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Y=F(A,B)=(A+B)(A+B) =11(0, 2)




AARRIER

A B|Y 5ay3\, v-4B+4B+4B

0 0 |1

o 1o _

1 0|1 oy 53 r=4a+8

1 1|1

A B clyvy

0 0 0 1

0 0 1 0

o 1 01 ms s sEs,
e 5gf3t Y =ABC+ABC+ABC+ABC+ABC
1 0 0 1 — ar S

1 0 111 Y=AC+AB+AC

1 1 0 0 — - o = -

1 1 1|1 53  v- (A+B+C)(A+B+C)(A+B+C)




Bl IR

BenlEZEE M, MRETHHEBR/LEEE, Benl§FEEZZEH K.
Bit— 1P, RELHBenHRE, BMIMLATRUE (FH5R)

A R | E

[l e B s R
= O = O
o T e T e I S

55®% E=AR or E =2(0)
H53% E = (A+R)(A+R)(A+R)




117% EI?—:ME%E'\JSER?& 5 g5 WFRIERF
2) HEERIRBLHITHILATRUER, 53
NEEREEFEN . g5 =EREERN




o ARFAR T ARAE AR P S (E)

— ZTHI1] (0)
- BT A B R FE (C)
s E—NHEERRENREEI

[N

O C
0 0
0 1
1 0
1 1




O C E | minterm
0 0 0 0O C

0 1 0 0O C
1 o | 1 O C )
1 1 0 O C
O C E | maxterm
(0 0] 0|0+ C)
© 100+ )
1 0 1 |10 + C
(1 1]0|0+7C)

E=0C
=¥ (2)

E=(0+C)(O+C)O+C)
= T1(0, 1, 3)




)
~
~

- = - Sl S and
\~ - O - &
<) - 41 0000 M~
- & = = = il
Nt OO0 00O HO 40O -

NHOAO A+ O H

Qo1 o100+ 0O ~

2.1 M8 23 BEEE

C
H
D

]

Moo Ad 10 O «

N
-

A

IS SO vt i

A 2-80

1O QOIS0 o

OCHO-HO O

COHHOO H

el

COO0O

F2F

Y

O

B

O - O

a)

38

oo H




o THAAT R RIS U 2 BEAT E 2
o S REUAL, TR, HA0M1
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Number Axiom

Al B=0ifBz1 — b B
A2 0=1 NOT

A3 0¢0=0 AND/OR

A4 lel=1 AND/OR

A5 Oel=1e0= AND/OR




Number Axiom
Al B=0ifB#1 — | B
A2 0=1 NOT
A3 0¢0=0 AND/OR
A4 lel=1 AND/OR
A5 Oel=1¢0=0 AND/OR
B (Dual: Replace) : e« with +
O with 1




R AEE (Axiom)

Number Axiom DITE] Name

Al B=0ifBz1 B=1ifB#0 — b B
A2 0=1 1=0 NOT

A3 0¢0=0 1+1=1 AND/OR
A4 lel=1 0+0=0 AND/OR
A5 Oel=1¢0=0 |1+0=0+1=1 |AND/OR

Dual: Replace: e with +
O with 1



Number Theorem Name

T1
T2
T3
T4
T5
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T1 Bel=B &) — 4k 2 3
T2 Be0=0 EuEH
T3 BeB=8B HSTH
T4 B=B ] 52 2
TS BeB=0 AN EE

Dual: Replace: e with +
O with 1



Number Theorem Dual Name

T1 Bel=B B+0=B 5] — 4 HE
T2 Be0=0 B+1=1 EIoEH
T3 BeB=B B+B=B HES e
T4 B=B 7] JiE e B
T5 BeB=0 B+B=1 b fh e B

Dual: Replace: e with +

Owith 1
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—Ri, ZEIITFERNE. WEMER, ASERABNEEERH
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o

- B*B=B
- B+B=B




- B*B=B
- B+B=B

—Ri, ZEIITFERNE. WEMER, ASERABNEEERH






—Ri, ZEIITFERNE. WEMER, ASERABNEEERH
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Number Theorem Dual Name

