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Pl 5% 5 A SELAE 2 YL 5 R AR 6 012 847 MO8 B R B R i R
(PRI B R ML, BIZEAE E AT BRI, DA BIE U B AR — A B 3 30 )
_AALI\O

TERAWTEL, NIRRT 2 LA G B IO SR AR RS, desE b
E.

AT B RGES R, RS T — GRS, hL A . S k.
UL 257 5 DU AL

T RRKBOARA B 59— M — NG T, AT s — Ak A I B 1
B, RS (0) R E. A AR T SRS N 0. 1. 248
B AR ST AT BRI

BBk DITELCHS AR E, AN AR TG R T L, B RN A
AT .

SRR 2 BT HL A AL RS, DU BT S Sk FF s 7 LA 5, W o5 ok
R e, AR E IR, LR . BRI A, 3.
(R 5 R R B . SUe B T B R AT 5 B adr o NITG %
M kA (Ly B (R B3, SORBE) (NDs 544 WA T4er 2 ik A s )
VIR

ARAS B2 00 T 17 P R L 2T AL RS o T S FIFAS T AR s 4 R AT B A,
T ELHR A —MERIOIRE, FOTIEHLIRG CEIEEEIE — MR R 5 — AR
REHLERIER, 5 MEFBESEE D).

8 xr:

B I — 52 R TR, [2TH —ANEAGRRKG KT, B XAFIERE
—FPIR AR L, B RIAA XA — SRR AR A K T A AT AT A2, BT
B R A IRE, 1946 F £ B EEREHRL EEE (BRL) A% &) & F AR5
F# (ENIAC) FHAA AR LF—&i@ MM, ENIAC 2B R 746 & -F it Fa,
e EHI AL, AR EFT A,

1.2 & & 5F &

ERERYFEEE, OISR BN B, RECR TSR . A7
A HPIFPEEH : 1D TR RIS PR .



F1E HENNAR

1.2.1 75 - EIRS 54

o EREZEH] (Von Neumann architecture), AR AT « #EKEMEA (Von Neumann
model) EEMHETIALEM (Princeton architecture), & —FEFE T84 171k 28 FIEE A7 iF 25
EIFE R ENG TS, AT 1945 45, HZAE 5 « #5/K = (John Von Neumann)
A ASE EDVAC RS W R H o Bt —Fhsc il B R AL THE R & A4, Rl B
2R TR A S T A PRS- T S . BRI, BE TR AR T BT L AR
FAERE PP B

, & g5 ,
N T P i th A%

K12 5 - 25U Rt e

B 1.2 s 71« VR IR 2 Bt B, Bl BT, fEHIRIC. fEAR ST A
N/ B A AR

B 1.2 AT BLW SR R, AP R I ST T AL B R A A AR . b, ACEEER
A AE e T AR AR 12 S (0 R

PR ICR S 1R W AR AR P IS, 18 W A S ST R AT (45 %, T RE
FEH s WALk T — Sk 482 AL E, BT 5 ALBE R ITHT PAH S 2045 2 AT 45
ZE R AR RIBEAL, WATHER TSR IR L MAT B CXAMTHCTBLRZ BARE, trT B2 A
X AT E R R AZ 2D .

A T R BT A AT S R 73, RN SCRF P an e O A & . F2
FroR 2 MAF T .
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BN B AR R P AT LA AE S B Ja, SevE L AT A . P B AT 5 A1
RHACITR AT, XK TN TEENLAOTE S AR Dl BB L, ] DA R
fibisi s, AR H

I A T R I EAT i e e, 08 A A N/ e (8 — 7 00

e WK BRI —ARIEI O Y RS A AR R, XSRS, f5
A BB HUM B 3 A JC ik R 2R 4T (BN BRI H —F A 3880 XML RPN
e VAR RIS, G 2 RGAIERE P ER A ISR AR Lo RN B RS gt — 25
HAffe, H—ANEZARE RGN TR IulE, iR R AU 32 ZEAA T WU -

1.2.2 PE{3EZEH

M5 224 (Harvard architecture) J& —Fit BN, ©RAVART I8 A7l A E R 17
it 73 T HIAT-fits 28 5 440, BV BT 1R 49 B8 2247 Csplit cache) o SXFhZE A BT B FH T 5 78— 5 (Mark
D, ZitEHHOA AR IR B — & KA B8 i B, Sw— 5 H IBM FEE
e HWE, JET 1944 4E 8 H 7 A3 EmG fh oK, DRI M B R B FR g e o 2244
WE 1.3 fios.

TRATF

A

A
Y

s H0 < HoE ik as

LN

K13 maih AR S
WG P IR H R 1D « WK 2 A BT U, AETD - T2 3R, FEFPIR A
K A A R B YA AR SRR A . I 0 AL IUDRE A7 BT 20 i & A7 4 5 Bl A7 45
Iy, AR RO R TS - WK 2 AR ST AL A by 2 LA 1.4



B1E HEHEMR

100 100 100
B4
B4 Vi€
Hils
0 0 0
(a) 3 - HHS BT (b) WAERIEMRSA R
i)

Kl 1.4 thhikgmhd e

WSl A SO VF 4 2 s AN B s kAR R, 3R RO B A AL i 5 A a2 A
BZE, 15« VA S QR B — B R RN AL B AN, XA TR A 1 45 A
PERIIHATACEE, HEmsemavEee, REERL 7B IR TR . HET, R UTREILAS
PISRR RIS « WK 2 200 . ERERKE, B Mark 1THENL EIZ1TRE P 215
e WIREWOUTT, T 1944 43 7 29 HIF R . 12 SEM bl , AT E S04
e RS, FE AR, ik, BEATVEANARE .

1.3 e it

o

HISCEAR MR bk S A7 A OB 2 7 B b A RE A ROl . ATHRE PRI i
SEILY PPN

1.3.1 il
MR —FORT R, SRR . TR OEOE, @ TR kR

RSN (ST R s il SRR N R RS Nt G R (k- QB R WS E3Ei ITEIEAS - G et/ G B S
— BRI n, WA ARRE Y b BEHHRFAEAE TR TH n DN, Bt Az



HEZE . HENERSSRIES
132 it

AR =M (binary) CHURSE b SR 9k BLAE « Uk « SEAMERT 1679 &, X
— RGN VIR B O IAEA T 1703 AR E QR RS 0 F1 1 ) k&
AR, FHeeF R & & e TR AT 2 BB R ) © . 5 S S e R
WISCA B A BRI, BRI A R EL R DO S S R S . Hod, oy
RAER (HE) B T A0 e KR ZIBAR.

MG ) R A AT DAHESR R — R DL 2 AT R g, HR R E
B, HZRGE RGN 0 f . Bl 4 1+ 0, 455052 10, BUR SRR e %I
AR R A AT

M 0001 f{HAN 220,

M 0010 $fHAN2M.

M 0100 #fiNk2°2.

M 1000 %fHH 23,

KAEHK NN (HE) THEHZRS MR EREGERENRR. EFEE (2 T
HRZ G, MIRAEX L RAT DE R R R BIEE . AhGeE N B (54 EHR
0 ) 111111 {9 b B = AT — — XN, FR NI RO AR EE T Hp 7R L K Rt
FTREBLI . AT 52 i B 2

1.3.3 =il

HMNERRRE, =S R AR, REZ2 TS 2. B,
X EAER P =3E4] (balanced ternary). P = iEH & —FrAEbRHERTHELR G, H
B3, MBS A-1. 0 /1. SRR =3t REA R, P =6 AT 1 2
Ja AR S IERE T, TRLE 0 ZAETSIN T -1, W3k 1.1 Pris.

P =R R R T A B, X ERIAE I T -1, MIIAE R 7R S o 2 s i
CAN ARSI S 5 X o T 1| V) DN ey 1 B g WA S0 =i i 1| P =3 65
FHE AT ENR K ENE « SENE GHEVER T ZAR) — B BEnGE: “HvrREm
A~ = 3k

FEVHENL R R AR, TRBRH 7 — S T P4l — gk ) f) S Ee e BN, Ho
ELTRB R« MEERFMUI/RE « REFRILFERIER Cerynn. SESH i

@© JFECFEMT 1703 4F, 3T 1705 4 YORRTE LR AR (1703 4F 2 KR FRA%) (Histoire de 1’ Académie Royale
des Sciences , Année 1703 , Paris ,1705 , pp :85—89)



B1E HEHEMR

ARG, P =2t H SR MR HE TR AR A SUB R L TR 1S, Bk, Lk
TOMFRIIRAE KK SE 1 2 A fikis A O LRk BAh, 14 =k 8 3 N4 ok
M TR . IEZ ARG, BRI I AT AL, IR is R R R
AFIFRRELL, MAE=A, X 7RI R

z1.1 FE=H#F

EE = ZHE RS RAE =3
1 True 2
0 Unknown 1
T (1) False 0
1.3.4 e i#Hl

T e WFCONRKFIEL (Buler’s number), & — /N4, HAEZ N 2.71828. ‘B LA
i 2 M7 AR AE, WK 1.5 FE 1.6 s emﬁﬁﬁﬁMfﬁ Ak, e i BUE SUH
FIEA 1+ Unyn BIRIR, 24 n 10T T0 55 K o XN FRIEXERCA T B EEE L
It HE5 SRR RS2 UG

