RERNFRAFMNEFTAREFRETILER

2021-2022%24EFk 32 1

Sh-A
& e PR et

FRRAK: KRB
B #: BT

'2021-2022%  B2011003Y #y=edEs, ®EE 0



LFHIE

OFIFHI

OHEZIFHEE
Combinational Logic
HEEEZI, BERAEENRETZINZAY A, SHEIBR
KAPRETR,

OMIFZiERER
Sequential Logic
B8 ERAY AN Z BT Z A AN RIS, RS2 BRI RS SHY
=N (BE2WEEFE) .
SR FHRIEERNRSIFERE,




FSPTFhERIE

HFHIEFETHREPFREFRENAS. PRER. RBEEREEE
MIESERE. XmEEFEHRE.

OF 2= lr v oz
OSFfFES (register)
OfifFes (latch) , ZH7F28 (register)
OEEREBR, TXERE, BAFiFEZEEERNRT
O JRBERIEARETT
OFFSHEINTZEE2E (SRAM: static random access memory)
O%F, hEARF

OEEBE, V), B—HRRTE— e, BTERLE
N i

O FISHENTF(EES (DRAM: dynamic random access memory)
ORAR®EZE, RIMNAZE
OFERMEX, ERE/), EEFREA, HUEZR
OJEFRKFEZE (non-volatile memory)
O IEEAEKANBHIF RS
O/ EREAREF (ROM) , F5MJ4EROM (Flash)

021202%  B0tioo3v Wmm, @




SfFen

EZEREPRFIEEENE BRI

OfiifFza: EISEBMA FTARRITASRASHRIFHAE

OffiAzzs: ERMALESHALNEFIINSHAITRE

OFfF=a: (ERIoMALESAMARS

SRS N FRIEEERERININSHFEFRES.

12021-20228%  B2011003Y y=ed®s, ®EE 0 4



El']
554
FaE—

SR

L 0
S )
G, . a R
R -
D ;
= ek b
5y ) o

N "jug
-~ %ﬁﬁﬂ({t
Q ARTS
: : B o
O O : 3EEA
S
; 0
; 1
0
O 0
: 1
1




SREifFR—FIRE

Gl
] Do
Sp—1S —Q
G, R,—R o— Q'

Gl
U | Yoy
2 RAISEIR 0BT, BLEET T—D‘

B—AEF, B RS
Z AR .

|
l
B




SRilifFEE—B (RS S:set

G,
R, 0
) j Do—— o s -
>Gz< R,—{R b— Q'
) P2
0 G, 1
o) D90
%S=1, R=0Ff, QHSIHEHI 0
AL, : G, ;




SREiFESR—E (RS Rireset

RD 0
) Do+ . T -
e T A
) P2
1 G, 0
o) D90
wS=0, R=1AF, QMRIBHI
%0, QRISHR0, BHQ e
AL, 0 G,




SREifFR—IERRS

Gl
) oo
S, —1s — 0
>G<
2 Rr,—R o— Q'
So—) P
ol G, 0
b ) o940
90, Q’'#SEFIA0. MR
RFISEIFZER0, SR = .
WEATH, HIAFRES ( 1 0’
TRERDS) . Sp



SRiifFRE—S3FI)

s, D 0
Sp—9S —Q
< v —dw e

Ri—] a0

1 1 FEERTS
1 0 BT
0 1 BARTES
qQ Q’ MFRES




TS REITFSS

G
R oy 0 s | R o |o"
S, —1S 0 0 0 0 0’
>Gz< R,—R — Q'

=D
D ° Sp —qS — 0 0 0 1 1
— , 0 1 1 0
RD—O R Q—Q'
R}, 3—"—9' 1 0 0 1
1 1 Q Q




SRiR%& =5

s G
)'; 0 S 1S )
|
CLK{ { CLK Cl1
p— Q'
R G
G, 2

BIFIRTS

< Q

EURTS
BARES
EEIRTS

N N
P, O Kk O X
© +— O
© O -




SRtz =3RYER

G, | g CLK \
S
}f_, | 0
| —
CLK | 0 vy
15, a1
LT 10 L
Gy | 2 |
| Ry
O TECLK=0RYBHRIRIFIRTS ST
—_— I
OTECLK=1RIBHIR, HEZMA gt | L
op Lol
R | |
O (BR LTI O |
i G
oy il
P % [ >— 0 o]
p—ip | | | | |
0 - | I —
CLK— l cLk —|c1 0 7
D e H"

