constraints specified then
return(1)

end if

/* HEBRTHTERE * /

minwidth =1

maxwidth = Max(bits(C))

mincost =
mincostwidth = ©©
for currwidth in minwidth to marwidth loop

/% T E BRI EERE « /
peakrate(B) = currwidth < protdelay(B)

7/ * X currwidth HEEEEHERZ M x /
avgratesum =0;
for all channels C & B loop

access(P,C) X bits(C)
comptime(P) + commtime(P)

avgratesum = avgratesum + avgrate(C);

avgrate(C) =

end loop

if( peakrate( B) > augratesum ) then
/AR, TR/ » /
currcost = ComputeCost( currwidth )
if( currcost < mincost ) then
mincost = currcost
mincostwidth = currwidth
end if
end if

end loop

if( mincost = )

then return( failure)

else return( mincostwidth )
end if

AR currwidth ER YW EEBBEMA I HBKR. X T8N E (minwidth,
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maxwidth JIEENE currwidth {8, BEEEEFRANAR 81 HE,
EEEEFHEBHN T ECEES TEHTTNE. IWEER,RZITH P RE—1

W C ARMRIR. SRR ALk mRaTR( o0 e
F e R —MHBHIEE, 178 P s EnE T LEd AN E
commtime (P) = access(P,C) X ( l— _bits(C)_ _’ X protdelay(B)) (8-5)

currwidth

LR commtime (PYHE, i AAAR 7-18 RAGB G B4 2 S L& 8HEH K
320 FHIEFE, WF currwidth FWENFEEME, BIE TV EER BARFE avgratesum ¥,
AR SR EIH S, F] peakrate (B) RN, LT B V¥ 3 M SME/N, BA cur-
rwidth ERE—NAAITHBRELEIR ., FRAE (minwidth , mazwidth ) PHEBS —NEK K B
KRR, T E BRI R, D SGEEEEN S,
IR SRS EREE LR NEEERZ KR, A currwidth RAR—PDAIITH BLEH,
Xt FARAI A SR HLE B B FE 8 B F B A H R  AR, ComputeCost BT AT E
LB - B AR S RAE T I _E— DR ERAE WA E, AR A X
BN ERA, Pl B ERE—TARERRE SR RERNBRKRKMEN mazwires,
Bt b RAAXANARMHRNE . SHEMBRTEE currwideh , B BEE LR -
cost = (k X (currwidth — mazwires))?  currwidth > maxwires
0 | HAt
EAIE AR AR R RSB R E SRR WARM . Flmn, mnRZRMNFBELHAED
BEMEXRZW, PARMRE cwrrwidth .
WRHEBEAA BT, REFERANBREMBLRTERLHAEL, B 8.3.1 PHER
mincost TR PR AT LB B/ MU, TR B mincostwidth WIZRZRXT N T R/MUM BB R
MRERETHENSKREEHRBAERATITH, FALAXHEEREATITN, X4
WA BT T —Fp LB ER S Z Bt BOE T BR B EAT AW, XREL 4T LHRIEE
321 FEHFERBEPEEEHE—E, A-FRERIINFE, —FFRRT RS XHEE

ol TR AR BRI, B —H R MR AR R RN

comptime(P)
(clocks)

(8-6)

EBHEC iTH P Vil g bits(C) access(P,C)

16 data + 7addr
chl P1 Vi N 128 515
=231

16 data+ 7 addr
ch2 P2 V2 . 128 129
=231

Bl 8-6 JEFEFE i 2R PR-E E K B K/ B E VIR R B ]

4. REELEERN—ANHTF

RATA— BB IS A PR SR LA B . EHBEER A, AT M
5 6] PR AR B R B, A 0 U 2 AL SR 4 ) = IR B 4R . RERI S 4T o AR 2R B Bt
BB AR REAG S, XERERNHAFZ B E T IILFBE, BEEHFOP TR
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P1# P2 43 5@ @G EE chl F1 ch2 VRN EALE VI A V2, XA M EERS T
—RA—& B B LW, & 8-6 5 it iR BEIE 483X P01 i A 8 AL TR ) A B E
WHIEKE AR, FTA S AT R RIS 1S W R A s S R . ERNTBE AT LA
BRREEABERRBEEHAHABMEENERARNREET . BRIZAKRLAME AL
W ch2 BB/ MEREZRED 10 bits/clock(A7 /AR , HAHXHE £ 10,

BHE, RIMTAECERBHSKRTENEE . chl Fl ch2 EEViR 128 F (7 NHAEAL) B
BATE S FHKER 16 (i, X, EE#EELWEM—KRERTERNR RV E
23, BREFEENRKTEERE: '

minwidth =1 M mazxwidth =23

AT currwidth = 18 THE MK FMBEHENEE, RERATZEEFHICREREL, W
BARE B P FE R 2 a5k A, BY protdelay(B) =2 clocks . B 8-1,F7:

peakrate(B) =18+ (2) =9 bits/clock
FIRESYF currwidth =18 bits, ch1 I ch2 HFHEEEH 7-18 #HITHE .

avgrate(chl) = (128 x23) ~[515+ (128 x r%—gAl X 2)]=2.86 bits/clock

avgrate(ch2) = (128 x23) +[129 + (128 X l— %S;‘I X 2)]1=4.59 bits/clock

HFRHAN BB FYERZ FM/NT peakrate(B),18 N BEFER—NAITHEB,
WATIRIE R B XA ML TR . B T EAEEFEIER — 10 bits/clock K&
INATTR, HAE D 10, T B2k ) W (B 3 21 € 4 9 bits/clock, BT LA
cost = (10% (10 —9))%2=100
3t<1,23>EEN SR ENHABEERER LEOTHE, B E— ST Bt
R, W 8-7 FTR . BIEXAE, B/MRRM R 0, M BRRER 20, ZEARERKH
KL AL EEIE ch1 M ch2 BB,

9000.0 |
8000.0 |
7000.0
6000.0 |
5000.0

4 4000.0

30000 [ RATATH ABMBRR
20000 b X2

o000 [ AR mew. 4
00 [ TR

—1000A00l0 40 80 - 120 160 200 240
BRE

B 87 BEHRHR: RASBARENXR

7 8-8 Bm - E B B EBERRITT R P1 AN P2 BT RER G 45 i G 4R BE BT
B . WEANBE R, BRA— A 2R KT R PITR Al RIS, BEE BERR

BRI, A7 RO BATRT R . A X AT R IOHERBASR, B BT A — M B RE

SR MR, Biln, BT P2 A —1 2500 i 4 A 1 o B oK SRAT B[R] 29 3R, an & 8-8



176 £8%

BTN MIXFZELS P2 HMKRHZ A, RAITT LB HEEE : RA KT 4 bits/clock I EHL T

[325] AREZBARLALL

7000.0
6000.0 +

50000
§ 40000
§ 30000 |
20000 |
10000
00

00 40 8.0 120 160 200 240
BRE

8-8 WMEIEHE: PUTHIEIS BAREHXR

8.3.4 1MNAER

—HRIEETAEMNBRTEERLIE B A, hiUER TR R E & SGEIT SR
BEwmLE . —RELKBTBE 4K,

WiRsk: FE S B AMEEE. BUELHEE (BARRE) Wl ST EE Bk
B, B Bt ERE,

% FRRSEL RRHTEERIT N, BHKRNRREBRTRAITEE T AL
REHBE . Bl mENEBFHUFTERNEHIES, START fi DONE, 5
START H 47BN /AL, DONE th i TEEMMNITHRHEL /R, HHRETA st
BIF— &K EBRHEEILER,

RELESENE  AREMAME R SRC R — R EEERAL DL EREIE, A TERL
BHIESRTE EEILE K, X4 & (identification, ID)RFEAFR W EEMETHT N
A 28HEBE FHEHGEESNHEEENN. BAPHEMEEHET—¥— ID,
FXAEE AL, BIK AT AEN SRR KRS, RS ENLEE R ID B3 S
B ID £ b, NITTARIE R XF R M AT R A SRS S wa i, 1D L] DL #4miS 2)5d
i SRR SR . EXFEL T, MT LI — M b R ALH , AR AR
Rk, B E R E M 17 A KX B BK EEHIE SR,

A E T — R BB B FOR LA M IUAE B, W0 HE 8-9 Fiin . AR X FIMEM BATH P Al
Qilal, BERERRGITAMERIRGHEFM B, EH CHO.CH1.CH2 &k CH3 #%
I EL B, MBS RECLEHREN 8 i1, hUERGIEMTILE:

1) hSGERE: AEH— N BRI LLEFELSFEF I, MELBFHI FEF L
FEMARO, BMPUEEARBERNERZ. X TE 89 FHEL B, iZFTRLETH
W, AFAERES START #DONE REBEBF L,

2) ID S B R N MEEISHER - BK L, MNEE log2(N)FLEXTHEE ID #1T
i, BRAEBEESE—TH—K ID, F8IFH 4 ZBHFE 2/ IDL. CHOH ID £
00,CH1 9 ID £ 01, LA HE,

3) BRI EEN N BT E NS (BEE 26 & ID L) BRE#HRB T E LK,
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e Y e hl
i ] ]
i behavior P CHO A H

.a'"ab e 1
i beg:n" CHI : bit_vector{15 downto 0)
! Xe=32; e |
: MEM(AD) = X+ 7; ' o
Lot i f

1

1 ] 1
| - i | variable MEM ; bit_vector
i mooum; ! CH3 \ } 1| (63 downto 0, 15 downto 0)
{ | begin v vV | i
|| MEM(E0):= COUNT; ! LU S s one— J
1| end?” i
] 1

____________________

B89 frAEdAHRELMEERER

type HandShakeBus is record
S[;I‘ A!;Hn‘l; DONE bit oo 0)
DATA : vector(?dowmo
record ; bR o:

signal B : HandShakeBus ;

Eroqedure ReceiveCHO( rxdata : out bit_vector) is

Jin 1102 loop

wait until (B.START ='1') and (B.ID = *00");
m BJ—1 dmvms'(.l-ﬂ)aamm
walt until .START '0);