. M
Jx)=E X*log M

K 1.5

e-hm( )

K16 WehiHuE X

E\l
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2 n 41000 000 B, THEEERZAN 2.71828. A4, AMEHEH PL e AL BEHIVE 2
AW E CBIE SR B RS o) 7R BB AL i\ g o2 di v R ki o DA R 22—
AT, VR RCR . B EATE — N 100, FATZWEEIX 100 A2 50744 H
BARHE? Bltn, LL2 AR, THEASH 100/2=50, XEKREA 50 12, M4 EXEH T
BWRER AT, B2 550 005 (27500, @XM, FATA LA A ) R 4
PRz, BRI 1.2,

®1.2 HiEXE
BHE () |80 (RTEETRE)| L (4) B (4)
2 2 50 2750~1 125 899 906 842 624
2.71828 2.71828 36.7879  |2.71828"36.7879=9 479 189 905 491 517
3 3 33 3733%5 559 060 566 555 523
8 8 12.5 8712.5~194 368 031 998
10 10 10 10710=10 000 000 000
16 16 6.25 1616.25=33 554 432
32 32 3.125 3273.125=50 535.164

R4E E—dH R, AT RS RIS e MFEE B, "HEREERE/DN, 104
JREE U N e ), TTAHARIBIEIRRIER K. BT e #HIMAGERZ, HILERRRIANE
PEME R ERAMR (351000 FELT, AEBEH RS REEENEEEAR, X
ERRAEERIEI . Ft, FATATUASH LRG0, e dEflS A R nits, Hixe
=, OB RE R AR e, SRJE S k.

1.3.5 H{biHH|

fEHE AR, AT AR TR RS, B 0. 1. 2-+9. BRK, kAT
RS ANAER O CIR i a1 A€ 2 Bt

Wk ) B e oy R TR s RO TR DL 2, IRl SRR IR BRIE AR
PIRE. WRKREH O, WIdH 0; WRRECN 1, WHidh 1. RERX L RENT =,
P32 I 25 B B ) I E . N, Kk A 20 R iR R
20+2=10 4% 0.

10+-2=540.
5-2=241,
2+2=1%0.

N AAAX

1+2=04R 1,



B1E HEHEMR

TR ZE RN 10100, X2 IE IR RS BB R %L 00101 {57 HES TS I o

W B ORI T VR s A R AT DL 2 BIRIR, IR AT 1 AL
FEEELL 0 1F, FFBEE A I ig i . SRR AT AN, BRI R . B,
4 kb5 10100 Fe oy Efl g FR R
WA FE R 220 *0=0.
%A, 21 %0=0
AL, 2% 1=4
S0, 243%0=0
BEHAL, 2M%1=16

45 o 20, B IR LLsfe AR N1 B S R .

TSR THE LR R R4, R ST 0. 1. 2.9 LURFEE AL B,
C. D. E. Fo XEREAA7 bl bl 2 a4 051

oS ] XA I AR kA k] 0 AR AL

N HER ] XA RR S A I R R AR ], AR AR E T X LR A
& 16 AR 2.

DRI, ] DAAS HH — /N R R i B0 48t DA /I o 00 Ao Y B, T /D i
AR R O3 A P e AH DR I ) e 4o IR R R 1.3 P

®1.3 HHEIXERE

NN E™

+
#| 0 1 2 | 3 [ 4 | 56 [ 7 | 8|9 10|11 |12]13]|14]15
i
_|_
g 0 1| 2|3 |4 |56 |7 |8 |9|A|B|C|D]|]E]|F
il
i# | 0000 | 0001 [ 0010|0011 | 0100 (0101 | 0110|0111 | 1000 | 1001 | 1010 | 1011 [ 1100 | 1101 | 1110 [ 1111
i

TN 7T HHENE RN ATREA B 2 4R, B =R e B e b
HIE R A S92 Z TR T AL R SEBINE ? 72 I LRI, TR 22
WA =TS, 56 B R AT I 7T, (HIX iR R AE N X, XA 2 P AR
R 5 T SRR R AR AN RSB, IR TR LRR A R AL 1
firo 45, THEHIRE LA TSR SRR L T SR =3RRI ROR,
Bl RS o) 2 M, =R S 2 5. B, IR TR [ =3,
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RO FEE L BRIE RS DR A8 DL O 7 A Vs R 2 i
X DRI R s K. PRI, ISR TR AN E N, R RATRE S AN
BELE PR AT  1P) =3k o BRAR H AT b A AR ), IR AR ORI IY SRR
PR — BE B ) B S B

1.4 F#HIN5iaH 87

AATRRNRD FEA KD g, Il X BRI HE T N e BRE T, R
SR, BRI B S FRAATH, HESIE], S HEAS EMW
HLBR LA IR . AERCLE H R BLTE A, AT REIE 7 BN HEBH A% L T AR R R DR L 1) 1
IBAT . PRI, I AR B AR X LD AR AR SRR L, 2D SR OG I R B R IR AT B,
LRI S PR N - S P A B BT

1.4.1 NMOS 5 PMOS

LS P& PN FEAR TCAE: NMOS (N-channel metal-oxide-semiconductor) 1 PMOS
(P-channel metal-oxide-semiconductor), 77U 1.7 F1E 1.8 Fror. JEE:@ 5 #0825
TR . HF, NMOS @RS fEm A & RN 2 S, 17 PMOS S8 NI1E
BINKHE RN F@. £ R T, SEENN T 1, REENR 75T 0. e
U, HHEAEEN R R, RE 1 DlRREd RN, R 0. ST IR
R, RATEAER 10 0 RFRXPIAIRS

IN D—|LJ>‘ IN

K 1.7 NMOS #iAaERER K 1.8 PMOS A rmE

AR NFR T NMOS F1 PMOS ) TAEJEHE,  oh O ER [1152 38 v] 3 AT 25 B A 5% %%
Bl 528 N ENIE NMOS fil PMOS F& 44 5542 45 v 6 1 FEmk oA B g o

1.4.2 3E7T (NOT)

E1T, NFRONARZS, EREMFERIL 0 B 1 BN, FFEIH AR EME. WE 1.9 Bk,
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BT B —A PMOS @R Fl—A> NMOS @i 4R 2% Vv
%9 11, PMOS k& 7R S8, i NMOS S, P4 i Out 2 dd
BB F NMOS @b G R, Mgt 0o AHK, AN
0 ff, PMOS @& S, 1 NMOS @R & A58, % Out N

2] PMOS SRR RS, BRI 1, I':”>_ o
143 5i7 (AND) —

SITRA TSR M 1,10 ] DA s,
5T B NMOS 0. 1Y Inl Al In2 [N G 19 AT REoRE
B CHBAR 1) W, S Out 4 2% i i E GBS 1);

B Inl 1 In2 AR AR BT, M5 Out K R HLF GEAE 0), AT SZHl — ki
i SR
Vdd
1 1.4.4 53E"T (NAND)

SARTTRA A A S A — AN . anB 111 P, %

In2 B2 AN S T AN R TA AR, bR A s U S

IS 5 DL A e A B I AN FELER I — ANV LE ) R BT

MAZEIH R AR, 5 TTREET T B AR L2 R A7 1, E52bx

Out b, M5k RINAE SRR T, ST T3 CE TP iR 45 R
B 110 51mionar 2 Out 3, X4 TRE &, T %
fARIX— I S 1o R, S R EEAE AR T AT

NFAlTEHE, CARRAE T IZE B S T TR D45 G A .
FEE, N TG RES TR S AR, SRATANK EEEAT HE— 2D I8

JEWHE . X IBOGER L AT B EATIRABT FAH R N A In2

Vdd

1.4.5 7] (OR) out

BT EAT AR — N . B 112 B, %R
HLEK FH S NMOS g8 HEGE A . R % Inl 8L In2 1 &2 /0 <
HMNRANE T GEH 1D, BEae S, 785 H 5 out .
K HCE GBEE 1D WA SN Inl Al In2 #5A1% 8 F G2
#0) B, Hdii Out 4 &HHKEF G2 0. XL T 3 ®i S3E1e%rEE

no

11
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flpe s L (E
Vdd_

In1 In2

D o

(B Out

B2 8RB EE

146 fRER:E (de-multiplexer, DEMUX)

fift 2 EA AP . W& 1,13 o, ZHBE BN EETRRA 514
Ji, FFIEIE sel 5 5 RAZHIMEAS 5 1T 5 A R IR R IE W Tk FRThRE, flan, A
51153 % ROINVE B ANk FL i, W] DU sel 15 S oRig #RAEHIR— g, JFH in {5
AR P R RN o

Vdd

sel

K113 mEMHZE
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HTIZ B BN 2%, TR EAEH 07 508 STl . Rl sEma s, &
ERM RN, DME T .