2021-2022%k B2011003Y #=FHEBER, KR 13



Dfi &2 25RI(E I JSCIR

2021-2022%k

ShE

—
C-'
G,
| 76, —.—Dc
C'
c | G,

B2011003Y #=FEiEE, KB

CLK —

1D
Cl

14



Dfit &z 23RI(ER

| : .
| 6,
D TG,
| Z' C|" YGZ .
SEEEE TG, |—+
CLK i !
c

O TECLK=0RIBHERIFIATS
OTECLK=1RIAIE, FZHA

2021-2022%k

B2011003Y Z#4=EEER, SREX

CLK )

e e e el s e e el o — — e s [ . S ——— —

—1

J

pll - e — e s




AEMZRIMRRES

OfhAZsS:
O Bl Z(ESHIIASIRFES
Ot &Z(SS—RRANHSS (clock, CLK)
OFfihA :
OYMESSHUN (—IRASHE) , HBZEHMASEH
OSLiESE Y, mhrEEINREHNEEAS
ORSHifF=S:
O EFsKIE Iz S5IE JAIRSHITFRE &Y

ORSfil&ZzsS:

Ot iRAIRSHITFES
ODfAZEFNTRLAZZE:

OFIAMmARI JBfER = SRIRSHEAZES

OFIAE I JEEAIDARAZ =S
O IMTERI KRR R PR ER S (£ A% 5 TV IR DfdAZ 25

2021-2022%  B2011003Y #=regs, *®@



iafh&ZDih A ES

FF, FF,

D 1D 9 1D Q. 0 D—1D —— Q0
CLK, —]|C1 CLK,—]cC1 ' CLK —PCl
b— ——— 0’ 5—— O
CLK — Dx

CLK|

ClK | D | Q' | Q" | |
X X Q o &l I i r
i | | | |
f o o 1 I
F 11 o0 L L
2 | | rl
ﬂ] {
EETHWES AR FERAESIZIERES } [
(EH]) . BIIEELIEEESIZIETZFE KRBT o -
EREBIR L. XtLEREShFIZLE ‘

AIBEEEEEFERNEEL.
12021-2022%  B2011003Y #ywed®s, ®EE 0 17



infiRaz D&z 23RISCIR

FF, FF,

D 1D 9 1D 0. 0 D—1D — 0
CLK, —]|C1 CLK,—{C1 ' CLK —PCl
p— p—— 0" >—— Q'
CLK — D%

ERRA DA SRR I AMIEE R BB ERMA SR, HHERA
DFF (D flip-flop) , ESLIIAABNA LB REVEHEITISEI.

2021-2022%k B2011003Y #=FEiEE, KB

18



fpf&IKieR=E (RiHATS)

J—1 0
CLK —C1
K—1K Tp—¢'
| ~ T FF, ' FF, )

Q" T T D — o
X X X Q q | . L. L,
k2 0 0 Q Q’ K L:__D:______ :_ | !
K 1 0 1 0
2| @ | 4 | @ | A o e o —
1 1 Q 0

JKA % 2553 B R IR B AN i,  SIMKIAII 18T, WHimiksimA, SEE
HRZSEEE, R—AT (toggle) ik es. E bW ABTRIEKFH %L FISRAA 25
—H. EFRTSREASFRVIEIEIRTS.

'2021-20228%  B2011003Y ywed®s, ®EE 20 19



ST EN/B

OZHHEFINESARLES
OAXZHMEFIIESAREES
OAZHMEFIRNTAAREITH

ORFEMEN: AZIIHTIR, MERISA/EN

Sp
T r—d 1o So—d's o
CLK —4 < cLk—]ci
Y S L N
N =D
Rp

2021-2022%  B2011003Y #=regs, *®@




RS SEMUNAMRZDM%&ES

SD __________ E ____-i IC
| G, G,
D TG, ﬂ_tD TGy o+ o
| 7 i
TC S B S
———————— =7
c P B = |
‘ C F J ' C
C l G, { ‘ G,
CLk TG, i TG, _2 0
|
TC' { TC
S — :
2021-2022% B2011003Y XHlE, RE

21



MRS

ORSfi#AES: Q* =S+ RQ
OFERA, Afbsz, BKhfbtsz
ODfi%&=E: Q*=D
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RS§itFE8MVerilog HDLFIR

ORSiifF=R

reg d, gb;
always @(r, s, gb, q) begin
if(s == 1) gb = 0;

else gb = ~q; H — 0
i
if(r == 1) q = 0; = @
else g = ~gb;
end

SERRFRRIEPRSEIFRHAE .