Donsg-o'; il

end

B 8-10 XKL B LAKEE CHO By &AM Hr

S FBETFI L G AEE, BEARE YN R EMBEGER, RN SR NER L B
8% ID &M — RIREREUBITEIEE S, B 8-10 BRlix—& S L 8KRMAEH, EF
Wi%%’%ﬂ%%ﬂﬁ%’z D4, B BHEWNLRER(E VHDL #RE—MES) , XA

FFHRNEATLLHRIE ., 478 PELEECHO M— 16 fER X BA, ATFHREERA 8
f_L B 8-10 b #i@ 8 CHO 318 SendCHO Fl ReceiveCHO i@ i BREXE N 16 LLB‘J?FIJ 2,
A E , BIKfL% 8 iz,

4) ESTREIA: MR- NTRERZMSIEIMA S - RELHHF L, BRI
XA BT EES | AR L HE R . AR R SR Eh Z BB R, &%
VR R F AR R EE, Fln, EE 89 F . TR PEERNX BT —ME 32"
CHO B ER X BAKEE., Bh1“X< = 32" B i & %3 78 F “sendCHO(32)”, 10
& 8-11 FiR. 175 Q FHIEA] “nem(60) : = count” HL P H# A “sendch3 (60, count)”, 5B
COUNT HER %S BIBE MEM 3Bk 60 4t

5) HTRMERBE N TIRBTHEBNREHR, 8 48 & Uyl #E B AR R —
A BTN o HAT WIS S E MBI R AR R A, LA BLE B 2R X SR B 1 R
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R, EE 89, ER X MIMEM S EBIA R RGAN L, iIngLefin . 78 8-11 4,
1R Xproc F1 MEMproc %[ 1 AX PR AE

process Xproc
process ab’; AD Xtomp: bevarlabl o X;
variable 1 in
BB SVt on BID:
..... if (B.|D= 00*) then
SendCHO(32) receiveCHO(X);
elsif (B.1D="01") then
RecelveCH1 (thrnp) sendCH1(X);
SendCH2(AD, Xtemp+7); end if;
cssee end;
end ;
process MEMproc
l MEM: array(0 to 63);
in
process Q on B.ID;
variable COUNT; H(B ID- 10° !Ihen
begin (3 MEM);
..... elsrl(BIDa 11 then
SendCH3(60, COUNT);
..... end if;
end ; end;

B 8-11 A sUE R afetlig

AN BRI A LSS B5E, AR HNR R AT, T B RO THRETESRRA T
BEAGEE MUS R ATRAUERY o FUK, Ead X AR % F e oo 72 18 PR i B8R e i i 45, BP
RANTTEAT A E MRS S LEB AR KMBIRR, AT AR R AR E W T AR, &
J& , BMETEfE R Bk T 5 — MEEHE, AR BLEY AR BRI ERTELE. R

[329] 4eA7 it , BIFE KX MFYCIRKAR , HIHE B

8.4 MR

YR G HHANRE 1T IR E FE PR R — N BTRE ER ia R A VIR . fIn, R
G AR AEEL R AR R, SHE-ENERUFSHEMTRIFED
. RLHM—AABHFHESNR OB R ITRTEND R RRRAEEE. K
ol B L S A BE— &, A — R BB B S EE 15 AT O & sk [R]
HATHHE S, AT B B TES

4% #. (arbitration) AR F EMTHF R IR — M HEREMSBA R FHE
BE—NEUES AT YRR PR ERFER 6, Efﬁﬁ*ﬁAﬁ‘ﬁm%ﬂo

8.4.1 {hIMmE

BB R HA S MRRO, XHEREBMH R, XFFEERN— LIRS
FhESE, CAEERBHNM O, XXM EETH & Ui R T AR T ViRm0 5,
WATVREM A H IR, BERAFEMRER . S AR, XEHLUTH
X —A™ 2 3% O FEAE a8 HEAT U 18] 49 1) Xof 5 2B A8 i LA 1568 , N 8-12 B o

TE# A& 4% . (static arbitration) R, — MT A KRB A RBFHESHFERD . &
B 8-12a 5,158 P it port2 Vi RIFEAERE Mem , 4T Q MR M porel V5 R FE 1A%
Mem ., PHRIBIEEE R O MBS RBSH, HERENERER S, - MTABREL SRS
TR ORISR, EXFERT, RA B F— 5O MHRZIRA AR, FHit, M&HE
3R 2% MemArbiter FfBRITH Q FIR X port1 WIV5IA] SR, BRBSHBERLIFEH,

BRI EESBURE ML, B THORERHSHTH, RATREFE-MMIAEERHEI LS
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B AT B At 2

bt/ B
ﬁﬁ.ﬁt/ziﬁ
AR IT S e #ﬁ{Jz
K, TRk, FHBMEM
£z LB
il THRQ fTAR
a) Hi&
i/ B
5 bt/ PR
[ RBIRE PTICEE
c K, ; K, 3 K, FAEBMEM
AL | BR AL
7 HP THQ AR
b) Bh&

P 8-12 fh#EEAY

1E 3h A 4% . (dynamic arbitration) B 17 AT LLFEAS [R] @ st (] 3 Ta) AN [6) g o 1, BBGRR T
BORER A, 72 8-12b 1, i = M7 N EE LM G E BB FiasmE .
28 MemArbiter FRHITEAEATE %) 5 2 HAEH BT R IUTRIFERESY MEM . SRR F 2L
2 B T & O R R, I R B [ P 38 T M B TR I T o SR, BhAS P T B
BRI, R MemArbiter B T SEBHENMT B VT RITEAE R LASh R SRR B =4
172 BB He B B D FEii 488 3 1
8.4.2 {hEAR

B RR , AT AU BB B L VR R IUY . STk T B S — A
PR TR A B T T AT 2 ) P MR A4, LAtk T RE G 5 ) pleis AR &R S 8 o]
LLA R B E A e sh A IR e . FRATF 2 iR

1. BERAELR

B 74k 4.4 (fixed — priority) 7 & W EMT A —MEERK. 17 E AR
SRAE A B GE f B S A o W BT o L R U R — A SRR B TR W)
AASEEROIT B TR R, SR AER I RUEWREEL &HARK, IR
BT R IEFEVTIR — AL YRR, Wi — > SRR AT A B i AR A TE7E A L B B
B AT h k0 U FE 1 6] RS 1 [ 45 B A SR R AT o — R RSB R MBI T 3R Intel
8237 HJ DMA I 88, BB I RGBSR BRI S R B R

WA MBI E FE AR BOR TEE 2y ki, K- EEEFHFH
B 18], F6 7 AT AATAT oA 2 e o L35 W00 1 U5 [ T 3 A0S S8 L, — MIROP 39 1R B R0 AT
RO I 2 W 0 s AR AR

BB AT R IR SRR S RERLIZ LA R/ IMEF 2 Rt ) Oy H Aro Xt F— M7 R FEE L%
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KAy B, T3 RETE) R BB E I X R TR M s S s E . A T B SHHEST Lk
R F R EEE AN E ST ERRIEM .. —MERMEIT AU IES K,
40 , AR IFEAT A L T — AR R K B R A X MT SR T — MR
332 GBSk, LA e BUE AR A, HAAT KAt AR Tkl o B EEdE . 55— AN

S i E) ) B B BT A T IE E IR A9 37 191 38 & (frequency of accesses) o 1724 Y17 8) 4 3¢
AR, IR SE BN T '

EHET LR A, R & 7T LUME R — R AR , 1 n] RURE 22 R AR dE R inA
HEo

2. HAEREA

3 A4k % & (dynamic-priority ) i RTE R F B 1T WAHERIE RGER ST EIT AWML ER,
Bi4N , 4% BR4E 2 (round-robin) 5 S 44 B Vi Bl AL E B R AT AR T BRI ek, ek 2R
% (first-come-first-served) 77 RAREAT Ky U7 [ 73R i B IUF TR EAT AW SR . XR TR
S BT IR BAGA R IR — N . FFLA, shZA P 0B MO0, #e 4]
WU, — MT ALK T IRE X ILE IR 5 17 T PR % 1%

8.4.3 (hEREAR
R T TR, BE LR 7 8 BE R R 4T 2 % SV U A 7 S
KT STBIN R A O R, T A B — A PR | R AR AW L B PR
BT LR B T I IR R DR SR AR S A R
(5 LBV IRAG (R BRI ER B — I ST 1T K2R , KA BT B 47 1) R YR 47
MESRIERAG . NP BUCHEEE VR A SRR, LU A AT SRR 2 R T
Bl — A EERRENT YR ETE S HRES Reg MRS MR, MREHE
33 i R LTS I M 9 Grant (55 , A RS RT H T,
ik 8. 4.1 PR

/% EAT AP AERMERES * /

for each behavior B; which accesses resource K loop

Precede all accesses of R in B; by the following:
Reg_i <="1";
wait until (Grant _i =’1");

Append the following after all accesses of R in B;:

Req_i <="0";
end loop
I EFPBIT R/

Add the following to head of the arbiter behavior:

wait untill Req_ 1 or Req_2 or .. or Req _N;j
while priority _list% ¢ loop

B, = First( priority _list)

priority _list = Tail( priority _list)

Append the following to the arbiter process:

if (Reg_k =’1") then
Grant _k <="1";
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wait until (Req_k =’0");

Grant _k <="0";
end if;

end for

¥k 8.4 1[RVNGR AR T — M aE R R BPRA&TH VHDL fiiid. BRASE 1
PRI R W7 R BIEMT RN LR VIR ARIFTE priority _list 1o 3% First(L)
R EF) R L AE—I0E, miad 8 Tail(L)REMERT L ME—-1TIXREEHIER,

TEE 8-11 BR T P MIQ WIMRIBAM, P M Q @i B4 B i, SR FEE
FMPMUAE 8.3 T BT . RIRITH P IES 0L B FafiE ekt Q Ko NEE B AR
WP IR BT N B-arbiter WM 8-13 iR, & HHIERX EKX RN ETFFESRECLEAZ
EHFHPMQHPT . YiTHh P MQ FEE T BREHEIERE, B3 HEEW S Req _
P FMlReq _Q KGRI ML, 17H B _arbiter #BiIWF Grant _ P ¥ R&K VIR T P