A8 I B0 B R R 2

/I FEREBRAIN, 7 REHE in HIEH(ES sel

IN in, sel;

//MEH sel ¥ in Fd BRI A GG L, X EA AL a M b
OUT a, b;

/790t sel Uz, 5% n1

Not (in = sel, out = nl);

/AR in 5 nl WZEELE RN 1, WS a

And(a = in, b = nl, out = a);

//IR in 5 sel MBS R N 1, WHHSA b

And(a = in, b = sel, out = Db);

//EFNSITRATHATE, AT MR ARBICR, BT T A s 4 R

1.4.7 SR (multiplexer, MUX)

SR EA =AM —AN . 114 Pos, ZHEss— MR A5 —
AT, Bl sel {55 M a Ml b s — A RBEAT R 2 sel Jy 1, 23
a fEuMI Y Zsel OIS, 3EFF b oMM . R &I IR MR 4.

Vdd

sel

_| Out

K114 EH%



i‘l’ﬁZ‘fﬁ 5 I l-l—E—*H.QHEX %Wéﬁln =

AR S R B A

IN a, b, sel;

OUT out;

Not (in = sel, out = notSel);

And(a = b b = sel, out = ol);
And(a = a, b = notSel, out = 02);
/ /BT 01 5 o2 HikBE—AMEME N
Or(a = ol, b = 02, out = out);

1.4.8 S3¢l] (XOR)

SETE AN N — N H . @ E 115 T, ITHMBEANEEN T NS0 —
AE . HIDRE AL ST A BRI B A I, BB ANANASFIR, S 1,
AN N AR [FINE, oA 0.

Vdd Vdd
Vdd Vdd

ao al
(5 Out
K115 FE
T B SRR el
IN a, b;
OUT out;

Not (in = b, out = n0);

(
And(a = a, b = n0, out = a0);
Not (in = a, out = nl);
And(a = nl, b = b, out = al);
Or(a = a0, b = al, out = out);
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1.4.9 Z{I¢AEHEE

AN SRR AT RIS AR TR R SRR 2 AR I A RS . T X S L R AR
REZR, BATRSEAAE N 07 518 5 RS, S8 T i AR, UG E B AT 4
LR P o 2 TR LS 2 B T A0 R B AR BEOR BT R T, ORI 13238 mT DA
A SRAREOR fi A X L8 HL K

R EIES £ LE] (And16).

IN a[l16], b[16];

OUT out[l6];

= alo0 out = out[0

(a 1, b 1, 1) 8
And(a = af[l]l, b = b[l], out = out[l]):;
And(a = al[2], b = b[2], out = out[2]):;
And(a = a[3], b = b[3], out = out[3]):;
And(a = a[4], b = b[4], out = out[4]);
And(a = a[5], b = b[5], out = out[5]);
And(a = a[6], b = b[6], out = out[6]);
And(a = al[7], b = b[7], out = out[7]):;
And(a = a[8], b = b[8], out = out[8]):;
And(a = a[9], b = b[9], out = out[9]):;
And(a = a[l1l0], b = b[10], out = out[10]);
And(a = a[ll], b = b[11], out = out[11]);
And(a = a[l2], b = b[12], out = out[l12]);
And(a = a[l3], b = b[13], out = out[13]);
And(a = a[l4], b = b[l1l4], out = out[1l4]):;
And(a = a[l5], b = b[15], out = out[15]);

fER P EAE 5 Rt AR RS (Mux16).

IN a[l6], bl[l6], sel;
OUT out[lo6];

Mux(a = a[0], b = b[0], sel = sel, out = out[0]);
Mux (a = al[l]l], b = b[l], sel = sel, out = out[l]);
Mux (a = al[2], b = b[2], sel = sel, out = out[2]);
Mux(a = a[3], b = b[3], sel = sel, out = out[3]);
Mux (a = al[4], b = b[4], sel = sel, out = outl[4d]);
Mux (a = a[5], b = b[5], sel = sel, out = out[5]);
Mux(a = a[6], b = b[6], sel = sel, out = out[6]);
Mux(a = al[7], b = b[7], sel = sel, out = out[7]);
Mux(a = a[8], b = b[8], sel = sel, out = out[8]);
Mux(a = a[9], b = b[9], sel = sel, out = out[9]);
Mux (a = a[l1l0], b = b[10], sel = sel, out = out[10]):;
Mux (a = a[ll], b = b[1l1l], sel = sel, out = out[1l1l]):;
Mux(a = a[l2], b = b[1l2], sel = sel, out = out[12]);
Mux(a = a[l3], b = b[13], sel = sel, out = out[13]):;

15
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Mux (a = a[l4], b = b[14], sel = sel, out = out[1l4]):;
Mux (a all5], b b[15], sel = sel, out = out[l5]);
R EE S TR U R HE (MuxdWay16).

IN a[l6], bl[l6], c[l6], d[le], sel[2];
OUT out[lo6];

Muxl6(a = a, b = b, sel = sel[0], out ol);
Muxl6(a = ¢, b = d, sel = sel[0], out = 02);
Muxl6(a = o0l, b = 02, sel = sel[l], out = out);

TR & XTS5\ BSE S (Mux8Way16).
IN a[l6], b[l6], c[l6], d[le6],

e[l6], f[l6], gl[l6], hlle],

sel[3];
OUT out[16];

Mux4Wayl6(a = a, b = b, ¢ =c¢, d =d, sel = sel[0..1], out = ol);
Mux4Wayl6 (a e, b f, c g, d = h, sel sel[0..1], out = 02);
Muxl6 (a = o0l, b = 02, sel sel[2], out = out);

I B8 5 R USRS 4 (DMux4Way).

IN in, sel[2];
ouT a, b, c, d;

DMux (in = in, sel = sel[l], a = ol, b = 02);
DMux (in = ol, sel = sel[0], a = a, b = b);
DMux (in = 02, sel sel[0], a c, b =4d);

RO FE & R\ B Fl4s (DMux8Way).

IN in, sel[3];
ouT a, b, ¢, 4, e, £, g, h;

DMux4Way (in = in, sel = sel[l..2], a = 0l, b = 02, ¢ = 03, d = 04);
DMux (in = o0l, sel = sel[0], a = a, b = b);

DMux (in = 02, sel = sel[0], a = ¢, b = d);

DMux (in = 03, sel = sel[0], a = e, b = £f);

DMux (in = 04, sel = sel[0], a = g, b = h);

R 1R S LR 75037 (Not16).

IN in[1l6];

OUT out[1l6];

Not (in = in[0], out = out[0]
Not (in = in[1], out = out[1l]
Not (in = in[2], out = out[2]
Not (in = in[3], out = out[3]
Not (in = in[4], out = out[4]

’
’
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Not (in = in[5], out = out[5]);
Not (in = in[6], out = out[6]);
Not (in = in[7], out = out[7]);
Not (in = in[8], out = out[8]);
Not (in = in[9], out = out[9]);
Not (in = in[10], out = out[10]);
Not (in = in[11], out = out[1l1l]);
Not (in = in[12], out = out[l1l2]);
Not (in = in[13], out = out[13]);
Not (in = in[14], out = out[14]);
Not (in = in[15], out = out[15]);

il G 5 R NRLETTT (Or16).
XA BN ER AT B AR, RB AR SR E.

IN in[16];

OUT out;

Or(a = in[0], b = in[1l], out = ol);
Or(a = o0l, b = in[2], out = 02);
Or(a = 02, b = in[3], out = 03);
Or(a = 03, b = in[4], out = 04);
Or(a = 04, b = in[5], out = 05);
Or(a = 05, b = in[6], out = 06);
Or(a = 06, b = in[7], out = 07);
Or(a = o7, b in[8], out = 08);
Or(a = 08, b = in[9], out = 09);
Or(a = 09, b = in[10], out = 010);
Or(a = 010, b = in[11], out = o0ll);
Or(a = oll, b = in[12], out = 012);
Or(a = 0l1l2, b = in[13], out = 013);
Or(a = 013, b = in[14], out = o0l4);
Or(a = 0l4, b = in[15], out = out);

1.4.10 =nss (Half Adder)

SN PSS AT o B TS R N B P NMEDRAS BT S AE R bR A
Blan 1+1 SR 0, BELAREN 1o

IN a, b;
OUT sum,
carry;

Xor(a = a, b = b, out = sum);
And(a = a, b b, out carry) ;



WEZE %1 WENARSERES
1411 £mg (Full Adder)

SN PSS A — AR BT, B ng: 2 — AR E R .