BEMAZAIRSHEsZE3/Verilog HDLFIR

ORMTMANRSHERE o | o

p— Q'

. b | ) s§—1S

:9 d, g( ; . . CLE cLKk —c1

a WayS C y 'y S, q ’ q ' R— IR
: : RiD ©

if(clk == 1) begin

G, G,
if(s == 1) gb = 0; '
else gb = ~q;
if(r ==1) q = 0;
else q = ~gb;

end else begin
qb = ~q
q = ~qb;
end

BT ckiES, RBTEck==1RIIHEZ LZRBIAE.




BEfAZRIDitsZzzEAIVerilog HDLER

reg q, qb; CLK CLK —{C1
always @(clk, d) begin |
if(clk == 1) begin L —
q = d;
gb = ~d;
end
end

ORHBEMARIDAALEE —3’%9 p—> Lo

D&z z3hYVeriloghiAIERE R &,
HInXth 2 KHMEER RIS E YRR, —/REiJInEA
Latch (§iifFas, EEARIBXA),
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infit&ZAIDfAzEEAY Verilog HDLEIR

S
O _LFHAMARIDAESE N e T
reg q, qb; CLK —PCl
always @(posedge clk) begin N
q <= d;
gb <= ~d;
end

T SiXEBposedgeflI<=Nif{H, FRIAIckALIMIERIFIFFIRRE.,

KIMRER B PRERMASERN, —IREIIFEA
register (&{F85) BkFF (Flip-flop, EFEARIBEX5Y),
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FEEFAFFEE(E

OFFEME: HESX EEE

q = d;
gb = ~d e
FH
9= “ > qb =d~q;
gb = ~q; =3 q=4d,

OFFFHZENHE: M(E%RQ”

q <= d; qb <= ~q;
gb <= ~d; NEE q <= d;
gb <= ~q; < 0*=0Q

IFFEEBER Ll Falwaysthe, IFEEREEFERSINF X,
EEFEHEYE.



REMREEL/EN

HEe e B L as
O RZRIEEMAIDFF < l
reg q, gb; SS ——
. N oy — " e
wire d; // BNES g D —D Q
wire clk; // BI§p '
wire as, ar; // BSEf/S6I clk >C Qp—
wire ss, sr; // ELEMN/EM ?
ar
always @(posedge clk or negedge as or negedge ar) begin
if(~ar) begin q <= 0; gb <= 1; end
else if(~as) begin q <= 1; gb <= 0; end
else begin
if(sr) begin q <= 0; gb <= 1; end i
else if(ss) begin q <= 1; gb <= 0; end
else begin q <= d; gb <= ~d; end —D Q—
end —bc Qb—
end ?
R
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AR TRRAZ SR

OWRESEMAAMA TS
FIRaitAZRIDFFIEEE.

reg q, qgb;

always @(posedge clk or negedge rst) begin
if(~rst) begin
q <= 0;
gb <= 1;
end else begin

if(t) begin // WIRtAS, WEHDRE

q <= gb;
ab <= q;
end
0
end ______;;:]___[3 Q q
end 1
t
clk >C Q'lb——gb

rst ?
'2021-2022%  B2011003Y s, ®EE 8 29




AR TREAZ 25 (AL F BB &iERISEIR)

OWRESEMAAMA TS
FIRaitAZRIDFFIEEE.

reg q, qgb;

always @(posedge clk or negedge rst) begin
if(~rst) begin

q <= 0;
gb <= 1;
end else begin
q=1tAq;
qb = !q;
end

end

rst
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O EflAHIDAA RS (latch)
OjfflA& HIDREA B (flip-flop)
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FERERISRZ AT, WMINSSDNIZEZEMmEIQ,, TN
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Sequential Logic
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OffEMLANZERIE: Y =FX Q)

OBrE ML RIIRENZESRE: Z=6(X,Q)
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J1 = Q203 K;=1

J2 = Q1 K, =Q1+Q3

J3 = Q10 K; =Q,
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vdd B
oA o — 1 _I_Q_z___*_D- DA 9 Y
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vdd B
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B2011003Y Z#4=EEER, SREX

44



RIFRZ R ERRIINRE Dt Bl — ISR

vid w L] ]
15 9 —]1J "'I&—?—*D- 1 % ¥
Cl , C1 , Cl ,
1K 1bQ—1_)__,— Kk p K Tph
FF, ’_ FF, FF,
CLK —— —+
000 p— > TR T EES
001 010 0
010 011 0
011 100 0 V=005
Q1 = Q205 - Q4
100 101 0 X
Q2 = Q1Q2 + Q10203
101 110 0 Q3 = Q10203 + Q203
110 000 1