Q RATE P AR 3K V7 [R] S.2 A b A B A5 51 D (A1 E 2R B BEAR o

Req_ Q
Grant_Q * 'Grant P

roc&ssBarbtter

wavt untit (Rec;_P— 1) or (Req_ Q="17);
wait uniti (Req_P o)
Grant_P="0"

elsit (Req_Q 1')men
Grant_Q <="1";
wait until (Req_Q ="0%;
Grant_Q <=0

end if;
end process;

proc BB process Xproc
vanable AD Xtemp; be ;anab{e X;
9"’ vc?(ne %—Bo'g *) th
Req P < . en
wa?t_unm (Gram P="1)" 1 r?eréelvecH()(x)m
SendCHO(32) ; : Elssénd'g;n%()) en
Req P «<="0"; ! enaer
end process ; | end process;
i
process G : process MEM
vaniable COUNT; L vanable MEM: aray(0 1o 63);
..... oy
Req Q<=1 ]
wait untit (Grant a="1%| 11 A48 if(B |o- 1% 2{ gl:ﬂnEM)
SendCH3(60 COUNT); i dsﬂre(cBe{‘ll')e: e ()m
Req O <='07 P receiveCHAMEM);
end process: ! E endepnrgc'fe:ss;
i l
i
13

B 8-13 NEL B AERMRIT NG RALEA

8.5 HUAFREED

REIRT AR RESIE A — M E — AR e B R Rt L. BRATRES
BB BIARHEAEAE 28 P AT R T RE SRS BIARUEL H BAL RS B4 PT RE R B R i
HERLR MY o SXSEARAELLLF 05 | RIS H R 1 DA SUR I8 8 1), R RE R . fE RGLALIFZIH]

3 AR R B I BGE R T A7 8, (R A AR EREE

T RN T REX R0 BRI R RORUR , ATRBE 8-14a HEEE X, A FIB
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8.5.1 [EEBEIEM

HoiEdth &2 (0% M T EE S E T s i Bl f S w17 s —
Ak 1AL OGRS R AT Hbn R 2 G B s T B B R R
Fel 1 A T . SR T SR — B R B— T L. BT — T
B — {55 16 fr8R 5 R T - BRR e 8 8, G rr RN A — T
PHETE 16 AoBrag BRES S s R R TSR S — Tt EoERYRERE TR
Lo Lk b el T | ok = [
8.5.7 EfEtHEEE

BT S ol O 1 o = Ed o A ] G B

R g AR ISR hE (1) A SRR R (2 A
S R SRR SRR — I () R A SR BRI s 14) AR MR TR (5 R —TE
FE R, (GRS R T R a0 R

385 A A0S A T — ey el i e PR AT . TR B-15 195 #
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Ha-17 EHERS

REEE R 4 {uFe sk  MAT P 16 bR EE 1e frE e 1 fudcdlek. L P AT
B A Var M Dta Ve FUEVTL P, O (dd B B0 B Mew Vi BT 81T 20 07 R B30 L5 47
o2 St R 0 FH X A | ol i A SR Y R R RN, B R P e ] Ay
Var 31 17 16 et bE B AT e M — 5T, =74 A A Har{rasmE, hreETid
LI S LB E T e B _

B & 15k BoR TRm il e e Rl sl ar et i ik A fnH. AR SRRt
L A e B T el P R S LT e U S P S e 1 R e |
BB, TS ST S O E =R VA DR, R H- 150 e
WEE Ak ADDR, R R L ARDY, . e [ fad & o] LU EE R AT 489
St P ERLETR A A2 0 A3 2T 10 ne PUTHAE, HCAL A BRI R SR A BT SESE
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(timing art) ¥ FR MR B EHZ B BT R, BIEPREVERE S SR 3 &
HiT S L S R AR B BT AR 1 — B, T E AR S | A Sr SCREAR, BT T B Mo RS K
T8, R, BT REEHVUPEERIEARS, BT LSRR RMR™E,

B A B (timing diagram) PSR T2 S = S0 8 F . 7EE 8-15¢ 1, B8
THH A F1 B FihisOW et i B . P A s D ERTER T B PR — DX R EE .
Bt B A S B A RSB, AT AHERST HE SRR . R 7R A A SR A IR (R 2 Rl AT Sk ok
B I . BN, ZE MY PR B, ik #iR T DREQ, TEMI A ARCV, 13 EI{H
“VZIEABR. SR EE ] LAl P, Bt FEE BT R B , % RD, EFHAIDATA,
B Z B4 100ns BIATEE

B P B R B A 5 T SR R AR M X R, BN, RIFESXEAZE E
BRI AR, SR, B EEA LU LA S

B, BLZ EIETE S R RN SRR A L RIE . BmTE UL, ARETE E DRI
BOE RS B R TR A H B B0, 76 B 8-15b H, BRI P, PRSP R S B4 2L B Mem Var
P — NIt E, EMFRY RERRER R LR AT B HRIEREARH.
[l st i P P, A RE A 2R 495 L fth 35 40 A 9 3R — R HE A TR

ok, xS WA R R R EA e R B L EE E AR,
X SEETFES K. &, RANFERERZGEEEFH, TEZOEFE, R84
HM S HFE—A ., 1E[ Bor88 X} ik — S [a BT 1 idie , Forhad i B4 il o — 4
HEROHI B, G E N kB AT EBAR IO B R, (B B EE AR FIHATH
R E[MAPI3 8 1o 3 B B B (ETD) 25 VR B 7 1B 43 A JUJ2 TR Ak B 7 3 % B9 F B
TEB FE B BAEA] 2 IR 3, A0 0T LUK sh A Bt F 35 0 M 4604 @ WAL ETD 4 5% VHDL
R BT R R A AT R L .

B 8-15d SR T FA8 448 3% #5 5 (HDL) R BB WML 27 SE R B % A0 B I Ay A2
BOTTE VMR 5 G | X ARV 1S 8 X AN AE T 17 B % 28 B f) R 2 157 1) B B Y R0 O
7, LA K2 e JA KA 38 1 B2 A S5 A0 Z48 37 B ATk . Bl , 7B P, 9% ADDR, IR RH,
6 THHER AN R RBES T G587 HbE AddrVer FHBEABRAERT Y. BEZHB
Bt EE PR G B R AL E (W VHDL A E wait TEA)) o

H T HDL fIHMsUd i F 800 R 2 &1 B 3 5 B OO 4 BH LR,
A UMRMEER T LR 25 5 #0 F HDL RIS ER AT EFSMIE S RIER. H
W, BT LS R GE A — R, R SR 6 5, T R IE A RER BB IEFatE. 2
F HDL 9 P G R 19 3 5 5 22 X R R 0 B P A R ST HER IR H RS, T8 ISYN REE
[Nes87 19, #5455 M T ISPS] Bar81 18 N iR 9B A1, X Eehn 5 F FHLE & O il Al b
PR AE 2 8] B B I R AR
8.5.3 #HOHFBEM

FRATFRAE R B R A R T SRR BOR . B O R R A R AR I B 2 B HDL 38
PR, AN T H 2R MBI A R, WA R TE X R E BRI IBE . R D AR
HDL 3, BL R B B 11 3% 3 594 2615 B o

RATEEFE 8-15a 12 S B S B A LEOFTH A 1B KB B8 O R f9 4 AR
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P T PR B E R P, P, , 3 HDL #2876 8-15d F4H

1. ¥ EFTRAF £ 3

BOHEBRERNE P REGHMIERRAB—AEFRR. XA X TEEMEMT
B, — 2 XA HE 5 4 2R AR 2R AR, DA RO A BB R IR A . SRAFTTRER M AT HIZR
ERI—AFHEEM T URRE N F N E S E,

P 8-16a Bon T Afal MY P, # HDL #R PR BIXABEF X R, MR MREENRS
ATk & tF. B, B— BN Al XK, B8 BRANERM, M5O “ADDR,”
“ARDY,"Wfl. F—/ &M wait until(ARCV, = ‘1") RRFE MU AT ABATAE T8R4 2 Bl
DHAERZM. BoANREN A2 WXR, REITRE(ARCV, = ‘17)  EEFR iR
“ADDR,” Fi¥E 5 0 “DREQ,” WfH. BE ., B=rEN A3 WXER, & KM (DRDY, =
1), BrAsbR M BRI D “DATA, " R W BIERIE LR DataVar”,

2ol , AT AN 8-16b BRI MY PR KR, B— &R Bl KRR, B&F KN
(RD,="‘1"), % A& MAddrVar W1, MAddrVar TEH6H)2 M3 0 MADDR, BER I3t 1342
B, wait iR HLE B9 100ns B 2E RN 5 SRR AEM &4, BIL, XK B2 8 0 I & MF
(100ns) , FH:E M¥G 0 MDATA, B H,

Al [(tu
ADDRp <= AddrVar(? downto 0); AEDRp <= AddrVar(7 downto 0)
cn;l?ypm (AACV DYp<="1"]
Rr Oar A2 A.RCV
dREGH ZMUN‘"“S owrto8), w42 1 ADbRp < Addrvar(15 downto )
wait unul (D%E})g_p 1 A [(DgREQp <='1]
peavar = DA ata?/arc DATAp |

a) RAPHP MIXR

BT [(RDp="1
bt grrivﬂar(RDMpADg) - [ r\?ar MADDRp ]
wait for 100 B2 )I’
MDATAp <= MemVa.r(MMdNar) MDA Ap <= MemVar(MAddrVar) }
b) EBHWRP, KR
Y i’
Pa Pb

AL ® B1(i6) Gl
A2 (8)

o) HEAPBMX RS BKRA
B 8-16 KARMFIGH S

S RALIR S R R CP B Z R /0 XRRET —MEZ T, L
IR TR B . 72 8-16a FIE 8-16b 1, il fd A HDL K38, (H R ™) LA
ﬁ%«lk’kmdzﬂﬂ“ ERH#R , R RES A — 4R FRER
2. BXAX Rk
W H Y — AT R R E RN R, [ B — T AR R R/ N R T
AR O, Fln, 72/ 8-15a 1,478 A K% 16 (it , FETh B #IfF 16 AUt
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REAT R A REMHIEFIT R B BA A sk K/ NE—RE I, BIE A BB E X 8 fibht
FHEEBEX, M B —XKEEH 16 (th BATIE. K, 470 B M A K% NFME2E P BUE B
16 7 BRI, 51T HR A Brifs s K/ h—4