T1 Bel=B B+0=B 5] — 4 HE
T2 Be0=0 B+1=1 EIoEH
T3 BeB=B B+B=B HES e
T4 B=B 7] JiE e B
T5 BeB=0 B+B=1 b fh e B

Dual: Replace: e with +

Owith 1




Number Theorem Name

T6 BeC=CeB AT P

T7 (BeC)e D =B e (CeD) AR et

T8 B e (C+D)=(BeC)+(BeD) | 7L

T9 Be (B+C) = UrEE:

T10 (BeC) + (BeC) = G I

T11 (BeC) + (BeD) + (CeD) = — 3
(BeC) + (BeD)




Number Theorem Name

T6 BeC=CeB AT P
T7 (BeC)e D =B e (CeD) AR et
T8 B e (C+D)=(BeC)+(BeD) | 7L
T9 Be (B+C) = UrEE:
T10 (BeC) + (BeC) = G I
T11 (BeC) + (BeD) + (CeD) = —
(BeC) + (BeD)
B X & eI R IEfHAY?




« Method 1: VA4
« Method 2: A E LR EIR S A E L HIE
—(FEFRXN—L B EXKGF—1




o AY3Z5EETR
« REF—MIMARR

o MRANTRIENIT T AT RERVIIAE S
FHERMNE, NREANZ2HEF

T9: Be-(B+C)=B
T10: (BC)+ (B:C)=B



Number Theorem

T6 BeC=CeB A H A
B C BC CB
0 0 0 0
0 1 0 0
1 0 0 0
1 1 1 1 2"




Number Theorem

T7 (BeC)eD=B e (Ce D) zh A1




Number Theorem

T8 B e (C+D)=(BeC)+ (BeD) | 4}/




Number Theorem

T9 Be (B+C) = B ISUWEE




Number Theorem

T9 Be (B+C) = B ISUWEE

Prove true by:
e Method 1: 343k
e Method 2: H fth T K7 /N I



Number Theorem

T9 Be (B+C) = B ISUWEE

Method 1:
Perfect Induction
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Number Theorem

T9 Be (B+C) = B ISUWEE:

Bl C (B+C) B(B+C)

0 0

0 0

0 1

1 0

1 1

0 1

1 1

1 1



Number Theorem

T9 Be (B+C) =B ISTEE:
Method 2: Prove true using other axioms and
theorems.

Be(B+C) =BeB + Be(C T8: Dl E
=B + BeC T3: [E—14%
=Be(1 +C) T8: S HCE
= Be(1) T2: ¥IT

=B T1: [E—1%




Number Theorem

T10 (BeC) + (BeC) = B ISUWEE

Prove true using other axioms and theorems:

BeC + BeC = Be(C+C) T8: Sl
= Be(1) T5: B4
=B T1: [E]—



# Theorem Dual Name
T6 |BeC=CeB B+C = C+B AT Mt
T7 |(BeC)eD=Be (CeD) (B+C)+D=B+(C+D) gk O f3
T8 |B e (C+D)=(BeC)+(BeD) @D) = (B+C) (B‘+D) A
T9 |Be(B+C)=B B+ (BeC)=B 7 AT 43
T10 |(BeC) + (BeC)=B (B+C) ¢ (B+C) =B AV E s
T11 |(BeC)+ (BeD)+(CeD) = (B+C) ® (B+D) ® (C+D) = —
(BeC) + (BeD) (B+C) » (B+D)
Dual: Replace: e with +
O with 1




# Theorem Dual Name

T6 |BeC=CeB B+C = C+B BNE (T
T7 |(BeC)eD=B e (CeD) (B+C)+D=B+(C+D) gk O f3
T8 |Be (C+D)=(BeC)+ (BeD) B + (CeD) = (B+C) (B+D) e
T9 |[Be(B+C)= B+ (BeC) = M A 1
T10 | (BeC) + (BeC) = (B+C) » (B+C) = e
T11 |(BeC)+ (BeD)+(CeD) = (B+C) * (B+D) * (C+D) = — 2 f3

