LC-3 Vi /K &Rl 75

1E LC-3 /KRB YH s Bl A2 eh, AR S 7 e . B T3RATx cpu Bt Al
P A 25, IR Z /N AR T R E (],

—. RKERRYIER

ERYIFIETEH, WKL B 55, $#UT. Ui BRINANRKE.. BT &7 5
SO T R EH “ 2 Wit R B RN T BRI 4 P i
e, RS ES TRI A XS N AR R 2 R TR EDNR 2, DRI PRRS A B 5 FH — MK B,
MmASNIREREEH, XFERKB A2 A7 BT B2 PRI 5 I S S8 B E S 5 T s

W IEZ TR S ANBETRL K Z /K, 5 RE RN BTRIKER, 78 U I R H AR HEHE T > J A4
PATHEWR26 T84, T BRI ARG S (B ERAKES) RIERT L $aTEE, A E
W R IHA K841 opcode (DUAZEEVERD) MUK B 25 A7 4% FH U H FRAE 1 BB
B, G TOEITA 28— B T, T RIUAEIE, 252, 3 FRkgx
FIEAT MRS, TR T L AEA AT H A RS

P R IR K BeAt iR - A

1. FEORE (ASRIZMEE 2 KBS eI, 25 3RE2) T8 1 /KB

2. [AD PR (RCRNAZ DR, 25 R IFDE 1S e B E S TR G — D,

3. BEHPER (ERESHERETFFRT);

X LR ) 3 B R et PR EROANTE B, K E RIS TAERAE T TE S cpuv, A
FIKBME BB, BH M. F5h, Sn/KEMNY “&aHIR”, M E—HK
B IPIRS AR I BUE B, 9B K R FPIRES TSP AAEE B, F R 2R EER
K. HES UKL RIME 5. 2R, BETHTIZE ST “R 17 @ i 7, B ik
B A A B S IR e K B, B RUK BT RS R B8 T — Rk B A4, FFRI K
BRI RA N — e RiEtE S . WNZHE LR, XEIRERE R, BNl ki, xit
FIELAREL . MG 5 A B TAE MAZAE T K BN SR 5E il o BB ) R IRA TR 7850 R IF
e &

—.\ jHFfHEX (hazard)

IR RATIVRAK LA T AR BT, FEPFMEN T2 RE “Siaik” M.

1. MINFFEUER /7885, 127717 %%: LD RO, PCoffset; ADD R1, R1, RO. H1-T- RO fl145 5
BAEVIAET B BeifiE , i bE N — %02 DA ZE M RO MIME T, XMW bk
e TCiEH forwarding fRULIIARDC . IMZTE N 2640 2 TR — A “0f7, BIIE4,
56 IR A G — N EHIAT .

2. MWIWAFHIEEI A 748 5, PRS2 SN 5 —NAFHI0: LD RO, PCoffset; ST RO,
PCoffset. X MIZH} ARG AR ERRIEVIAZINEBD, H B TR KL A
AL A IEURAE ALY (BAT) B BOst e B, R I 7 4% R b T — i i 40 5 i /K
2k (bubble).,

M FAEAE 5 B AE VR IE LDI AL STI B4, LDI Al STI 484t 75 #5237 /K £k (indirect),
5 bubble A2 indirect BN BT B /K 748 R B J5UE, T bubble 752575 75 it /K B
AR CRIRIAE AL AR B N A4 1) ERBIX BAEF (indirect) JG [
REIELF XA BT “HJEie” MR, Mm@ E e, WA AEN P Hs.

BUE RS, B “HJEEL7 MO B IAE, #0 DAAE D I B 58 A 2 15 7
bubble B indirect. WIHAMCH I T, KT E K E] decoder, 7E decoder H38I— Mt



H#% T bubble indirect I AIRAS, ETRE bubble ) I HH A HHATHI B (ALU) 4%
HME 5, EREENAEVIR Gndirect) 58— A MR IRFIRGE S CRBEE i EEA
WAFHEE) o IXFEAS I EAE AL AR i 245, BRI R 2 AR 2 .

=\ FIERER

1. BRI I B I AR E

WATE RS AR, RO AR I (addr). SR (we). HdE (data) 7E7 FLIK
TR IR, SRIMTLER B AR PR AP A SN T < A AR B BB . 20078
KB, BATVRIUS s FF AR ) “IAH 7, 2 always 15 A A ERA BRI FIT G
else fRE) I, A HRBIRAETE ) IPAT I LR AR BESERI—, TN _b 7 A B AT CANTE
5E ) (], always AANARIE T 245 18 48 1D fi i Bk ] i o e aZa 7 o 2 SR AR PR 2 5 (Al data)
FEIS Bf_E T R 53— BRI R 1 o, AN BEORIE S N IS A& A Y

N TR B R AR e, AL E

BT CRAENAE W) BRI (RS 5AMEE;

HE A ERTHEGES (Ut KRB A N AR © R S s 7 RS A4S BT
B A 5

HoAth 75 BRI B ER AL B TR AR

XA, RAEHATR B, BE N R B AR T S R IR S AR R I i i
TRAE T BT PR A 2 AR RE 1

2. FEHMEZ B

FEFFRURE R, 55 2 S AT AR B 28 HUK . LR AIBEN 2 £
IS eI s T, n SR b — R ST AR, EL R T 5 B S TR B SR A, DT K
(EXAME AL BlId i BIR 2 BT 20 A2 HASRE , A5 AR SSH (f REAS 5 A2 I B BT B
EAERE. AUk, BT latch MUBRER, FATRA T — Mt wire f1—RE reg, wire HI{EH
reg MM AU A8 54 il BB T FEVE reg TEHTA 4T wire FIME, BEZ wire FE L AT
REAR AR . IKHRIE 1IN _ETHI TS wire RMEZ AR E ] .