BRFHNPUNERZE , FEBXH NP R RHITEHB I —RIIWXRA, —
M4 RAR—HRRN—NEFFE, FRER M Z A BFTHRE L YR, QIEXR
TSR :— MU AL 56 R BT A BRI 5 55 — N R R B B R R BT A
HYBHE A/ ME S

& 8-16c Bon BN R RUTRI R AN, BB RINERSD, HESHE
BRI FRREF LR FEREE RN il PEIXFR Bl, A MADDR, A 16 (i 53E
it PIOERIIE, RBIER Al F1 A2 % 16 A8dE. XFE,F— M Gl SEEFEER ALLA2 Fl
Bl, HRBERLUIR— R RA X R OHF BB X R BRI TR ERN, REE A1LA2=
ARt Z )G, B1 A BEEBOX N 16 (i pghht . FTRATERRY G1 ¥, A1, A2 #£ B1 ZHi:

G1=(A1A2B1)

XRAMICEHEHEER A1 A2 Fl Bl WEEPITIRFEIAEDA

LIS I SRS AT , TR BT A TR R R A3 Fil B2 B R RH G2, H1TFX%E B2 HREr™
He i 16 PR, HBEE R A3 PRSI FFUE R R G2 W, X R B2 fEXRFR A3 ZHl:

G2=(B2A3)
3. AR
B REEHBEERAZ G, 50T A S DR ERE NGRS . EXRAPHEIR
FEHES Ve R A UM A R T BOBURF o # ERR ] AR S @ i e X R

R ENRER D, BTN E TR RS A e E EAMRMERBIRE

B 8-17 Xt 5 MR FHMLERIES H T HIR A ERAE . B0, 78— A$E il 0 S5 55—
NEMG, C, 78 DR P A B R HERERR X ERIES CM— I RE. mEFRX C,K
BT, TE3E O 2 P A EE A B8R AR | 08 B /E B 2 45 15 M ) B 45 1 28 R 15 3 1R,
18 DS B o 0 (8 2R g B o O R B D Bh R O A R Bp . RSO a3 11
BE(E 7R O HE AR 7R DA P 3 20 B 1o 3048 g 11 WA

TRk HDL %25 xHEERE
EaEE ALt wait until(Cp="1") Cp<="1’
P IR R AE Cp<='1" wait until(Cp="1")
R var<=Dp Dp<= TempVar
BEL A Dp<= var TempVar= Dp
4 7 B HiE wait for 100 ns wait for 100 ns

& 8-17 [ FIMRERIHEEELE
BHESRVEA S RLRAMER . N T T AHER B ERE IS I B3 O AR T, 5 B HRAE
o Fll 0101 FT— M IML IR EE , 0, TR FER — MM P SR — NMERABRIL EFEE, MR
[Fl—ANERUA 0,7E o JE T, MIBHIERRAE o) OXHERLE A7 DR . X T 55—
HIEAE o, RABOT BT, Bl X RA G A RFR Bl Ase HBHEE 8-16 PRI KXRHIE L,
ALURBER B, PIOISM(100 ns) 2GR FER A;PRIEREMF(DRDY _P="1"), R THHRIN
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PP EERAL AR AR R D B BB AR BIE L. BRIRE R DM
Dy, R/NBDEE TR INRE ORGSR AR D D3R a8E8ma D, i H
TE PN A 22 11 A B E (waic i88]) 8 A AN DR ISCAY B3 o 11k o) A B4R i 4 . BT A I O
I Dy Y5 ARG ET Do 0352 R T M D1 e e b B o 1, 1 B 2 B4 3 T R A s 11 (1)
e (Y A B S AT LAMNES . 7618 8- 18a W, 3511 MDATAp FIDATAp M R/INERR 16 1, i
MDATA,, BIEE S DATA, BEIRRABHE, X eeim DT A E#ER . Mo, mi 2R
TempVar2 F% LVHEFE o i g 11325 1158 A1 7R o] LARER o

8RR A P UM B E O . B RN RIS D C1 M C2, WREY
BRI CLBE-—EEE B, 80 C2 B X AME, W C1 A C2 AT LA HRE . B
0, e & 8- 18a o, UMY P, #1 P, fy¥ 36 11 DREQp FIRDp 7T LAE i HE . HERL Y55 77 FIK
(BT A7) T A OV AR B

KL P, FP, ARG 1 AR 0 8-18b Fim. BRI O MDATA, f1 DATA,,
¥l DREQ, FIRD,  #R L H1E%

Bk 8.5 1A D kR

7 REAPAERKE * /
R, = CreateRelations( P, )

R, = CreateRelations( I’ )

/*x B RBR T RRRH G >/
G = GroupRelations( R, , R,)

/x ST KRE G R AGERIE 7RI R I A XHBERAERIE ] » /
for each relation group G, € G loop
for each relation R; € G, loop
for each atomic operation o, € R; leop
AddDualStatement( IP, o)
~ end loop
end loop

end loop

CreateAndOptimizePorts( [P, P, P)

5. WAEAE o AR A R

Bk 8.5.1 BgE THDBRARMNER. SE PN HDL #3R, CreateRelations R
TN ERES . GroupRelations BES R, MR, R ARA, UESR G Ex. T
S Z 4 PR BRIGUT HES (98 A R 384, 1388 AddDualStatement ¥ IR 8-17 B € LB, 5
DAL X B B B I AR IP b, —BEOHBENIERALERZIE, CreateAndOp-
timizePorts BELAERIA B AHE O #E R 2 a4 B — 4% O , a0 ] BB AT AL

AT A B B AR I £ AR SRR LATEARAT o] R HDL 18 A 2278 /9 B8 S B SL 2 [4] 6
PO, BT R O AR AT 5 RGRR A IR — B AT, LUBETE R — H I REX &R
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B BISRMELALIFIE REMINRE . Z TR, B & RE D SCHF A [ B0 o ) 58 FY
PRSI T . BT R E BRI A SREZ B EANE, H2, h T RAEM
THOM HDL #5R , ASHeF 00 Z A i B/ M KB REZ9 3R, X B AR 58 B 45 T/,
56BN HE T AR B LR
8.5.4 WWFEBFHHMT E

X F A\ 21 o R b o AL A 22 1) B B DSR2 (R R ) L A = b 7 o

1. 8BRS

SE Tl B R 2 ) Y R 1 B R R O GR 8 U7 15 R [ BK8T, Bor88 ] HHiTiE ., ## 38
(transducer) & SN EHE P PR AU KRG 5B 8. AR IRAE OB FEENBA. Bl
TR AR IR AE AR AR
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Bk [RIB BT I I ERAE

. ——— Ro
Ri——]

Ao— Lo Al
y 1

a) FIFOMARF R M T

i
§i L‘aj_j QFRo
Rt R
0

% R L Al
1 3 l
“ggﬁJA £ R ey

dy HERE

¥ 8-19 MEFELE
[ 8-19b 5375 T B TH A Rl L AHSE IR F I, R Sk Fon nh SR F M Z M BA T
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YR, B MFEEREFAR, ST FEPRENES, 0 BT T RABE, S S
P ep et — N . S R 4 (B AR A e e P v A N B 2 (R RN 58 /N R R K
FIREELATR ., [ 8-19¢ Br A E 8-19b bt FE B Frfa s B4 . Bildn, XTetd P E s L K
A EFHFIT BEUTROBAS e R A R S s, A BbRiE LA I LY . BT L W5
—A EFHIE R Ri W EFIEfE SRR, TAESRAE PN Ri + 3 L A ii—4&IR&.

— HA R T EFE 5 R FAAS AR T BO SR B Ok e = A B R A LB AR B . F T
B e (48 45 R — AR R S BR, ZE B PR AR IE R BRAE . SRR T BRTRRAI =R AR
R PR LA R R B A RS R — R T A RS T, — R R T AR 2 B A
R EG, —MATFARE S ERRS S, SHEREEE—1 SR 8ifFds. LFAMT
BBk AS i it B RN 7 SR ST 2SR . B 8-19d B i i A& 8-19¢ BTas B4
B =AM L Ro A PIOE— S BEME. UEITHE S L 6. L KE—EF
VSRS B AR R A Ao AR, BIA Ri R EFHE, L K. XA, L # SR gifFas
TE AoRilL HERT B, XH—SI1RER, %S 1RSI BT WA S LIGRIMH L. &
J5 — 25 5 o7 FH B R A AL B A 8 A B A B SR R B B/ M '

7ER 8-19 B9 F b B4R i N B b it IR AR B . 0 TS RHEBE , BRENPA
B0 FEAE RS TSR, BRI EFRAHR R RN R 8 F
B B0 S S TN R R 5 S A IR S, B T A O 2 1] B R AR B
SRIE b AR R R R N TFA 3 AR LU R e B . B AR E S Y
S o o S P AT S O Sl T O e S B, E S AN NGE 2 5B B R, MR IE
T 75 2 B R A SRR 7 25 S S PF 2 IR, 060, 388 3 7 R B v 378 B S B0 7 LA W6 A/
R, BJa, X RT= A w s BR AT DAL

R AN EERRRES THAED b4 AIEHAN R FAR, HIK, 50
A R LR R T R B R B A O R — B R, W AR R K
LA TR — A R BR LR A 2 R B B SR RICED . BeAh, BT A R R
P& BEFVE BT 1% 2 RO B B — AL

2. Wildtie

WA R E R MTR, EEER AR S S UCEL, (5B 2 T LA TR RS
Wi DML A T ETELAM 91, Ake911HitiE, BEEFEOMNMHAET Verilog B
HRRRAHL R . B FARAENHFT XBUFE LS RIS REVLHER . ZITIETTRE
SRR IR ZHRA . PSR EERRE RS NEIEREAER, Bk, 5
FEA R SR A T R T W R SRR ST RO AN DL B