(BeC) + (BeD) (B+C) » (B+D)

Warning: T8’ differs from traditional algebra:
OR (+) dlstrlbutes over AND (o)




# Theorem Dual Name

T6 |BeC=CeB B+C = C+B BE L
T7 |(BeC)eD=Be (CeD) (B+C)+D=B+(C+D) gk O f3
T8 |Be(C+D)=(BeC)+(BeD) |B+(CeD)=(B+C)(B+D) A
T9 |Be(B+C)=B B+ (BeC)=B 7 AT 43
T10 | (BeC) + (BsC) = B (B+C) ¢ (B+C) = B e
T11 | (BeC) + (BeD) + (CeD) = (B+C) » (B+D) ¢ (C+D) = — 2 f3

(BeC) + (BeD) (B+C) » (B+D)

Axioms and theorems are useful for simplifying equations.
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SHBcfE (T8, T8') B (C+D) = BC + BD

B + CD = (B+ C)(B+D)

WUEE (19) A+AP=A
& (T10) PA+PA=P
Expansion P =PA + PA
A=A+AP
Duplication A=A+A

“Simplification” theorem PA+A=P +A




B 73 % kR

“Simplification” theorem
PA+A=P+A
Method 1: PA+A =PA+ (A+AP) T IR
=PA+PA+A  T63Z#fE
=P(A+A)+A T8 L&
=P(1) +A T5' B4 ETE
=P+A T1 B —14 2 E




B 473 7% IERA

“Simplification” theorem

PA + K =P +_A

Method 2: PA+ A = (A + A) (A + P) T8’ ﬁEE a
=1(A+P) TS #MEEE
=A+P 1R —




Number Theorem Name

T11 (BeC) + (BeD) + (CeD) = —X1E
(BeC) + (BeD)

Prove using other theorems and axioms:



Number Theorem Name

T11 (BeC) + (BeD) + (CeD) = | —E(fE
(BeC) + (BeD)

Prove using other theorems and axioms:

B+C + BeD + C*D
= BC + BD + (CDB+CDB) T10: & H £
= BC + BD + BCD+BCD T6: 3ZHatE
= BC + BCD + BD + BCD T6: Az
= (BC + BCD) + (BD + BCD) T7: 561
=BC +BD T9': MR




BT E B

e Distributivity (T8, T8’) B (C+D)=BC+BD
B + CD = (B+ C)(B+D)

* Covering (T9’) A+AP=A
* Combining (T10) PA+PA=P
 Expansion P = PA + PA
A=A+AP
 Duplication A=A+A

* “Simplification” theorem PA+A=P+A
PA+A=P+A




& Bl

Example 1.
Y=AB +AB



& Bl

Example 1:
Y=AB + AB
Y=A T10: Combining & J11&
or
= A(B+B) T8: Distributivity7 lit f£
= A(1) T5’: Complements B/ g #
= A T1: Identity [F]—14 & #



Example 2
Y = A(AB + ABC)



Example 2
Y = A(AB + ABC)
= A(AB(1 + C))  T8: Distributivity7-fic %2

T

= A(AB(1)) T2’: Null ElementZ i 2 #
= A(AB) T1: Identity [F] — % & B
= (AA)B T7: Associativity 45 & 13
= AB T3: Idempotency B 2




Example 3:
Y=A'BC+A Recall: A" = A




Example 3:

Y=ABC+A Recall: A’ = A
= A T9’ Covering 513

or
= A’(BC + 1) T8: Distributivity 43 Fit {3
=A'(1) T2’: Null ElementZ i € B
= A T1: Identity[q]— 4 & 2



Number Theorem Dual Name

T1 Bel=B B+0=B 5] — 4 HE
T2 Be0=0 B+1=1 EIoEH
T3 BeB=B B+B=B HES e
T4 B=B 7] JiE e B
T5 BeB=0 B+B=1 b fh e B