R 2R IERITNGE D T R B —INSIRIRE

vdd I ]
1J _'[ Ql FS 1] _]——QE———FD- 1] _l Q3 Y

CLK - +

FTRURTS R BBUREIE
] BRI FIZ e R RS

2021-2022%k B2011003Y #=FEiEE, KB

46



Dt &= 19 R RIR FIZ IR IR RO —RRHTE

2021-2022%k

AH—‘Dc }

CLK

—

1D w 1D J—QZ
>Cl , >Cl

0

]

D

Q0
FF, 7_1 FF, D-I_

Q1 =0Q,
Q; = ADQ,:0Q;
Y =A4Q1Q; +A4Q1 - Q;

B2011003Y #=FEiEE, KB

47



D& 2513k RIA FIZIE R IR RO —IKSISIRER

>

1D

>Cl1

Q

Ba

FF,

, bCl

DQJ:

o

Q;

—}Y

i

-

CLK

S

P O O O O

01
10
11
00
01
10
11

00, | 00i | v
00 01

10
11
00
11
00
01
10

Q1 =0,
Q2 = A0Q:19Q;
Y =A4Q1Q; + AQ1 - Q;

h<

o O O r b O O O



Dt &2 19 R F 2R R IR RO —IKSISIRE

A—

>

—

1D

> Cl

[

FF,

<>—J_'_Q

o

1D
> Cl1

2

FF,

Q1 =Q
{ D—r Q; = ADQ:9Q;
Y =A4Q1Q; + AQ1 - Q;

o

CLK

2021-2022%k

0

0/0
/1

0/0 2L E H 58

0/0

B2011003Y ¥HIE, RE

49



HFZERIESS

ORI FFZ5EHEE
O IRESNEPIRSEE
OHFIREPIASZ R R L —IZIRSASZIR
ORES=THES
O FRY IR EY B B8 ==1a)

O FZigHIENERHTE

O FBIENREARLTE:
Ofit & eRIKEN T2 X FRieE T
Ofih A R4 572 EfEsy, BITE
OISR HEF,

ORI FFRRIEBIIRTS
Oy NI EZ S
OIS E]

O—f&skin, IS IEERIRESEEENH (ARG

'2021-2022%  B2011003Y s, ®EE 8 50



mHENFZE— S FEE

I f7 W H

Qo 0, 0, Qs
FF, FF, FF, FF,
4 DI DO
1D 1D 1D 1D

# 17 B 1T
PN % i
> C1 > C1 > Cl1 > Cl
D— D— D—
Bir CLK
ik oh

o Q, o, 0,
FF, FF, FF, FF,
w5 D . Do 17
A 1J 1J 1J 1] & H
—P> Cl —> C1 —3> Cl —> Cl
1K D IK 1K 1K D—

L)

[*)

B cLk
Jk wh
Q; = Qi1
Y — Q Z—j(]\_ Hﬂk:uﬁ?ﬁ.ﬁﬂ_, E?l‘é]¢§'klﬁo
p“m — 0., ARG HRERMLERESIER.
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mHRNFZE—BASEFSR

¥ 7 W H

Qo 0, 0, 0;
FF, FF, FF, FF,
w— D D
g ' 1D 1D 1D 1D o
P C1 > C1 D> C1 > Cl
Bir CLK

Bk wp

&
E

>

module shifter(
input clk, din,
output [3:0] q,

output dout); EI8E, NIRRT,
reg [3:0] q; HWiLgERZZD?

always @(posedge clk)
q <= {q[2:0],din}; // B

assign dout = q[3];
endmodule
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74HC194A HITHhHEER

R}, S, S, TAERAE
74HC194A, WEBLEFTFaS 0 | x x "R
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1 1 0 ook A
HRA 1 | 1 1 H T4 A
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Dy WA
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T.=Q.., Qs -0Q,-0Q,

[
=[]0, (i=1.2,.n-1)
J=0

TO - 1
T1=Qp

T, = Qp0Q1
T; = Q0010
Qo = Qo

Q1 = QoQ1 + Q04
Q; = QoQ10Q2 + QpQ1Q;
Q3 = Q0Q1Q203 + QpQ,1Q20Q3

C=0Q0010Q2053

2021-2022%k B2011003Y #{=FeB}S,

P Cl

1] —T—Q
P> C1 |

3 Cl

> Cl
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1 —+— O
T=1 > C
K P
FF,
re. Py 0
0—+ > Cl1 _T_
K b
FF,
L1ty be—o,
w—j—+ > Cl
G, K P
FF,
Ly o
.L«!:D—+ > Cl
G, K p-
FF,
—0
-
G3
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THE RS R 780

SR o

~Y

CLK
1 —+— O
T,=1 >C1
K P
FF,
g 1] 0,
0—+ > Cl1 _T_
K P
FF,
L1ty be—o,
w—j—+ > Cl
G, K P
FF,
Ly o
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