3. RGBS

7E[SBO2 ] 48 Hy — Fh Al F SIERA iR SR8 R 8 DR 31 7 5. SIERA
[SSBY1 5@ 3 R — MO & 34 1/0 M A bl (A AR R ) BRI, LI F SR TAE
B E/ME. PR R R A E N R ER, X RERITER AT, BRI
O S B — R IR IR b, T R B PR P SE ML TE i — s RGUELR, H
s AT E bR O E B M E X e A ELAE A, R € ATIE S IDL MR SOTIE

(high-level primitive) ik .
— AR O A — A R — N D R U}D(?E'%'Jﬁﬁﬁﬁﬁ/\f?ﬁ*ﬁ/\
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PR RS S AL HE O o HE D ISR TE P B 2k 2 6] e B ELHR , H48 - U D33 1Rl 8 5 3
WZ R T HIEHED

B 5T, AP X AR B R o A e 4 O R o R R 4 T I PR T 4 o O R 7 A
O flgR , LA R — 888 18 F LA SE B P P OB 2k 2 1R OB R o LUK, LR 3RS
PO ZE AR B, AR 2 TR U IO 38R 22 1] A0 SR o8 R RO Bty B A - B
BRo MOXASSF B AT SR A PR SE A8 , e B MR I IR 5

DR i ) EZ R FRRE BT E NF IRIR)Z 40777 9 S 4H A a0 o, B A 1/0 2 3
75 M E A4 R X a5 BAR B A e R . T E AR EM IDL 3 5 X & B KR
BT R . BB BA A R R R OO AT LR OB BT A R B s E W
PR IR B, XS BR AR B R NSRS B. ETBRNA — T RRERSGS
J& 9 D HOR BB S R AR B — AR L

8.6 AWM/ MEMHED

EATAT g it R AR A2 B AT B4R S Bt ] AR BE A SEBLRG o Jn SR FAT T e A 4k 4 SR,
1T R R B G R B E AL AR 48 2 4R s 55— 0 T, QR FRATT IR E A AE il AR 4 SR S BUAT ot
W, LA AR LR B AL A, A BB T, X e R n] AR il im , L AT A
W AR . R MR & B A A B L B R T B — DR — #KF 8 D
K SLBA RS Z R B R AR

A s DMA

Py
wE | B

ASIC ASIC 1/0

B 820 —FHEKEEMFRGEREMN

TFE 820 WAL, L R EMA B R4, HihB@ ik ama, XS 4 A ik
A SR, XERE T A E 4R B2 3 5 (bus master) , B4 /2 S48 M 3 (bus slave) .
B2k 35 AT AR SR A REUR G A N, a0 AL FRES BE A HI SR DMA il 8%, XS
H, B EMGERAEATREM N, R T iRk B e S AR LR B AR A M. AN SN RE
FERERSHN /O M. ST & FHE R i, IR TR e TiRE  BE T RE B B Fim e AT AR &
2R MR, BN, — RS Hb PRAE A O B SR SE B, ZE DAL BEEE B S A e 28 nh 3%
RIERER GG R, B—Irm, — AT RSN % S B B — RSB Sk o, B
FXRRE BTSRRI . EE, EFI U R EmEES - EL L
B, BATEE 1 S &40 8 B MR TfTRHER RE — N R Bomiahl M. KEHEL.
VMEbus 8:# Multibus, 82 K h IR &5 & T B MR T R, M5 — LKL A0 E L, W
PC/XT/AT %, #02 i AL FRES %F Bk i 5 R ERAT PR

BB BERN—NEBRAM, AT e AR, 0 8.3.3 WH TR, s E WAl LA
SR R IR AR 4 hik R, 235 Multibus. VMEbus . NuBus .PC/XT/AT bus.STDbus %, #HTF

354]
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B SLEA A O AR E T LTS ER SR H AR IR F X BRI P, 8.5
A, SRR AR P S E SR A PP ILECH , RATEEB B T ([, st
R IERE S, BT E R ERIHEO 4. TR, AR T AR BB BH L, T E BAK
IFSCAT LA T & FHAE AP B 1) D B H R g R 2 11 R B

TERATE RS E T 5 E AR AT A Z R TR — AR5 B, & ¥ 45
T AR DR B FC BB B A v FE R/ VR T T R B A i R B . B o £ RS
SERM— RO R, EHRAM RS AR BERZBIEMEE. BfF, LB 42555 P m 1R
1F: 55 S B w1 T 1 S 7 B 1R P SO A B SRR A BE (R R R

8.6.1 BirEHREN

R ARE A L 1A, T T LA 8-20 FTR IR R E5H B, ik REGMEER i, H
18— ML BRES UL E R M, AT R — MBS ERE R T R A48 0
AOHALEE 5 TRt . T & 2% IO A 2R &5 M B0 705 5 2% Ak 9 2% (R1 L A 1 ) 28 R TRl 2 AR 47 i )
ML X TS T AR RIEE.

AT R 2 H R TF fR 5k /R 14 HE 1 2
L TAE, K 8-21 Bk, FEX MRS, vl — v6FARE
§,B1 - B4 FRiTH, pl — p3 Frin ., ERHhFE
AT AR B A i L R BE DT[], A B AR
BIAT AR A B A 47 A, 28 (b, Bt B A0 135 2 O AT
FRb 47 4. TEAGIH, B1 F1 B2 B8M417R, T
B3 fil B4 24T R, 4T FEEMsH o E LR
BEHEKIHT M A B BB 11, B, o] Bfippar  E82l —PRRISMRLHE
B, pl BERpR O 2, BARE R BT MDA R O R R A R B R AR 2, TEA
B 03,05 Fl 6 BRI E, p3 BREAS O, BE, BEES AT Ui o)t RERBE 4T A 1
BRSO A E T X T35 0,00 02,04 NILERE, p2 AHFHD,

8.6.2 TEHAE :

ARSI R R PR SRARA REE M, RS HERRE T
FRAE R AL B, BT KO B AN A TERERS U T I 2 — R B IOR B BT, 3l
AT UK R A B AN BCAA & A AR BB B IO PRk 8 (B R BUA B AL P R R T B AR AR
A, X TR AR, tisi T RATEE RS, LIS N & IS B B R AR R, B
FIATAE X Fh 4 B 23 0 (5 2R3 5 BRI % PSR B 0 i B, LR R % AR AR
BT RE S B B S A IS M TP RE AR T IR SR S . 24 % SR AR RO S U A IR S A B A, X
R H R, RAOTEN FIRF AL 525 B R 43 FL B A7 6 2% o ad 2 20 B R 4 AL B
HTEE RS D FETEE BT IERERURA R P IR &L

Il 8-22 Bt AT B A B . FEXAMATFH TN A TE— b B
17,470 BLR B2 B a5 MERBE T, FEEBNRITN A M Bl MyjRLFER
ol HRAE BT EEEEE S MR X MY, EREEEWRER o2 JUBdEE Y2 #
B2 i), X SRRSO T R X BT < B 8-22a YRR AL A BARSMBCL F1E
28 E8-22brh U LA B AN IC A TP B8 , M RE (A8 B 43 A 4 % P AR AR Pl B 5 1] 8-22¢ AR R

-
pl p2 \ 03
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T ELes T R B K.
MR Ak P 3% AbPE R
RO
: v E
L ; i ! AR
® ® o &1
ASIC ASIC c
a) BRI EE b) BEMEBRIEASICH, c) WA EMILE
B HBD HEFRAAHET FREMAEASICH

E 822 ZEM

RIZHE X . Y1 R Y2 BRI FN avgrate (X)) vavgrate (Y1) Fl avgrate(Y2) AR
LAEE 8-22a.b Fl ¢ 15, Fris BERALH SR HIN avgrate (X) + avgrate( Y1) + avgrate
(Y2) .avgrate( X) + avgrate (Y1) H avgrate(X) . X ATRI 0978 & 43 EC, FATAT LAHH & FoARXT
ARAS B 8-22bi K cost (v2), KI8-22¢ HE K cost (v1) + cost (v2) S H cost (v) FRBRTEE
R PSR o IR SRR RAA, 8, T ol |WEBHED LT cost (vl) K
Feost(v2)o

M F AR LAE B AR SR R AR 7R 2N A Bt 2T 8 #5
Fes L R, B—7 0, XFERE B Ok 2 5 50, Boh % AR R A T KT
WRELL AR RAS . B 8-22 BN H TR BB MR EFENEI o BB o, £ #SEE
MR RA . ATIRXLLBAMEA B AN £ — 7 FLRA

FETIREN, R TR ORE ST 3 O, AT TR BR L A5 S A B R A A
WAL URE, AT AR, RINELHE BT BRAE MBS L RA, DA
AAFE B A R A B A DA . R4S B P TE L, TIR 48 0 A
H 0. FH—J7, 10 RAESE AR A HE T i R E A A WAL A B 8K, B A O RARF
FHEOBBHEA. BE, RGBSR E DB, B A0 K EARRRER, B
PR DGR H— R L HE R,

RAT EIRS, SN B AR EEAAXEKY. M, F—1TEERN SR, ER
R H Rk 2 FHERRNE 2 B R R RN X L3 - 7 FRAR/ME AT R, £
i, F— N EERSEN R, BEEER B KR BOR B AT R AR B A
NEBLE . TEREBHUIERT , h TRATFE B LIS R G A 2 5O 155 R N — Ry

FEEDE8.6.1 HH— AT HTHREERBNTESERNEDS, AWXE . BEEE—
FAFTHERI LR Sy, S, AT R IHH BRI, REFT NS THETHELNES. MENE
F Sy BN B, RITEM— %R S, BEEMIRNERSED, S, AFHWELARRITER
GRS e BT BRI R, B A LRI EEREAEEPEEK TR,
HE, S, A E RS R oA TR R &R A s A s