Dual: Replace: e with +

Owith 1




# Theorem Dual Name

T6 |BeC=CeB B+C = C+B BE L
T7 |(BeC)eD=Be (CeD) (B+C)+D=B+(C+D) gk O f3
T8 |Be(C+D)=(BeC)+(BeD) |B+(CeD)=(B+C)(B+D) A
T9 |Be(B+C)=B B+ (BeC)=B 7 AT 43
T10 | (BeC) + (BsC) = B (B+C) ¢ (B+C) = B e
T11 | (BeC) + (BeD) + (CeD) = (B+C) » (B+D) ¢ (C+D) = — 2 f3

(BeC) + (BeD) (B+C) » (B+D)

Axioms and theorems are useful for simplifying equations.



Example 4.
Y = AB’C + ABC + A’BC




Example 4:

Y =AB'C+ ABC + A’BC
= AB'C + ABC + ABC + A’'BC T3’: Idempotency®E & £ H

= (AB’C+ABC) + (ABC+A’BC) T7’: Associativity4t &1

V4

= AC + BC T10: Combining & - 1£
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Number Theorem

T12 B,*B,*B,.. =B +B,+B,.. |[{EEE

EEFANIR: BHNRANHSFTS
T BEAMNEHEM. E&, FrALiE

hu%*b%%ﬁ/\lﬁi%ﬁﬂhh
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E.EREE: XTFR

Theorem Dual
T12  [B,*B,*B,.. = By+B,+B,..= | {E.EEIRETE
B,+B;+B,... B,*B;*B,...

EEBNIER: MBHMFERNIFTH
Mo EEAMNEHEM. FfE, FAmNE
MM FTEA D& B AN ETE TR




= ERERE




=.ERER f5F1

Y = (A+BD)C




=.ERER f5F1

Y = (A+BD)C
= (A+BD) + C
= (Ae(BD)) + C
=(Ae(BD)) + C
=ABD + C




E.EREE 6+ 2

Y = (ACE+D) + B




E.ERER 6+ 2

Y = (ACE+D) + B

= (ACD + DE) * B
= ABCD + BDE
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o FBERFRIZI?

Y=AB+CD



HERR AN

o NiaithFaa, —ERHEA
o XN
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c DO ><}Y




HER B HIT

:




HER R HIT

no output
bubble

Dby

:

C
D




HER R HIT

no output
A D—L bubble
B
C Y
D |
bubble on
D—L input and output

A
B
C Y
D




HER R HIT

no output
A D—L bubble
B
C Y
D |

bubble on

A input and output
B
C Y
D |

no bubble on

A ] input and output

B O

C >: 2 Y
|

Y=ABC+D
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Application |>"hello
Software |world!”

o M4E (LAAIBIEMHE, ) o
o HiRFER (BRI, BAW. 5 HE) [
o TMRY (AER. HRFER, B, kE)|  =—
o MiBIEE] soneces ]
o XA AIBIE

® XFfzZ D
o g oy 5,
o HAIEIEIER —

¢ i - &




MIZ3EE]|]

« MZREH: 512 5]
e fF: Y=ABC+ABC+ABC

A B C
Va| VB | Ye
} minterm: ABC
D minterm: ABC
D Rj minterm: ABC

Y
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o FHIR T A B B N o S HAE %R
o N ONAE JE TR B 1 22 3 BT
o i HLE I PR B 1 A 10 B RS
o [T RS

- HIFHELITTHF




F i SR [

o LM RETRELIER
o AR R
o AT REALTE R

wires crossing
wires connect wires connect without a dot do
ata T junction at a dot not connect




X = A+§(_T.+BE

ABCDE

J)O Q0O




» Example: {5 H &

B, Bitk. REME BHEE

HEFHSNE
A3, A2, A1, AO --->Y3, Y2, Y1, YO
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ZRBEIEIE

A B C | T = =
XOR3 0 0 00 AU s 5
; _~,w— o 0 1|1 = |
1 x\‘ o 1 0|1 i
{ ,1_ 0 1 110 = ~_>
B - ( 1 0 0 1 | 4\
] ) 1 0 110 | et
1 1 0O1]O0 =
1 01 11 | — — |l
e |
Y = ABC +ABC+ABC+ABC y
- b) PB4 LB

| v Y= (a®B)®C

¥Rt ﬂ%z =0 BERR, ERE; CMOSEEHRASIE].
fAEMTRRS]. HITESH.