IN a, b, c;
OUT sum,
carry;

HalfAdder(a = a, b = b, sum = sl, carry = cl);
HalfAdder (a sl, b = ¢, sum = sum, carry = c2);
Xor(a = cl, b = c2, out = carry);

1.4.12 FRUGHFIE (IsNeg)

ZHEAN R AR RN 1, B 1 WAERE NN T 0, R

IN in[1l6];
OUT out;

Or(a = in[15], b = false, out = out);

1.4.13 +7<fummi%=F (Adder16)

B ES A AL

IN al[l6e], b[l6];

OUT out[16];

HalfAdder(a = a[0], b = b[0], sum = out[0], carry = c0);
FullAdder(a = al[l], b = b[l], ¢ = c0, sum = out[l], carry = cl);
FullAdder(a = al[2], b = b[2], ¢ = cl, sum = out[2], carry = c2);
FullAdder(a = a[3], b = b[3], ¢ = c2, sum = out[3], carry = c3);
FullAdder(a = a[4], b = b[4], ¢ = c3, sum = out[4], carry = c4);
FullAdder(a = a[5], b = b[5], ¢ = c4, sum = out[5], carry = c5);
FullAdder(a = a[6], b = b[6], ¢ = ¢c5, sum = out[6], carry = c6);
FullAdder(a = al[7], b = b[7], ¢ = ¢c6, sum = out[7], carry = c7);
FullAdder(a = al[8], b = b[8], ¢ = c¢7, sum = out[8], carry = c8);
FullAdder(a = a[9], b = b[9], ¢ = ¢c8, sum = out[9], carry = c9);
FullAdder(a = a[l0], b = b[10], ¢ = c9, sum = out[10], carry =
FullAdder(a = a[ll], b = b[1l1l], ¢ = cl10, sum = out[ll], carry =
FullAdder(a = a[l2], b = b[12], ¢ = cll1l, sum = out[l2], carry =
FullAdder(a = a[l3], b = b[13], ¢ = cl2, sum = out[l3], carry =
FullAdder(a = a[l4], b = b[l4], c¢c = cl3, sum = out[l4], carry =
FullAdder(a = a[l5], b = b[15], ¢ = cl4, sum = out[1l5], carry =
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1.414 BHARZiEHETT (ALU)

PEAC BB B RTR, R — AN 5 IR ARZ AR T

IN
x[16], yl[16],  //PAttoNhrkA
7%, / /B = N4 0 ARG
nx, / /U = B AR S AL
zy, / /BB y A0 BbREN
ny, / /U y B AR S AL
i, [/ EEERREL, 1Rk (x + y) , 0RREEHR ( x & v)
no; / /i U bR B AL
ouT
out[16], / /N
zr, /TR RGE RN 0 KIbREAL
ng; /AR RENT 0 (BIREAN 1) ks EN

//Hzx N1, &S 0 (b:false) BN x1 Mt
Muxl6(a = x, b = false, sel = zx, out = x1);
//Hnx N 1B, BUR x1 153145 5R x2

Notl6 (in = x1, out = x2);

/ /8T nx M x1 il x2 FERE—AERIERN <3

Muxl6(a = x1, b = x2, sel = nx, out = x3);
/8 zy N 1R, A o fENFIH R vl

Muxl6(a = y, b = false, sel = zy, out = yl);
//Hny N 1K, BUR vyl BEIGR v2

Notl6 (in = yl1, out = y2);

/I8 ny M v1 5 y2 Pk —ANERIEN v3

Muxl6(a = yl, b = y2, sel = ny, out = y3);
//ARYE £ BRAEAL, ERTINEEREIEH

Andl6(a = x3, b = y3, out = f1);

Addlé6(a = x3, b = y3, out = £2);

//ARYE £ FRAEAL, HEEE £1 M £2 BT E ol

Muxl6(a = f1, b = f2, sel = f, out = ol);
//Xno A 1K, BUR ol £33 02

Notl6 (in = ol, out = 02);

/ /i1 no M nol 5 no2 FikFE— 4 RIENHIHE] out
Muxl6(a = ol, b = 02, sel = no, out = out);
/I EEIR AR RN 0, SRR zr1

OrleWay (in = out, out = zrl);

/ /U zrl 153 zr

Not (in = zrl, out = zr);
/A AR ETSANT 0 (BAIEEAAN 1) , R#HE ng
IsNeg(in = 03, out = ng);

Ft, R ALU SEILC 258 M. WA H AR AEE U, ALU 2 Wi i 2
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HEZIE &1 HENARSSRIES

TG4 B AT RIS E RS I
1.5 D kR B5 H4E3ET

FEZ R TTH) S B RE, FATHE R — Bl i, RGtatin h U R . R
SRR E, R AHERE T s B WA, BB A S EUR AT A . AT,
P2t — RIIR SR, XEARSAEPATI S A P TR A R . IR Ee S IR 75 A
FERFE AL B L, A T I 2 0 DU B A B A . AR PR IR I A6k o
TCH) AR BB e L ST

1.5.1 RS fiik2E

TEVEA 4 D il #e 2 1, FRATE LT E 1 E RS il k&, 4 D ik #8 v] AR
RS filt R 2 TR AR, B FETE RS filik 2% 5L AE 36 T i B ik gz i o

Wik 1.16 s, RS filk 282 HmA ST (OR) FENETT (NOT) HEAN . &
BAWA NGB N, e M R {83 Reset M4ES, R N 1K,
Hithom Q M E N 0, RN Q¥ N 1 3 =AM A S K Set 45, S N1,
Syt Q ¥ BN 1, T QHIHN 0. TEEURAFAEMITERT, @W R HE— Mt A,
Bl Q, A T. MQMMERE, RIEMRES, S KIEMHLEN.

T EE R AERE RS fil R B AR IR EE, FRATE o BRI B TR TR, R
TESEBR B, BATTAT LA 2 A ile— N SRR 1], B NOR (7. 338 dn AT A a2 1A 1.16 H
MK, B RN EERRS EEEHAEEEE KKK, BETREUTRER T,
I 4 e = W] SCI A DI RE W 2 X2 PR, BRTTAIEET TS A o R vdd, X
BEMEEATNEES T — NN . XA/ FEFRRA B R 1S v, HEim
S Q I QI . (HSERAE, B R IS AT, WEBEETIRRRHE IR
Ao Bk, FRATATCABIA, RS filR 28 B D RS2 H L A S F B SE IR B4, a2 Q
ook CRISZE 1 5 0 D)) We? dxXml L@ ] R A1 S 14N ME 5ok SE 8

K117 352 RoR T RS iR 2300 TARJEHL., MEZ-AT A, S REAN 1K, i%E
SYERASBR—IIMA, 4k NORI 143, FAPBRHH N 0. #4E, XA 01E NP
‘=18, £ NOR2 15, SBAMHEEREN, X—HbdgRLhr BT RE
WIEMIN . B, T R BRI 0362 1, W T B bt 2B —1F NN,
NORI [ TR AR N 1o X5, I8 PRANFREARME 1 N, 1T DAORERr 45
REEE, MNMSEMBFEIhRE. RN, HTPRIMHEZLRN 0, Q umiH it —E Ik
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N0, SEHLT Reset (EA0) MITNREE,

NOT
- / o
0 —  » Q
)= G Ty
®
)= )
e
5 )
\Wm ® C} (3
Kl 1.16 RS fihk s B 1.17 RS il #% 0 T AF R EE

I E 117, PTRHES H Set 5. BRI 1B, B2 NOR2 1, 33
BBRAMSE RN 0. X— 0 HMEENPBRANMIAN, HELd NORI ()5, BB
SRR, M QMimai RN 1. AN, PR EEAPREMMA, X ERER
UFIH SHARN 0, HTFBE=CABNRTHERIEMNRGEHN 1, Set FIBIAFBURMA
PASEIR o

2t LR, BB R 5 S ARBEFR N 1, HEERETEAHE. MK, YRI5 SH
B0 B, BRI, FETIX R, w LA — b S H HAE R 1.4,

*x14 HEEX
S R Q Q' B E
0 0 0 0 TiFr
1 0 1 0 WwWHE
0 1 0 1 HE
1 1 1 1 ZvI¥as

15.2 Dfihkze

RISCOHR M, D Rl 28 7E N RS fil R 28 38R AR, & A% O 2 7E T8 RS fa N\ &5
NN D Fi N, R CLK (80D {55 kil fl R 2% PR AL, XS 78 B 1 hg
FCFHD SRS R . WE 118 Aizn, D ik 85 /245 RS fil R 28 (566 _E 380 1 %4> AND
ITAI—A~NOT 7. 4 D#IAN 1 B, RRTHEEWAT Set #:E, I 7FESERF CLK 554
N1, RJEED AND2 [I1ER, ¥ S HAuE N 1, LLSIHL Set g, M, MDA

21
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N OB, RIRTFEAT Reset #4E, MEAESiEIL NOT ' AMHEAZ AN 1, FHFHY CLK 55
910, J@it ANDI1 [75R52H Reset 15:4F .