&i%8.6.1.FETE

Determine S,/ * BRES * /
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" Determine S,/ *LBESG*/

mincost =
mincost _bus = unknown

mincost _var _dist = unknown

for each BE S, loop
for each D of S, loop
datarate(D, B) = X ¢ uupped 10  avgrate(C)
if(datarate(D, B)< rate(B) )then
currcost = Cost (B) + Cost (D)
if( currcost < mincost ) then
mincost = currcost
mincost _bus = B
mitncost _var _dist =D
end if
end if
end loop

end loop

if( mincost = o)
then return( failure)
else return(mincost _ bus, mincost _ var _ dist)

end if

ST RAR AL D, A TE S T E S BLRL B M REC B FEEavgrate(C)H)
B (avgrate (C)BIENIL 7.2.3 %), i EHELL B LRI RER, AR
datarate(D,B), Xk, RITAEH 4 E B4 B WK B K rate (B) RE W L E I EFr
FHEAREEER, KEELR BRI R ERERIF AR A R/ PEETR. BAG
FERMBA Cost (B)FEF — H FIURA Cost (D)o HEE: BT R mincost . mincost _bus
mincost _var _dist AR ICFESRAMEMEEFE,

BHEERERN ONXM), Kb NREZEE M EERENTERIMR A EEE., TH
FEEE,HT rate(B)BEEIEN B B WIGEB KRG, BN datarate(D, B)iTE T
FiliE C RS EBRER) B peakrate(C),C F gt R B2k B B PTE 8 ( peakrate (C)HIE
MR 7.2.3%), R ERESHHRT , RAEEEERERITE L TR, TRESBO &K
A A, B e R IR AT 18], B A K AT RE LA R R M BIE . BiEFE peakrate (C) T A2
avgrate (C) ¥ H datarate(D, B) , $h7 EXTHUR &5 1 oL BEAT 54T o

8.6.3 #EO%EM

INRTATR , B A R 8 3 i — RS 00 , BT 98 S5 B 1B 1L 1 38 15 DML Z TE) AN A
2,3 A8 RS A O AT U Xl T, WEMEA— T RUT 8.5 Wity
HEER—MED, AU TR, 7 8.5 W, RIS T —FER N AIREH4Z



K i #iE fm AL 195

AR EAR, A& UTAE: (1) BEEEONAFIERREFLE; (2) #ixs
ERRISSREFRL; (3) BabHL T A b SRR X B R 2 B 1 I HEA o 361
TEL PR LR 2 ) A2 B 1 B R S A
R LA R O BB AR AR, RA — b
£0l, BAVE R 8-23 MBI TR BLEAXA 2
B, iR 8-23a A A T RTHY
4L B R0, A0 B A E T
WO, BEZEME T N TEN A MB K
LB RSEAE, IR S A I AR Bk
HABEE, RASHRES B RRMRB K  © FMRZE b —AAER- A BR2E
¥R, W7 8.5.3 WA B, XML AR 1 oy H8-23 0
DCRR B 5 A R B Fh R X1 4R 1
4R, 7EF 8-23b B, RIEEMRAM A MSKRZRMED , RO HRE S 84 A EaK
PO B A BBER, R 5 M8 A8 R I BUE SR R % BLE R b K0, RATE KL
R B Z B E— O, %8 ORI A2 R P OSUE , R U 5 I8 544 B TR Ay
PMYI B %8R, BERENE, MBETE A E D, 0 5344 & i i i, % 0
O SHEH RIS HRIE, B—FE, IREE gD, GASEAtRARKTNL, (362
P RS SHARE © A8 R AR, Bib, RSt R0 EQaIRE S
B 1 (0 A BRAEH B R , LB A Y AR MR AR ] (484
B 8-24 — O SCH 4 O S0 T 45 B B AR I AL (9 3 BB 1 X R B VME
M RBALIRA , AT B 8-24d PATRIED A T AR XHBRIE, K
5B A UREHRMRE(EERREN). EBES AS WREBHEFTAS RIERFAEY
By, PHE AN AT 2T 8.5.3 Wit B T,

8.6.4 MiEUFEAL

UBATAT IR E VIR GE &SRB RSB EHE, B TERE XCHMNTATH
R, RITMBEN R F A B RISETAL. REIDIE 8-21 iR, RIRTELA RS
ZJE,ILEAE 2 IR oS B BIATIAERS, MILEER v4 0Bl L RIS MR BRI XL
WO rhes, tnE 8-25 FR . ZER—ANRI23 4 o BB VT el H AR R IR, B A EA18E A
8-25 FHY v1 IR KMAHIFRIRB], BE I o3 T v6 IR LS TARAHE, Hilk, iR
P AL AT 5 BB XS B AR R 438 4 RO BB VM BEAT 404K, 10 2 02 v4 F o5 BIFEDL.

7EEE 8-25 th  FEAERS L FHAE B BE R b 28 P I M B ERTE 2 Ry bk 2= R v — I E—
Hosihl , B ST R E AR AT LAY . i Tl ARG R BER, RAEBIM N o
Bk OV, BT AR AAT i 1) B0 3 0 A ZB B B B 4 o bk 2 ) o, S AL S AR O SR TR, |
FRUL, AT s D R e B EaMb . EE, BT AR O RAT R, X_-RH TEH
£ AR R B T o AR AT | B, 7EIE 8-25 W, BERAE TR 4 OB Vi (R E AR T B4k

BRI A AR AR .

1) FETH B EFFAERR R BRI RE S BRI R/ AL T, EE 8-25
®, B2 3t 02 BUiTE)E FiX R,

AfrA

||
&2 R
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4#EA:
At [ (true,

ADDRp <= AddrVar(31 downto O); AE DRp <= AddrV

ADD 'ar(31 downto 0)

walt ot (DRDYp ="1; - DREGP ="'

DataVar(31 dowm 0) <= DATAp; A2 ((DROYQ ar(3’1) 0)<= DATAp ]
mnb <=

a) HAHREXER

BEB:

B1 [ (true
WtaddrgssonADDR ( pu)taddms]onADDFl

wait untl (DTACK" ='0; —) AS" <=0
data on DATA is ready, B2 [(DTACK" =
AS* <=1’} data on D?\}A is ready

b) B XHXR

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

Al (32) B1(32) G1=(A181)

A2 32) B2(32) G2=(B2A2)

cermrcmcacnem-a

c) RER4

sgO#R iP=(A1’'B1) (B2 A2)

TempVar1(32 downto 0) := ADDRp;

o wait until (DREQ ='1); 22 ADOR

ADDRD wiigmn .
ADDH TempVart;

DaTA 7” p! 4-; DATA

mn until (DTACK* ='0");
xg.npvm(sz downto 0) := DATA;

DREGe =1 hRDYp <= '1'; g
DRDYp ——1 DATADGTGI‘DDV&Q [ DTACK

d) ERmEN

B 8-24 HAffF-HLkED

2) BEATAH B A E RS i TR ARV R B & A48 B BOE T HEFESRFR
(DMA) LI B, FTAFRATFR 2 7 DMA 3848, XRp R4 SEAERIERM, AR EE
P R R BRI AR MR, 7/ 8-25 #, B3 Xt v2, B4 Xt »5 MIE R FXfA,

3) WETAIH RO S E L E K B AR B8 AR B B8 U R E T AL E AR O 4
AN/ R ERBIEAER. 7EE 8-25 &1, B2 X pl.p2. v HIFRIELE FXFPAAL,

4) BEATAHF O E R ER BEEE PR b T IR MRV R R % FIE SR B X &
MBI SE ALY, BT ARATFRZ W&+ B HefE. 7SS, XS BRIEMRAMI AL
2%, 7e 8-25 W, B3 Xt w4 HIiARE FiXx R,

ARV AT S HLE T

1) ME L BE B4 5k 25 (8] i 28 8 Flm X 4 Bo sk o

2) FBAFRERB AT XX E AR AFHINERKVIR. KL, A DMA
BT X X B A B TR
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ES vs - B
BhEE s B V2 1 ';
i i : !
! P
| I
! ; :
! 1
OloF . I T
: et pl v4 17 i v6
b P2 g ||l *
] |
%0 l H—
ASIC “‘i‘ B4
I
|- ) | =y | =)
pl p2 p3

& 825 REHMRBEE BIRARSH
3) A /B AR KA T 5 X S B B B AR R BR R B A U Rl . FAGE PR
SRERAE BT XX se B BB ]
4) FHEIA /4 IR R OB AT 4R 14T A 3 Bt 2 42 Ry s ik 25 1 /9 8 1 B ]

8.6.5 =HlimEa{t

AR TFAT R s 8 2 6] ) B0t o7 90 18 58 , 35 i B A TR MT N Z I R R 1T )
Fa K. & 826a B TXH4TH B1.B2. B3 FAEKGF,80 Bl K25 B2
M, B2 8525 B3 FFih. XHETE B1 5 B2,B2 5 B3 ZalFAEHEE, METH B2 H
WL I, NS B2 B3 58 B8t LFUHAT AL, 2 R (4 4Rk e 0 — 3

—MERFTRETIABFHI, FHBE N IEEE R : start Fl done. WLEASBIEAE
B2 '8, B2 A &S AILE HGES], inE 8-26b AR, MRBITVIGER start Fldone BR
SRR O 22 3%, B 8-26b Fiis B0 R 7] g B 4§ BB 8-26c s iy BARE RS . =HI140
ALAT LATZESTILEAS B start 1 done WOBIE T R AL 52 BUG #E4T

BF B2 BIE AL AE ARG, FTUX M EREer RERH SRR, 8
REATEMEIRD, XM T REELHEEIIEAE R done B K HblEFEFT 4699 , X 7T BRI BLAL
AR ET S R BIRITR %R

T AL 30 288 5 R L R WL, B LA AT RE R Bl B A U R Ak k. #an, EH
8-27a  FAVBR T —FRH sk I R AT N R A R EXNIFH, B2 #—1
FHAT HBUR AT R ERE— TR B2 WMGER .. TR, f7h B2 BE#Y R, BRE & hiX
1BA), JSE A RINER] . XFFEA T, ZEEE R SR R AR R S5 B . Rl R A
W, NS BB A RS HIRR . ERRIEHLH, AL FREE AT LAZE B2 SERZRsEIT 46 B3, RE B2
# B3 ZEIANEEREEM K, MR, BBt n] LI EEFF 1R 55— R0, 30 B4,

BRI AL TS RS IE :