e FErContention: HLEL[RIIS 4% 1 8% O4KZ), 1 KLY[A] B
W 5y HCP AR PO Bl ESEHL R 0---Vy,

— AJgehBREfE, IRE. BJE. MEEMmHEE
- SIERYERITIFE

A=1]>0—

B =01 >0—
* Warnings:

— R HE R ZE—Tbug
— X is used for “don’t care” and contention - look at the context
to tell them apart.

— HEAERAHEIX A RIX AN E !
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Igﬁi{ﬁ. Z R B SE T BT EE IR

o FH. B, EZES GRANKEREE)
o SPHARIH H P HEAZ 0, 1, or somewhere
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FHER:

module full_adder4(a,b,cin,s,cout);
Input[3:0] a,b;

Input cin;

output[3:0] s;

output  cout;

wire[3:0] s;

assign {cout,s} =a + b + cin;
endmodule

AR -

module test_full adder4;

reg[3:0] a,b; reg cin;

wire[3:0] s;

Initial begin

a = 4’h5; b=4’hb; cin=1b1;

#10 a=4’ha; b=4’hc; cin=1"b0;
#10 a=4’h8; b=4’h6; cin=1’b0;
#10 a=4’h4; b=4’hf; cin=1’b1;
#10 $stop; end

full_adder4 nl(a, b, cin, s, cout);

endmodule
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xRS systemverilogSEE]

FIRR AR -
module test_ mux4;
module mux4(a,b,c,y); reg ab.c;
input a,b,c; initial begin
outputy; a=1’b0; b=1’b0; c=1’b0;
wire ; #10 a=1’b1; b=1’b1; c=1’b0;
assign y= ((~a)&(~b)&(~c) ) | (a&b&c) ;  #10 a=1°b0; b=1’b1; c=1’b0;
endmodule #10 a=1’b1; b=1’b1; c=1’b1;
#10 $stop;
end

mux4 nl(a, b, c,V);
endmodule
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g% systemverilogSEIR

FIRR : MR
module test_decode4;
module decode4(al,a0,y3,y2,y1,y0); reg al,a0;

Input al,ao0; initial begin

output y3,y2,y1,y0; al =1°b0; a0=1’b0;

wire y3,y2,y1,y0; #10 al=1’b0; a0=1’b1;
assign y0= ~al & ~ao0; #10 al=1’b1; a0=1’b0;
assign yl= ~al & a0; #10 al=1’b1; a0=1’b1;
assign y2=al & ~a0; #10 $stop:;

assign y3= al&ao; end

endmodule decode4 nl(al, a0, y3,y2,y1, y0);

endmodule
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2.1

Exercise 2.1

(a) Y = AB+AB + AB
(b) ¥ = ABC + ABC

(¢) Y = ABC + ABC + ABC + ABC + ABC
(d)

Y = ABCD+ ABCD + ABCD+ ABCD + ABCD + ABCD + ABCD
(e)

Y = ABCD + ABCD + ABCD + ABCD+ ABCD + ABCD + ABCD+ ABCD
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2.17(c) Y = ABC +ABD+ABE+ACD+ACE+_(,_A+D:I-E)+I_SCD+I_BCE_+!3DE+CDE
Y = ABC +AB(D+E)+AC(D+E)+ADE+BC(D+E)+(B+C)DE
Y = ABC +(D+E)(AB+AC+BC)+(A+B+C)DE

Y = ABC + DE(ABC+BC)+ABCDE

¥ <ABE> DE(A+50) £QBCDE)

Y = ABC + DE + DE(A+BC)

v £aBC) DE (A} BC PR+ A=P+A

Y=A+BC+DE PA+A=P4A

2.33 E=SA +SH
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Y = AD+ ABC+ ACD + ABCD
7 = ACD + BD
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