- R
AND1
. ————» O
CLK —
S o——» O
AND2

K 1.18 D fik#s

WIS —NKETI M NOT 11, AT PLR I Hi% #2047 Set i‘%J’E & Reset #:1E. P AND
I T3 X P R 3AE  (Set Al Reset) I Rt . CLK I 2 Ry IR UER) (FRAT]
BAESG LT VRN, TR IR T s g ERTR, BRAMS R TR
Al N A B ThRE I F R, X B FTIEN D k48 (DFF).

1.5.3 bit——{i L

Wit %5 DFF (D ik &%), FRATATDIGEE — bit—— (L2 8% . ERXAN A7 8
Hr: G store (554 1 I, data A 2N A BOFHAAAE: & store (558 0, MIZFAFEE
Ab TSR, A I e 2 Bl 3 out B, IXRE IR BT RERRAE bit.

IN data, store;

OUT out;

DFF (data = data, clk = store, out = out);

1.5.4 +UFFESE

I HEZA bit, FLUE DN Z AN AR EH NS0
store {55, FACRITA bit 2D —, RIFE HEAT 8008 (077 i B R A o« IXFEAD T3S
SE T IERAE AN AL B A A

IN in[16], store;

OUT out[16];

Bit(in = in[0], store = store, out = out[0]);
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Bit(in = in[l], store = store, out = out[l]);
Bit(in = in[2], store = store, out = out[2]);
Bit(in = in[3], store = store, out = out[3]);
Bit(in = in[4], store = store, out = out[4]):;
Bit (in = in[5], store = store, out = out[5]);
Bit(in = in[6], store = store, out = out[6]);
Bit(in = in[7], store = store, out = outl[7]);
Bit(in = in[8], store = store, out = out[8]);
Bit(in = in[9], store = store, out = out[9]):;
Bit(in = in[10], store = store, out = out[10]);
Bit(in = in[11], store = store, out = out[1l1l]);
Bit(in = in[12], store = store, out = out[l2]);
Bit(in = in[13], store = store, out = out[13]);
Bit(in = in[14], store = store, out = out[l14]);
Bit (in = in[15], store = store, out = out[1l5]);

1.5.5 SNFEFEHHNEFEE

B 2T ATH S, BATTLAE R E KA B AN
1. 128 bit FEFRAF
{ER AL A A A%, FRATAT DA — Nl 8 A 16 L1 2P A7 A L A1) 128 L7 A7 48 N

1%, itfE RAMS,

IN in[16], store, address[3];
OUT out[l6];

DMux8Way (in = store, sel = address, a = storeA, b = storeB, c = storeC,
d = storeD, e = storeE, f = storeF, g = storeG, h = storeH);
Register (in = in, store = storeA, out = 0l);
Register (in = in, store = storeB, out = 02);
Register (in = in, store = storeC, out = 03);
Register (in = in, store = storeD, out = o04);
Register(in = in, store = storeE, out = 05);
Register(in = in, store = storeF, out = 06);
Register (in = in, store = storeG, out = 07);
Register (in = in, store = storeH, out = 08);

Mux8Wayl6(a = ol, b = 02, ¢ = 03, d = 04, e = 05, £ = 06, g = 07, h = 08,
sel = address, out = out)

2. 128 byte FEFRNEF

R RAMS S8 iR FaR b T 4L, ol AR — A BRI NAE 5 o AR R,
TERSMIEAL I TE R A T AR, IXAERONRERE A A BRI N, kA7 ) 98 th 5 AR

~e
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NI, RIS ESTEIR BN AF e, (] T Hp i =L hE ZRE ik ik i . XA A A
JE I NAE G R ICHE RAM64. OB 64 DN EA7as i, BEAFAFAE 16 A0 (B 2 5271),
LR B TS 64X2=128 Fi.

IN in[16], store, address[6];
OUT out[1l6];

DMux8Way (in = store, sel = address[3..5], a = storeA, b = storeB, ¢ = storeC,

d = storeD, e = storekE, f = storeF, g = storeG, h = storeH);
RAM8 (in = in, store = storeA, address = address[0..2], out ol);
RAM8 (in = in, store = storeB, address = address[0..2], out 02);
RAM8 (in = in, store = storeC, address = address[0..2], out 03) ;
RAM8 (in = in, store = storeD, address = address[0..2], out o4) ;
RAM8 (in = in, store = storek, address = address[0..2], out o5);
RAM8 (in = in, store = storeF, address = address[0..2], out 06) ;
RAM8 (in = in, store = storeG, address = address[0..2], out o7);
RAM8 (in = in, store = storeH, address = address[0..2], out 08) ;
Mux8Wayl6(a = ol, b = 02, ¢ = 03, d = 04, e = 05, £ = 06, g = 07, h = 08,

sel = address[3..5], out = out);

3. 128 KB HHERREF

L BT sy Ak s 2, RS E 2 AR AR,
ALK — 5 BIA . RAM32K AAE —MI & 32X 1024 N FAERE I NAE . B AEAE P DX RE)
WAT, WLEZSESN 64X 1024 N7 . FBRAGANTFAHE 16 67, Bl 257, FEE
THON(16/8) X 64X 1024=131072 717 . RAEHE F 16 frHihk LGV A 65535 M1 (A
N8 MR —ANFHT, 16 MLRARHA T WHAETEED, Hi TN FR5E 16 17,
SERR AT ] R SN T — 5, RIRRESE A ORI IX 131072 TN AZ 2 A X AR
THRER IR T AR ORI A, R s T U5 1] RS

IN in[16], store, address[1l6];

OUT out[1l6];
DMux16 (in = store, sel = address[15], a = storeA, b = storeB);
RAM32K (in = in, store = storeA, address = address[0..14], out = ol);
RAM32K (in = in, store = storeB, address = address[0..14], out = 02);
Muxl6(a = ol, b = 02, sel = address[15], out = out);
+
1.5.6 ’J\gn

I, ORI T B 16 AL AF AR BRI A A7 o IX e A7 a3 AT DIE N A A2
—HRay, EFTULRAGE ], SRELEIRN 16 MAAHE T  JuETRRIE, TA DRI A A7 A
YN ax RSB TR 4D, N T FBARAEB IR, AN T — RIS H oA
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T REEFF ST RAIZ A SR, JREEZEAERS . A, ATIRIRA
R T BRI AR R, PR R A SRR EOR, TG T —Hm A
I,

1.6 #GELHIHRE

£ 1.5 i1k, FAGE R B A Sl SEOE AR . — Biigii g, Bieid s
NS R DA miE . R E RIS FIRAE, MHR RN IR R, FE
e NG . AR AT LU T 5 iR Bt A R #RIERIZAT T — %484, ERXMULE
XTIEHEME, XFERERIEE AR, JCHREW KT S R . Mk, FE—A
RS (EIRG ) kGt — o trm il TIE. B, S5 ANNER, RLERNAS
ANFERG TR EE AT L. PR ERIA R R T, R RRAE R XFE, "L
AR S 11 £ i Hls £ 2R 8 BEAT B HOA 2 5 N AR, T SEBL N A BN (RIS
CLKD. WIRVIAFHAEL T, R IR, FERRBEAAPERE. N 1 i RaX AN R, w]
PRSI — AN 58 B BT N AF . XA RAF R A B8, Bl D B AR B, A
MR THEAREBE -

UEAt, IR & HIEE AN ThRERAF NI 8% Bty as B AL TR IR, i
T S DD T K IR ARG, BATRT LUK A e oy a], - AT ik B B 2%
IS TA] R 5 o

AT S i B G SR, B 7 Rl iR HLSe L, AR 1 P T A0 F) R i
o VEE, AR EEH MIRARRAN VI AR, T ) R K o R 12 A
, WHNEHFWEA ORI R, KL, BERETRESERILET (R IR
Z0iZ 4.

WA EAEK 1.19, FTLERSIIAMEARTRGEZ ) X 5TTH0 % H Vdd
SRRV AR TR A S, TR T A A e DERE B 5 T 5 — MR
o XFPECE QIR T —MRBUE, BRI RS RS .

t

| And

R I LIRS F o
(1) MRS YBBN , Voo AGTRIBEH Y 1D, R4 T

BRI 0. WAL 5T, B 0. 8/ 0 BEEBIRT, HE1TH

AN 1. o

2) H5ITAE—NaAN 1 UREGEHEN), B—MaAt N1 CkE
T E D . Fik, ST HEEE AN 1. K 1.19 R
(3) XA 1 FIREEERAETT, AR PR HEESR 0.
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HEZIE &1 HENARSSRIES

(4 5IIm—M A 1 RGN, H—MAZ 0 CRAAEN M. FHit, 5
T AR 0.

(5) RN AWES, SESIIMEETTRREAE O M1 Z LB, TEkEH
5K A 2 A R -

76 Out JE AN —A51T, WAy 1R, A —AIES AT T X R IRG 1
TR IR

1.7 CPU #9485,

HISC/M 4 T ALU 4K, EEHFE— 58K CPU. H%, BRI, X
AT L R AT AT FAT B 4L rE s ok, BBCHER S A Ash, BElsb 5N
FARIERIE . AR TEIXEA S, [ CPU BINE M AE = .