1) B EEY R, MR E P, R 755 A BE AT vh 4 AR R A48 15

2) WALERKMEAT R, W ETR S B

3) XML G A BT AR B Vi 1R BT 44k

368
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K L iR

R

start <~ true
wait untit done = true
start <~ false

a) REcHd b) WA MRLEHR, BRBEAETFHR

|
@ \ start _____I <y
[ SR m-.ﬂ !
(=)
:B"g’ grE S
ghppse ASIC

) REHRRBS B HIrERGH

& 8-26 f=ilimmdik

bdin:iv iy

Y

v

G (7)

b) RAHBHS B HiREREH

827 #HlisR4n{k

8.7 #RMERFR
TEAZ T RATRE TR 2B BARITH — RINAUREHBNES. RITE



Rt it st 199

SR T RGBT P HTREMBRAUNEZE M, RIS T 5 BAEEHLIAAR
MR, BT T R BERAERK T, G T B REMREBZ KT 3T ik
ERBLRE, RATBR T A BGEE UM B8 T X R Gt b 3 5 0% I 50 17 (7] e 2 00 A
BRI BITEHETHEDNEMNRBRSAMXHBERLWE, BATHR TXF4EEMA
RAERDELEOBRAR . &5, RIOVEBH T AZELEFRELTE, XETHEBRETE
BEF AR SR B

ARENANTETUEU TN T EETT R 55, EERIES  TEHEER
FALAS e HE R SE B Bk A5 40 1075 TR Rt h BUHEEATPRA . 0K, ERATIHE S & AE RN T 7=
H, AR S fRE R T BRI (B R SR AN . FATR BT A PATHT E) FEE S 2 A
ZiE PR ERIRE W . FRK, AR B &R TT BRI TE B b #1785 RFT 0 B PR RE RS e
BT .

TEPFREEE R, TR TER N EGRA R O R, XA — 6 TE |

B/MEHe OB AL B R AR/, LB/ B O B RO BE A R/ B, BARBE(F
WRIE & xR ES I EE O R IR BRI 3 HOE R R G R — R TR (BR R
G BT EAHRES WSS T R B T4 A K BRI Bt BIan, Xt P8
B TAE XSS IS EIBUPRFNSRELH,. R, FRSER L ESHaEE,
PR RTBEIF R B VA B0t N AHRE 5 W HR X HE O P RERETTEE .

8.8 %3]

1. —ANBRAFEER 16 MNTFRNTFHSELH, EFHESNR— it w4 8 AL
8, MES 80, — AN 8 S, T XA LB AR 5 o
2. WE—MEE 100 MR A B4R M 201 3] 300 MFFHERS MEM . 7E T il
H—HIEEPERHX A M5
X: =A(30);
for I in 30 to 60 loop
Y: =A(I+20)*A(I-20)+Y;
end for;
A(X+A(10)): =3;
3. BiZ—MTH B & —4LEEMEAMT EE . AESOTEEE C MFHERHANX
7-18, 18 2 4 HoAth 8 8 BT 7 RO E (5 B ) B B HE R .
4. 7E@ 8-10 W, Xt F— Mt 8 ALAKITH MR R RA R T REMEBYGIE ., H4ERA
PUES BRI — P RAE R A KEX BludiE. Rk A F 25 MK, 81 LKA
16 L5
5. BIRMEILEEREA N MLV, HER—DLRBEARERPRT RO BRHARE
6. S TFE 8-12b H IS MPIRIER R MemArbiter HEEGEH , EHEEMIERITTH AB
1 C bl AR R A FR N R A O Bt AR R E BN . BREMTHEA
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--Answering machine controller

entity ansE is

port (

~-Interface to line circuitry

hangup.p : in bit; —hangup detected

ofthook.p : out bit; ——ansvers

produce.beep.p : out bit; -—produces a beep

ring.p ¢ din Dbit; --ring detected

tone.p : in bit_vector (3 downto 0); ——binary tone
—~Interface to display

num.msgs.p : out integer range O to 31; --msgs display
onlight.p : out bit; ——turns on led
—Touch--sensitive buttons

but_fwd p : in bit; ——forward tape

but.hear.annp : in bit; --play pre-—recorded announcement
but.on.off p : in bit; --toggle machine——on state
butmemo_p : in bit; --record message via microphone
but.playmsgs.p : in bit; —play all messages

but_playp :+ din bit; ~-play tape from curr position
but.rec_ann.p : in bit; -——record a new announcemeant
but.rew.p : in bit; --rewind tape

butstop.p : in bit; ——stop tape

--Switches

power.p : in bit; ——power switch

tollsaverp : in bit; —answer after 2 rings if msg

—Interface to announcement player

ann.done.p : in bit; —end of announcement reached
ann_play.p : out bit; --plays announcement
ann.rec.p : out bit; —records announcement
—Interface to tape player
tapefwd.p : out bit; ——forwards tape
tape_play.p : out bit; -—plays tape
tape.rew.p : out bit; --rewinds tape
taperec.p : out bit; --records on tape
tape.count.p : in integer ——tape position, start is 0
)s
end;

architecture ansA of ansE is
begin

behavior ans type concurrent substates is
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--Global declarations

type four buttons_type is array (1 to 4) of bit.vector(3 downto 0);
signal user.code four_buttons_type; --user id number
signal machine.on bit; =-—current state of machine

signal machineon.toggle : bit; --toggle on hangup

signal nummsgs : integer range 0 to 31; --num of messages
signal any.button.pushed : bit; --1 if machine button pushed

begin

Main :
MachineOnToggler : ;
ConcAsgnsi : ;
ConcAsgns2 : ;

behavior Main type sequential substates is

-> e ode e e e e ok 3k o sbe ok 2 2 ok o ol o e e s

——main control behavior of the answering machine controller

--Terminates any tape player, announcement player, or beep
--activity. Useful after exceptions such as hangup.

procedure TerminateAnyActivity is

begin
producebeepp <= ’0’;
ann.rec.p <= 0’;
ann play.p <= 0’;
tape.fwd p <= 0%;
tape_play.p <= ’0°;
taperev.p <= '0’;
tape.rec.p <= '0’;

end;

--Produces a beep with the indicated length
procedure Beep (len : in time) is
begin
produce.beep.p <= ’1°;
wait for len;
produce.beep.p <= ’0’;
end;

begin
System0ff : (TI, poweryp
Systembn : (TI, powerp

= ’1’, SystemOn);
= ’0’, System0ff);
behavior System0ff type code is

begin
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TerminateAnyActivity;
onrlightp <= ’0’; ——turn off led
end SystemOff;

behavior SystemOn type sequential substates is

signal terminal.tape.count: integer; --end of last message
signal toggleon hangup : bit; --toggle machine——on state

--Plays all messages by saving tape count of end of last
~——message, rewinding to start of tape, and playing until .
——end tape count.
procedure PlayAllMsgs
(signal terminal tape.count : inout integer ;

signal tape_count : in integer ;

gignal tape.rew : out bit ;

signal tape.play : out bit ) is

begin
--Save tape count of end of last message
terminal tapecount <= tapecount.p;
--Rewind to start of tape
taperxew <= ’1°;
if not (tape_count = 0) then
wait until tape._count = 0;
end if;
tapexew <= ’0’;
—Play until end of last message
tapeplay <= ’1°;
if (tape.count < terminal tape_count) then
wait until tape.count = terminal _tape._count;
end if;
tapeplay <= ’0’;
-~Beep to indicate that all messages have been played
Beep(1 8);
end; --PlayAllMsgs

begin

InitializeSysten :
(TOC, true, RespondToline);
RespondToLine :
(TI, any-buttonpushed = 1’
and any.-button.pushed’event,
RespondToMachineButton);
RespondToMachineButton :
(TOC, true, RespondTolLine),
(TI, any-button.pushed = ’1’
and any.button pushed’event,
RespondToMachineButton);
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—-Revinds to beginning of tape, sets message number to 0
behavior InitializeSystem type code is
begin
nummsgs <= 0;
tapexrew.p <= ’1’;
if (tape_countp /= 0) then
wait until tapecountp = O;
end if;
tapexew.p <= ’'0’;
toggleon hangup <= ’0’;
end InitializeSystem;

—MNonitor and answer line as opposed to handling
—machine buttons

behavior RespondToLine type sequential substates is
begin

Monitor :

(TOC, true, Answer),

(TI, hangup.p = ’1’ and hangup.p’event, Monitor);
Ansver :

(TOC, true, Monitor),

(TI, machineon = ’0’ and machine on’event, Monitor);

—Monitors line for required number of rings

—1f the machine is off, it answers after 15 rings
—(just in case the owner forgot to turn the machine
--on before leaving home).

—If the machine is on, it answers after 4 rings,
—UNLESS tollsaver is on and there is a message, in
~—which case it answers after 2 rings.

-—

behavior Monitor type code is

variable rings.towait: integer range 1 to 20;
variable i: integer range O to 20;

—Computes the number of rings to wait for
function DetermineRingsToWait return integer is
begin
if ((nummsgs > 0) and (tollsaverp = ’1’) and
(machine.on = ’1’)) then
return(2);
elsif (machineon = ’1’) then
return(4);
else
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return(15);
end if;
end;

begin

TerminateAnyActivity;

--Turn on led if machine is on

if (machine.on=’1’) then
on.lightp <= ’1’;

else
onlightp <= ’0’;

end if;

rings.towait := DetermineRingsToWait;
i:=0;
—-Loop until required rings have been detected
while (i < rings.to.wait) loop
wait on tollsaver_p,machineon,ring.p;
if ring p = ’1’ and ring.p’event then
im=i+
end if;
~~If machine.on or tollsaver has changed, the
-~number of rings to wait may also changs,
--s0 let’s recompute
if (machine.on’event or tollsaver_p’event) then
rings towait := DetermineRingsToWait;
end if;
end loop ;
offhookp <= ’1’; ~-answer the line
end Monitor;

—-Answers the line.

—-Normal sequence: PlayAnnouncement, RecordMsg, Eangup.
—If a hangup is detected while playing or recording,
—-machine hangs up.