M. 5 Verilog HXAYIEIRELIT

1. Bk

1E Verilog A Serh (Al AF S Ab s 1, BRI TCVAAEBE T U B, IR FRATTAR k& o
Ja R I F ) wire AR B0 FR 7RI ERE

wire flush /* synthesis keep */;

BN EE 1) reg AN AFRRIERE:

reg buffer /* synthesis noprune */;

BIAA§ Verilog /T as R BEIX EeAb &, (Tl ES. EIREUETE R T (fan-out)
AR A R

HL b, R (A AR BR JE AR 36 B TUE SCAHEN output, B—EA AR R T, (HIXAE
ORLIIR T B e, PR AT A R -

2. EEAER N AR

TGS, FATIEHFZ Ipm_ram_dq {£5 RAM, Ipm_rom £24 ROM, &RR 14T
EW e A, 1 HAAD Warning. Quartus FEEI U, _EIR Megafunction {22
fit “m 5327 B, 7E Cyclone R NAS H altsyncram ZHAF . XANHAFA 0] 15 B B35 I
W%, WHEEM)ZERZ Cyclone FPGA WE SR, ATREH latch KRB, e 19k



WP GRS M0, TTREMERES £ FPGA JR L REIR Mg (T

i

. XRFE LR

EAERERIEANTIE T, IR T — NI, B RENKIN reset (55 1 HLF 5 5050
FERT  BERANNBOIZE, WA it &, &Y E B ISR T 5 IEMET A £
WA XF eplcl2.y HEHAT 7488 &A1 bdf BT I%AE T HFAMENAE: CPU THE XX
PR OAE. BT 7, SREFPIEEE (po) WRAARTINT, HIPRSEE R R SL88 T &
B GRE (CLK, TR AT E reset {55 I @, KIAE eplcl2y AR TRZ “TCHI”,

BRI R, FIASLRF& BRI LED AT, AL CPU 41 (eplcl2v) A CLK,
B Ccpuv) &A CLK, FIRIA CLK IR AR .. TRELZINNIES T, HE cpuv 1
HMEEE SR EAZ . BT reset 2 ZIRIL T 8. BTG AEEEAS N

75, BT
H T AR LC-3 SREG T [A]'SE, NI 58 ) L A& FLANAE O ) 1] S48 2 A8 A 1 22 I gt gl
W, EMEFA—AZ%HEY, BRIRERT )LD

1. REIHEALE (BRONFEF S IEWFEFM L, 55— AR D

2. EMEIHEERITES OFGEN A BN UKBIEEPATIR %R S, RO HALE
5 ISR T P B SR HE 2 T T AR B T LR i 2 I — 250

3. IREFREF S (po) AL BIEHRTE 2 FTEILgwiE & SO I dmis A

4. R UORIRICBI S, IEZER] asm SCFH B L B gaiE S G

5. LbxF IESRRE P 005 B T B S YRR R 0 B T, AR G S N WA AT
CEARPE”, BELMAFARNIEESHE IR SEM R, XA AR
e NI FLR A, JNEPEE — Kb e AR AR R T AR FE 2

6. RGO AR B S R IR IR 2 & 3, ST 23T LR, HEWT 20
— F AR . RS, 28, M55 (hazard);

7. B IR ERYR G, XA AR B 9 AR SN N/ * synthesis keep */, EHTWMIE, TR
TESCAF IR I B A AT IR, A B

8. EAEMAEHME A B, IFERHKERIRL, BS “BATANN” AR
NE 7 R AR 5

9. XFEEER, CEReE B AR, SRIUE Y4 i #R AT IE 1E

10. TR, B RETHER.

IR AR R SLIR R, IR E g S RODEAT “Hoollil”, B R MR AT
BEAT BRI, PG R AR, AT AR ORHE my i @t 1) 2 7 T

PL decoder (PFEhL#s) MEAHAM], I1X/E LC-3 CPU KR — MR, B —1MHE&EHE
HiE% (K case 1HH)), MRAETEAEMEMMARERIES . RS RER R T 2045,
FSL AT decoder 1E RTINS, Wit — NSRS, MRETLIR S &/ — 5%,
iyt T A 1S 5 . Decoder NS I 7 1, BRI 8 A A 4R HIME 5 I AR 2 &) R IR
P AR R . X PR S R RIS R, B BIX 5484, TR E] decoder HHEHRELAL i)
BIRZ

FEFADR Chazard) RUIIRH, BTIAFET FHE 8= 2 . M opcode HITEA ZIRE
2 (40 ST, LD, STIv LDI R I, AAT-4H 25 5 Mk LA g A7 H vl 8 ) B BB AT 206 2% 46
AT, T RIERE R R ELR Y, BREROZAE 2 /b S BRI R BN 1 EE LA
AREHERFE AT, FAHIR SR P 5 KA RS, A5 H 2 [T 584



ADD RO, RO, RO) 78, (EFFZH 522 A7) FHIET, £ APk /o T AL B S AL 1 HEKR 4
RGBT T IR ZAIEZRA T, FTRERIAS 2 1 R B AR 2 I 8078 52 A48 2 A b
HA AR L.

. BPaskEREIMAIThEE

L. A LA T

2. BRI BAE IR H R T, WK S EARRL T = 2K, FEEAF A ERE dl.
d2. df, WAERFT dl. d2 T

3. WA SZEL VEn A VED IR 1T s