1.7.1 PCit#iss

1.6 TTEN ARG 4, #&2] 7af PhdE e B kB oA . 2811, H T B Edm AW
BAEA RS R T a7, BULRREA —MFE KA T BRICR & E AT . X7
fitg 25 (8] W IR 7 I 2 [ 19, (E AT DB — AN MR el AR (A B sl s U M5 B, ek
AT HOZ IO BRI SRR P A . XA R et 2 T AR i ey, A
PR NI IREI A8 (IP, EORGVEAING) . BIP Iy A 2 MThag, b store Ih
ReH TAAB 4 AT bk, inc D RENMIEFE Y BEU8 7E L AT bk Ko ait b B Zh Bk 2 F — %48
4, T reset fe W vl UL B Y| AR P TT A0S

hEES:
IN in[1l6],store,inc, reset;
OUT out[1l6];

/ /Bl pC WERH 16 L7788 (RN preout) AT II—#AE

Incl6(in = preOut, out = addOut) ;

/7P AT E R B R B (RIREI—) , WRFE, WK addout MitHELERIMEN o1
Mux1l6 (a = preOut, b = addOut, sel = inc, out = ol);

//FIW A ET R B PATIN—#AEE 2 store #4E, W45 RAFHETLE 02

Muxl6(a = o0l, b = in, sel = store, out = 02);

//FIW G ETEAE RSN reset (RIEE N 0) , B85 R o3

Muxl6 (a = 02, b = false, sel = reset, out = 03);

/ /K LR RS RGBT A7 A, RTEAAAE I EID K 45 R H Bl preout, PAE R IRAEA
Register (in = 03, store = true, out = preOut, out = out);
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172 EiF=H

CPU WHBC % T 24 16 frarfEas, M THUWH P AR . X404 A 7F
74% (ARegister, K A) Fl1 D 774775 (DRegister, fifK D). A T FasEEHTHITEAR
FZHTHE . Ui 7 hg eyt bl DL AR AFFE 2 sthht, 1) D 7728782 7 — N2 Ihatd % 7
S X THE RN T3 T BE A R 1) s A AN R e M 2 DG B

173 TIHEEEN

RIS e e “REF” X —iil. ERiHa ooy, JATEZ R HMALELI N 16
fr. REBAVELIERE D A &M, EiZEFIFAREEFIHEERIEIRE. T2
CPU HUATBR A BRI RR R, BATH AR R B ohRe. B, 7EEl BAkrTh
REZE S M 1.20 Fos, iz 1382 TIREE 3o

FRAL I3FOIAARRER, BRIAME N
FRRAL 154 TR 548 4

PR RS E XY BHRAEN g ORH AR FEIAE 6 2
s A} r Yo i) r
’0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15‘
L
4 A SRR SRR A
URh%dE, 2k

B 1.20 #R4MEEw X

1. BEIESENX

EE 1.20 F1, 565 15 A H T X4 4T ie 2= 1H H R A Z2RAETE 2. 245 15 78 0 I,
FORZIE A NIRIEIE 4, MRS 0~ 14 A FE 2 T5 ZRH % ARegister 754728 AR . AT
CF2El, ARegister MY TIHHE, @S HOEERIE, RGN FEFEe. AT5
RIS X HF, AKX — S E AR 2 AR, SR, X M SEbral
EUE N O > — 67, BT 0~ 14 A H - TAA6a 5 . EETR 4T, HAhfr e SOk
A

BEABASEKENN 6 £, XZERNIEME ALU I, ENT 6 MriifF. 1X 6 A 5iX
6 MFIRFF——XF R, MR T % 1.5, ZEBVEME L TR 6 A4l & R4

M R M AT ARegister 76 12 bk, /2 B Ui Z R IR b 30 . 2 HiES
(1) 6 AL s 5 ALU XN AN 1.6.
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HEZIE &1 HENARSSRIES

F15 6MASIIFHIESR

A AEIRE X 11 {iz 10 fir 09 fir 08 {ir 07 {i 06 fi A At &

0 1 0 1 0 1 0

1 1 1 1 1 1 1

-1 1 1 1 0 1 0

D 0 0 1 1 0 0

A 1 1 0 0 0 0 M
D 0 0 1 1 0 1

1A 1 1 0 0 0 1 M
-D 0 0 1 1 1 1

-A 1 1 0 0 1 1 -M
D+1 0 1 1 1 1 1

A+l 1 1 0 1 1 1 M+1
D-1 0 0 1 1 1 0

A-1 1 1 0 0 1 0 M-1
D+A 0 0 0 0 1 0 D+M
D-A 0 1 0 0 1 1 D-M
A-D 0 0 0 1 1 1 M-D
D&A 0 0 0 0 0 0 D&M
D|A 0 1 0 1 0 1 DM

# 1.6 6MHIES ALU X R

ALU CH< ALU Ci%
zZX 1147 ny 08 £z

nx 10 fir f 07 iz

zy 09 fr no 06 fir

ZEik, BAICEKAE T LidiE 4w 5 ALU XN R —8E. B THR4SHEnL, it
AbIE R H AR PIANFE S BT IRUE 1525 W SR HoAth F8 A B, W L E AT TR .

YRS —MES 0, BERRZT ALU TR A 45 B2 0.

XFT4E4 0:101010, MIRAAHE—MIFMG, & NEALHE LT,

B0, For zx WAEAERL, T 2x 7E ALU RN x BN 0.

%5247, For nx HAMEAS A AR

5340, Ron zy WALIRAS AL, 1 zy £ ALU HREH y BN 0.

5447, FoRny AEASAER.

%560, Ron FUBAAERL, T £ 75 ALU AR xt+y.

%6 7, FIN no AR A AARL
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I, 054 IREIZE RN 0, XRAR N x My #g R E N 0, FHIATINETH G4
RHRAO.

X484 A+1:110111, ML —fMras, SRS L.

%A, FoR zx AR AERL, T zx 7E ALU H RN x BN 0.

5207, FoR nx HALTEA AR, T nx 7E ALU HARZERXS x BURC -1,

300, Fon zy AR AR

%5 447, FoR ny AR A AR T ny 4 ALU FACEN y BUS . S x 48U N-1,
oy A WA N My BURGEHIE N2,

5 AL, Fon fIbAE, T fAE ALU AR xty.

6, TN no HLANEAAERL, T no £ ALU HRER x+y &5 U .

HILAH, AN, A+ IRASMIREIGE SRR 2, FATESERERE-1+ (-2) =3,
PO BRI E] 20 XFE, FRATATLLE H, BEARMEIRS RGO RENE EM, (H2i%
B ALU R8BS P BRIZ 0 00T, e 19 2 Er 1 45

2. FHEESENX

TEE 1.20 H, 3~5 fifli e SCAAAETE S, FTHE/R ALU tHRE S RNAFE A B . X
3 hiFoR 8 FANFIA7 72, HARXT RNk 1.7 fs.

F 1.7 EHEAXIEE

05 fir 04 fir 03 fi BricfF 4 R
0 0 0 NULL | BaieEgs R
0 0 1 M W BIEAAER] A T AF R E 1A Ak
0 1 0 D W HAEAFE S D FA7 AP
0 1 1 MD BEARAAHBINAES D AR5+
1 0 0 A WBIEAAER] A FAER D

SR EE AR A FRAF AR E AL,

! 0 ! AM o SR SRR ) A 258

1 1 0 AD R lafr 2] A 17385 D A

BEARAER A FE8E. D HFERULME A FF
IR E M NN, T BRI, Sk
A g I A tE, RGBS A E, Fe
F kg B

1 1 1 AMD

3. BEEHESEX
FEE 1.20 7, 0~2 ALH0E SONBEEEHR S, HITHE CPU WRYETHEL A5 R HIRE P 13T
WY o 31X 3 AT RORANFRIBb 2, BARR AR 1.8 Fos.

29



30

HEZIE &1 HENARSSRIES

®1.8 BAESEHXNE

02 fi 01 fir 00 fiz By 8 & 71 R
0 0 0 NULL Apki
0 0 1 JGT AR KT 0, ifout > 0
0 1 0 JEQ B AER%T 0, ifout=0
0 1 1 JGE BHERRXTHET 0, ifout = 0
1 0 0 JLT WA RN T 0, ifout < 0
1 0 1 INE WA RAET 0, ifout!=0
1 1 0 JLE BHAERDNTEHET 0, ifout < 0
1 1 1 JMP e A Bk L
1.7.4 CPU =%}

fE T T CPU WM Z )5, BATGRRE P THEGES 1 T — 2% 18 S WA &, FR
CPU AN S 748 2 51, IRl ALU BUTTHE .. A T EIIX —id /8, thabk
KT HIE 5 R SEHX — ThRE .