--If tone 1 is detected, enters remote operation mode.
behavior Answer type sequential substates is

begin

PlayAnnouncement :
(TI, tone.p = "0001", RemoteOperation),
(TI, hangup.p = 1’ and hangup.p’event, HANGUP),
(TO0C, true, RecordMsg);
RecordMsg :
(TI, tonep = “0001", RemoteOperatiom),
(TOC, true, Bangup);
Hangup :
(TOC, true, stop);
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RemoteOperation :
{TOC, true, HANGUP);

--Plays announcement until end of announcement
behavior PlayAnnouncement type code is
begin
ann.play.p <= ’1’;
wait until ann.donep = ’1’;
ann.play.p <= ’0’;
end PlayAnnouncement;

--Produces a beep, then records line until hangup or
--until a maximum time is reached.
--Places a beep at the end of the recorded message.
behavior RecordMsg type code is
begin
Beep(1 s);
taperecp <= '1°;
if not (hangupp = ’1’) then
wait until hangup.p = ’1’ for 1000 s;
Beep(1 s8);
nummsgs <= nummsgs + 1;
end if;
taperecp <= ’0’;
end RecordMsg;

~-Hangs up. Toggles machine——on state if necessary
behavior Hangup type code is
begin
offhook p <= 07;
ann_playp <= ’'0°;
if (toggleon hangup = ’1’) then
toggle.on.hangup <= ’0’;
machine on_toggle <= ’17’;
wait for 1 s;
machine on.toggle <= ’0’;
end if;
end Hangup;

—-Processes remote commands given by machine owner if
--correct user identification number is entered

behavior RemoteOperation type sequential substates is
signal codeok : bit; -~trume if correct id
begin

CheckUserld :
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(TOC, code.ck
(TOC, codeok
(TI, hangup.p
RespondToCmds :
(TOC, true, stop);

’1?, RespondToCmds),
’0’, stop),
’1?, stop);

--Checks next four button——tones against user id,
--sets code.ok to true if all four match
behavior CheckUserId type code is
variable entered.code: four.buttons_type;
variable i: integer range 1 to §;
begin
TerminateAnyActivity;
codeok <= ’1’;
iz:m=1;
while i <= 4 loop
wait until tomep /= "1111" and tone.p’event;
if (tonep /= user.code(i)) then -—wrong
codeok <= ’0’;
end if;
i::=1i+1;
end loop ;
end CheckUserld;

~-Processes user commands. When done with
~-commands, resets tape to end of last message,
--unless of course the user has erased all

~--messages. HearMsgsCmds is the initial mode
--which allows commands related simply to hearing
--messages. If tone="0010" is detected, enters

--MiscCmds, in which miscellaneous, more advanced
=-commands related to machine maintenance

—-can be applied.

behavior RespondToCmds type sequential substates
is begin

HearMsgsCmds :

(T0C, true, MiscCmds),

(TI, hangupp = ’1’, ResetTape);
MiscCmds :

(TOC, tonep = "0010", HearMsgsCmds),

(TOC, other, ResetTape),

(TI, hangupp = ’1’, ResetTape);
ResetTape :

(TOC, true, stop);

—-Normal command processing mode. A1l comman
——related to hearing messages can be applied.
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behavior HearMsgsCmds type code is
variable i : integer;
begin

if (tomep = "1111") then
wait until tonep /= "1111";
end if;

tapeplayp <= ’0’;
tapefwdp <= ’0’;
tapexewp <= ’0’;
=="1000" enters MiscCmds
if (tone.p /= "1000") then
case (tonep) is
when "0010" => --play all messages
PlayAllMsgs(terminal tape.count,
tape.count.p,
taperew.p,tape_play.p);
when "0011" => -—play tape
tapeplayp <= ’'1’;
when "0100" => ——forward tape
tapefwdp <= ’1’;
when "0101" => --rewind tape to start
taperewp <= ’1’;
if (tape_count.p /= 0) then
wait until tapecount.p = O;
end if; ’
taperewp <= ’0’;
when "0110" => --stop tape
tape.play.p <= ’0’;
tapefwdp <= °’0’;
tapexewp <= ’0’;
when "0111" => --beep number messages
wait for & s;
i:=0;
--one beep / msg
while (i < nummsgs) loop
Beep(1 s8);
wait for 1 s;
i:=1i+1;
end loop ;
when others =>
end case;
end if;
end HearMsgsCmds;

-—In this mode the user can perform less
~-common commands related to machine
--maintenance.
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behavior MiscCmds type code is
begin
~-Indicate new mode with a beep
Beep(1 8);
loop
wait until tonep /= "1111"
and tone.p’event;
case (tonep) is
when "0010" => --exit MiscCmds mode
exit; --exit loop
when "0011" => —-rewind tape
taperew.p <= ’1’;
if not (tapecount.p = 0) then
wait until tape_count.p = 0;
end if;
taperewp <= ’0’;
terminal tape.count <= O0;
when "0100" => -~hear announcement
ann.playp <= ’1’;
wait until ann.donep = ’1’;
ann.play.p <= '0’;
when "0101" => -~-record announcement
—-preparation time
wait for 50 s;
—-beep indicates start
Beep(1 s8);
wait for 0 s;
--record for full length
annrec.p <= ’1’;
wait until ann.donep = ’1’;

ann.rec.p <= ’0’;
--beep indicates end
Beep(1 s);

when "0110" => --toggle mach-—on stat
toggle.onhangup <= ’1°;
when others =>
end case;
end loop;
end MiscCmds;

——Reset tape to end of last message.
~-Rewinds if past end, forwards if before end.
behavior ResetTape type code is
variable tapecount: integer;
begin
if (tape_count.p > terminal.tape.count) then
tapexew.p <= ’1’;
wait until
(tape_count_p<=terminal tape count);
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taperewp <= ’0’;
elsif (tape_count p<terminal_tape.count) then
tapefwdp <= ’1’;
wait until
(tape_count_p>=terminal tape_count);
tapefwdp <= ’0°’;
end if;
end ResetTape;
end RespondToCmds;
end RemoteOperation;
end Answer;
end RespondToLine;

~-Processes command indicated by a button being pressed
=-on the machine.
behavior RespondToMachineButton type code is

procedure HandlePlayPushed is
begin
tapeplayp <= ’1’;
nummsgs <= 0;
end ;

procedure HandleFwdPushed is
begin
tapefwd.p <= ’1’;
nup.msgs <= O0;
end ;

procedure HandleRewPushed is
begin
nunmsgs <= O0;
tapexew.p <= ’1’;
if (tape_count.p /= 0) then
wait until tape.count.p = 0;
end if;
tape.rewp <= '0’;
end ;

procedure HandleMemoPushed is —--record message via mic.
begin

Beep(1 8);

tape.recp <= ’1’;

wait until but.memo.p = ’0’ for 1000 s;

Beep(1 s);

nummsgs <= nummsgs + 1;

tapexecp <= '0’;
end ;

procedure HandleStopPushed is
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begin
nummsgs <= O0;
tapeplayp <= ’0’;
tapetwd.p <= '0’;
taperewp <= ’'0’;
tape.recp <= '0’;
end ;

procedure HandleHearAnnPushed is ~-play announcement
begin

annplay.p <= ’1’;

wait until ann done.p = ’1?;

ann.play.p <= °0’;
end ;

procedure HandleRecAnnPushed is —record announcement
begin

wait for 50 s;

Beep(1 8);

wait for O s;

ann.rec.p <= 1°;

wait until ann.donep = ’1’;

annrecp <= '0°;

Beep(1 8);
end ;

procedure HandlePlayMsgsPushed is —-play all msgs
begin
terminal tape.count <= tape.count.p;
tapexewp <= ’1’;
if not (tapecount.p = 0) then
wait until tapecount.p = 0;
end if;
taperewyp <= ’0°;
tape.playp <= ’'1’;
if (tapecount.p < terminal._tape.count) then
wait until tape.count.p = terminal_tape.count;
end if;
tape.play.p <= ’'0’;
end ;

begin --RespondToMachineButton

if (but.play.p=’1’) then
HandlePlayPushed;
elsif (butfwd.p=’1’) then
HandleFwdPushed;
elsif (but.rewp=’1’) then
HandleRewPushed;
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elsif (but_memo.p=’1’) then
HandleMemoPushed;
elsif (but_stopp='1’) then
HandleStopPushed;
elsif (but.hear_annp=’1’) then
HandleHearAnnPushed;
elsif (but_rec_ann p=’1’) then
HandleRecAnnPushed;
elsif (but_playmsgsp=’1’) then
HandlePlayMsgsPushed;
end if;
end RespondToMachineButton;
end SystemOn;

end Main;

behavior MachineOnToggler type code is
begin
machine.on <= ’07?;
loop
wait until butonoff.p = ’1’ or machine.on toggle = ’1’;
if machineon = ’0’ then
machineon <= 1’°;
else
machineon <= ?0’;
end if;
end loop ;
end MachineOnToggler;

--Sets any.button_pushed to 1 if any machine button is pushed.
behavior ConcAsgnsi type code is
begin
loop ‘
vait on but_play.p,but_fwdp,but_rew.p,but_memo.p,but.stop.p,
but._hear_ann p,but_rec.ann p,but_playmsgs.p;
if (but.play.p = ’1’ and but.play.p’event) or
(butfwdp = ’1’ and but_fwd.p’event) or
(but.rew.p = ’1’ and but_rew.p’event) or
(but.memo.p = ’1’ and but.memo.p’event) or
(but_stop.p = ’1’ and but_stop.p’event) or
(but_hear.annp = ’1’ and but._hear.ann p’event) or
(butrec.ann.p = ’1’ and but_rec.amnnp’event) or
(but.playmsgs.p = '1’ and but.playmsgs.p’event) then
any.button.pushed <= ’1’;

else
any button.pushed <= ’0°;

end if;
end loop ;
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end ConcAsgnsi;

——Updates num.msgs_p port with current value of intermal signal
-—nunmsgs so that numerical display shows number of messages.
behavior ConcAsgns2 type code is
begin
loop
wait on num.msgs;
if (nummsgs’event) then
nummsgs.p <= RUMMSES;
end if;
end loop ;
end ConcAsgns2;

end ans;
end ansi;
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