IN

//inM: AT A AL EXT N T A e A B, RONAE B AL IR R AEATHE 4
/ /BT CABEES FEAN A0S A 254728 13 XOR BUE L A2 P9 A7 Rtk

inM[16],

instruction([16], //HHHATHITFES

reset;///EHEE CPU

//out: &R

OUT out[1l6],

//FRERETS TS B N AF

writeM,

//TREE RN AA L. T IO L HTTE & R e 2 T E R 4
//BAVE R Em A ThRE, Bk ARk A 5D 1 —A
addressM([15],

[/ VBT — IR R EHAT [ bk

pcllé6];

/ /FIBT A HTIR L R B TR R

And (in = instruction[15], out = 1isC)
/AW AR TS ABRER A AE, B A F i A A7
And (in = instruction[1l2], out = isM)
//HIWTHET R BN A KA METE S

Not (in = instruction[15], out = isA)

/ /%% store N1, REFMHIES, WK 0~14 i EiER] A R

//# store N 0, REWFHIES, WASHEME, HLESK A FAMIMEEIE] addressM H

/1 IERFAGFE L E W — 0, FAJEEAENTTE 0, A A 738 il RefRaR 2 A7 ik

ARegister (in = instruction[0..14], store = isA, out = outAR,
out[0..15] = addressM)
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/ EBE TR EAERAA NN A EIR A A #7478 H01E

Muxl6 (a = outAR, b = inM, sel = isM, out = cdata)

/ /EEH D F A7 A

DRegister (in = false, store=0, out = outDR)
[ /SRR EAR A, BT CHERLE

And(a = isC, b = instruction[6], out = no)
And(a = isC, b = instruction[7], out = f)
And(a = isC, b = instruction[8], out = ny)
And(a = isC, b = instruction[9], out = zy)
And(a = isC, b = instruction[10], out = nx)
And (a isC, b = instruction[ll], out = zx)

//1@11“ ALU BHATTHERS, ERTERER AR — A 45 R H B AR & outanu H
[/ A—ANERBHE outM H

ALU (x = outDR, y = cdata, zx = zx, nx = nx, zy = zy, ny = ny, £ = £,

no = no, out = outALU, out = outM, zr=zr, ng=ng)
// ﬁﬁ%‘ ()
And (in = instruction[5], out = storeldh)
And(in = instruction[4], out = storeD)

/ /XD RN T RAIE L3 e I 153 48 T v 1
/7ML EAriEi A 5§ p HA4ES, Flun

//Mux16 (a = outALU, b = instruction[0..14], sel = storeA, out = storeAD)
//BARegister (in = storeAD, store = isA, out = outAR, out[0..15] = addressM)

ARegister (in = outALU, store = storeA, out = nouse)
DRegister (in = outALU, store = storeD, out = nouse)
/ /FUT T 2 S TR

And(a = i1isC, b = instruction[0], out = 1isGT)

And(a = isC, b = instruction[l], out = isEQ)

And(a = isC, b = instruction[2], out = isLT)

//FIBA TR T LN T 0 BhiE
And(a = ng, b = isLT, out = isLtJump)
//FIBT AT R SRS T 0 Bhi%
And(a = zr, b = isEQ, out = isEgqJump)
/ /B NF ST DRI 25 RS
Not (in = ng, out = notNg)
Not (in = zr, out = notZr)
//RIGHET 5HE, o EEGE 1, MERELN 1, RRHSETRT 0
/ /B ALU HEER KT 0
And(a = notNg, b = notZr, out = isOutGt)
Nﬂ%%ﬁ%%ﬁ?o%%
And (a = isOutGt, b = isGT, out = isGtJump)
[ /A PTE B FIRT A R, e R R Tk
Or (a = isLtJump, b = isEqdump, out = isJump)
Or(a = isJump, b = isGtJump, out = jump)
[/ RVEREE, W A ZAA7E AR R Rk, KBk bk AN TR s
/ /AN BB S, W inc n—
//FFHIRET—%464 pc

PC(in = outAR, load = jump, inc = true, reset = reset, out = pc)
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2, CPUMRITCETEM . ERSLHEFEHAE S, EEEATSCAAM TR e s
B o T & A S, XM REEFERNRB TS, 8 FEEHEEHE . R EE EREFIX
SEHESE I R I AR AE R, R 2 ST B B R B R oy, XA BT SRR N B
figk CPU ) TAE R 2

1.8 FHHEBLEG 4E %,

HISCHEARERTT 7 CPU 4L, BHEHNMKTHE AT (ALUD. fFiEHoc (FfFas)
PL S NS AL o RV A SOR B ARSI 5 R B AR S, (O S Ak i A 4
Rigml, TUABRAE B EANE 2 S AFREAT L E A, WAEAES CPU Z5HIIIHTIE T,
fEHAE RS 5 HARH AT S e ? AT AERT SO B b, 3 — D HER IR IR AL 58
B, EI IR W SEI CPU 5 H Al AR B R] LA

181 AiE

FESCHL CPU it fEd, JATAIA Ak D> A, XL THTX 214, Bt
f£ CPU W AR ISPz AR AN S o IR R > THE otk gitit. = CPU 54hix
FIAT AR, W EE L MRE gD A eV S A . IR e bk i g bt 05 A
B NMRIE: Ge—Gm it AL G bk o

1. S—4wtlt

Gkt 7 AE 43 VO Wbk 5 A7 b AR [R], HOL AFE TR4E 1O % ml LG
BAENAE—FE (RIRTSCIRBNM) M) 28T, FLhomid, Fo Ak — B4R € /O 22 Bk,
AN RE PR A AF BB IS RE B T A2 AU ) Bl o XA PR DI Sk IAEAR R 1 2 LAk
IR %, lan, BF%: (screen) Hd##: (keyboard). 4i—4mht /5 =\ ¥F CPU 544
FEBEE, EAHNM, X5 N Ak % 2 52 BIRR I o

2. IR EmAE

S8 —gihb AR, L gmhlR T 5 N A RS R 0 B 1O dihib s Ta) . AL A T O
Fk S N AF U IE AR5, St TR A ER o SRIMT,  JRSZ g bk (R A T 75 2 B
SRR TR R, DUAIRA AR TR S IR IX 7 A0 U WAFIE /& 1/0 . Bk,
M7 Gk 7 E L KRS, B30 x86 ZLM Y IN M1 OUT 454« X Ff bt 75 X RE W
TR Ah R it keI, BRI T RGN R PERTE SR HR .

BT SO ik Iy A E, B T RE O HEN H AR SR FH 4 — Stk 7 XSS A A
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Wit IXFP R THI EEARABAE T, TAUES CPU BRI a2 fn e HoA 2B . S — ik o
VFNAFEA 1O W& 3L AH Rl bk 23 (8], AT 2 25 f A R G 5L v A S g 7

IN in[16], store, address[1l5];

OUT out[lo6];

/ /RS 13 MRS 14 AR A —gRbk I .

//WUREE 14 672 0, MARRIATE @ AAFERIE: RN 1, NERRHARE A5 O

//F AT XA, ARy R SR, Hrh o AREFR, 1 NARER

/ /B store BAENHFEILE] storeRam. storeRaml. storeScreen Al storeKeyboard

DMux4Way (in = store, sel = address[13..14], a = storeRam, b = storeRaml,
c = storeScreen, d = storeKeyboard);

//#4E storeRam 5 storeRaml MR, FAEATHARTE L A f75(E

Or (a = storeRam, b = storeRaml, out = storeR);

/ /AR A R A A

RAM16K (in = in, store = storeR, address = address[0..13], out = outRam);

/AR E TR, TR AR AR B S DA NI N ES . R A AR E AT A
// EIE PE SR A AF IS, A8 A P 28 TR B A 2, DTG R s X 8 4 ) 2005
Keyboard(in = in, store = storeKeyboard, out = outK);
/7R, R B BRI B AL B, Ab R T S A [
Screen (in = in, store = storeScreen, address = address[0..12], out = outS);
/AT AR, RS A8 H T AR IR B E R A
//MITEIR B, 75 ZEARYE & FH 23 £0R (Rl AN 2H 1 (1 25
Mux4Wayl6 (a = outRam, b = outRam, c = outs,
d = outK, sel = address[13..14], out = out);

1.8.2 EigE

W RAHAT [ 2 RE PP, Qi B A, AarR it e RNt SR, FEE AR
MRk, tHEALIREH M F s, XMW &R E 2 B NSR . X mwit, Tl
MRV, FE AT AT SCHT IR A A RUONTHRNLAOARSE BAE T 2, IR0 1.1 3R 20 “ 3t
FNLA T 7. FEA T, BATZEPHEL T BRI it e, SE RS B
WARA B SE OB R, AW R 2 RAA A7 BAh, I REA, TTas i
AAEH & WEARR M At WASEREREICIFMAE, A b
(7K 32 o

1. Wi

FERRTT R BN, FATIR B LA A NI A . BEE R D, #iAEIZ
B T gl Oy ERAA T2 I BRI S B ES . IR XIS R,
FE RNt ZEff %O LB A R A RS EWT JE R = Bk . HHAE,
BRI IS AT, (HHAFALAIFE TR0, R, FR'S AN, R R R B2
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BG4S () 52 55 5 B SRS LA min DAL, BT 7200 F/mine 52 0P H, R AT R U LA ps
GidkAT . Bk, fERZHAED T, A2ik CPU B E UL A B AT V5, T SoKe il A
HE BB N AE T, RN )R 8: CPU R I TN B o X RGBT Rt i i 1 TR,
[N R T R 0 22 S PE AR E 1

2. AFESSE

N T RRAREA, WA RIS AP Sy . FEZBIRIPTIR R, NAF 22 H Register G
MR, {H T Register FIRCANE &, KIAE CPU WHERH T w748 S &AM A 117,
HA T 72 AR AFAT SR T Register 2% . A T 33— 20 FBRARARAR IF0 2 WAF I 7R, &A1
KH T ARG TS, X2 H AT WL N AR T & .

3. RigfFf#E=% (ROM)

PAT I ERE BB B A R, KRR Bl v DL 2 A7 i /E ROM .
ROM fJ— M RZEMHARE, BIEER IO, B aE IR R A7 I BUE A2 . SRLEALE,
ROM [ — AL EZRFEAAE (EDLEBAT IR, XEWE BTSN\ ROM,
UL FN AT 2 s B . 2RT0, A F ROM ARt 7 AR R k. B,
FETT SRR (AT i 2 R BeAEfd s (EPROMD o, AT DL 50 /MR IR S SRR B it . ASEELL
R ER R .

1.8.3 IHEH I

WEERT T A AR, S Mz Ca M E 73 S ENER, R BT
WLRG RN T/NE CPU, BATH AR T B ohd AR RE5H . M R A HES B s i e
T, CPU KA DI R T 27 A7 48, THHEIhe MO THia B o, e R E
BLRG T, RGAF D REWOM T HEBL A A A7, THE DI RE NI T CPUL. R MR EF,
CPU AL 2P BEAMOE S GHFENLAEAE CPU), HEMTH & T EAR
AT

AFA PR R EAR, et TR/ ARER T BN R S, G
SR B SORT Web IR455, #AREL 7 ARAR et 3 . XA EAR BT T A BRI, W
AT R R BORIE . i R AR, S R IR AR BN R S
A2 AN TAE R B

IN reset;

/ /M ROM HEER 4

ROM32K (address = outPC, out = instruction);
//PATHRA, JEEREUT — %5 A Hudik

CPU (reset = reset, inM = readMemory, instruction = instruction, outM =
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storeData, writeM = storeM, addressM = storeAddress, pc = outPC);

/1T R RAEE R A A7
Memory (in = storeData, store = storeM, address = storeAddress, out =
readMemory) ;

1.9 M LIRS 28 A%,

AT I R A AR, b B A R 4 i 35 A Al SR 55 5 AR AR A5G R, DUOInIR
BTN A B AR IR Re s g BRARC A VRN, il /M e k55 ?
FIFEH, BRORCZA TSRS 4, e 2o a1k RER I, iR
KA T AT SAZINRTf DR 0 2% iR 55 R [ 1 28 F) 45 R 2

1.9.1 BRWEIRS

T3 A £ g S e R AT E B 20 28 60 AT, R TE AR LUK I XS
P2 A AR . XA B AR L — NS, AN RITHSEALI ] Be 8 TLAR IS . Bl
IS RIIER, LR 1990 e, M « gl 2= 1 5 58— 9 T B 2 A0 k) T
W5 4%, FrEE HAEMBTEAE, JEHESD T IR R R A R . IX — kAT AT
THEHLNE B BN 1 AETH L R AS e ot BB I ALK 4HERS , et — DAy Web
55

KWLt FPEH S CPU A BB AL IE L LA TH LA B 5 e & IR RE Lk AT 25 EE, R
B RN (X — DR AR R SR 5 FR AT VEAIRRE ), (BE AT A MR ] 5 X S 2858
B, RV EALS TR, SCUE B At s, B 1.21 St s 1 M55 51t
SENLAIXS EE

A 1.21, ATEVE B = IR BAR KRN, (BAE AR AN STl B AR B2 22 7
EATHER AL Joxt LU A, 17 Al 5% 2 753 HL DN 3= ZORSB A8 A7 il 10 €, SO A7 A
HaEETRe . QORI SS & 0 TInfd a4, A e /e Rt al BL S s 5 e M. A
BOH MR, KRR RLSE R KIRARAT o

M, H—2kiE RGN, BURAA TH2? FATR LLRBTHT A AR 2554
WA CPU I, BRI EHIGHIALRE, ARxs BAFRE, SRR A bR S A
ALU BT, R i 45 IR B JE 5 ml A7 R4 I 55 10 AR AR R U . 24—
2 login B R IFRPAIL B 55 A5, IR 55 & 2 AT 16 SR IF DL BC XS BLAT login $AAT 48, %
Ja R AAT 8% B RAT S5 SRR [ R AF S5 2 . X L B AR R e — 8.

35



36

HEZIE &1 HENARSSRIES

%
W% B B
HEHL g5 as CPU A W17 ALU [, Fd
Web %44 I %5 L
W% B
Sl w ’—>9% .
s | W% s [ A%
$ﬁ: Hﬁ%%g $ﬁ: CPU
L%, e BAL e

K121 RIZAR S S T SALE b

A, Qe iLl 2 R A5 IR AR L [ 45 e 2 76 CPU 1, ThRERIEI 8 44w L, 1%
AN FE2 S DReE GRS — 80 SIS AR ICEIRE OF & ol LOd A A
BT RJE AR, BT NNAEHE) . [FIFE, 78R AR 55 b 0 75 200 0 B E SCo i,
TR LA login X TAFBE, A N IR BAAZFT G2 I REMIEER, 753 3R (8] 1) 45
PR s CRRITT DL SCERIR D o PRI, JRATAT L SCEAA R 28 I 55 7 T2
[ AN R E DI RERITHSENL, M I 28 VR AR S A, 3 I A% i A 462 52 FORT L AR D RE -
MR RS, BB — A VT R € LIhRER] CPU.

1.9.2 9HARS

FERT T DIREE SO, AT TR BIRE 2% 152 00 RRF € (LI RE, I HL I RERI AT 75 22
—OEMINE . AR, BT IR S KRR AR B4, iR
A MIPAAT I BENE ? — Fr ] B 1T EL AR A7 20 (T Bl 22 B CPU JRATHAT 154 (Btit
HBEIRLPATEL FHFABIEIRLSEEN R, X EME RS+ SRR SR
SRT, RXMOTIEAFAE— A R R4 EER IR E R LIS R QER, Ridi CPU Bt
VAL, PO BB FLEThRE, Wsfeik 5 RRIL 7 2 H AN AL R SCH ), A AU
AR ThRETE AN BEAR D i) 7L o
N T FFEGIZAN TR, W] RS SR I T IR B BRI R AL, DUE R 5
s PARRHETR TR IR CPU 1, SR L & A FR s R T NN 2 1)
BT, XM BRI RAER S, T AR s e & AT R . IR A,
1, ER AL, B 1.22 MR T M2 RS 59 XL

>
[aYay
®
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HAEWebR % IR %5
\ %5 % .
LE - SEREWeb R%4 IR 55 A By
LT mpe (M aE | P s
B Ak BREH B R %5 4% B
[ERp s
B A 7%
534 s Webl £ IR 25
TR %
/ prafs W Hh e
P (WS MR k] RS
B R R %5 \\\ i) J
TR % 2% ~
BREW RIS

K122 ME RSS-S0 A SN E

WRIEXT CPU &7 #r, 7T LA Web MRS HEAT RIS &, M2 1.22 sttt £
ZET, AR BRSO 554 B IR SS A%, EATRT DB AT g . X X )
2T, rBCARSS 4% 32 ELl I e R 55 5 AR AL LR 55 ds Ik EAT 70T, 100 D5 e 55 4 U e 22
Pttt J AR R & B R HAL IR 55 . SEbr b, XAt BARLE CPU 2l el iz N .
ES)I: P )2 b i i 35 S w4 P S 1B | BV S VU = D v

1.10 > %

BAARFEMMINEMYESE, JLFREITTEI RSN EA T, HiX D& E R
RIS . AR IEERARNE S EBAE G =N, e i m e miRs R,
ZOD AT AT . XA SRR T XS AL AR, R R T AR E B A
Rk, BTFR, APEAELIRNRRXEMSTER LN, BEfREER, &
LN — R PR A R IR o IRR AR AR AR B R0 B bR, HAREL T X
HARFER AT &)a, ETArmmmNgs, RAO1&H 7K 1.23, DIEWHERX—
HERE R
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TR Y 4345 AL
A
2H SRR R
CPU WAF L ROM TSk
+
[ |
BHEIT/F T Wi L
+

- g i 2 . PMOS/
et LEgrip ) BHIBE B NMOS
G P

P AL

123 A SR




