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UC Berkeley CS61C : Machine Structures

Lecture 25 -
Representations of Combinational Logic Circuits

Senior Lecturer SOE Dan Garcia

www.cs.berkeley.edu/~ddgarcia
Conway’s Life Logic Gates => -~~~ _
Berlekamp, Conway and « & + &
Guy in their “Winning Ways” series ¢ « =«
showed how a gliderwasa1,no “ 7~ “7 .
glider a 0, & how to build logic gates! *| . -°
7 en.wikipedia.org/wiki/Conway%27s_Game_of_Life
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Truth Tables

TT Example #1: 1 iff one (not both) a,b=1

- - O O
- O = O
O = =

Q cse1CL25
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a b c d|y
0 0 0 0|F©0000)
0 0 0 1|F©000,1)
0 0 1 0|F00,10)
[ — 0 0 1 1|F001,1)
a. —— 0 1 0 0]F©0,00)
b 0 1 0 1|F010,1)
1B eyt
C 0
1 0 0 0|F1000)
oL — 1 0 0 1|F100,1)
1 0 1 0|F1010)
1 0 1 1|F10,L1)
How many Fs 1 1 0 0]|F1,100)
(4-input devices) i i (1] (1) igi?g
@ Radio Shack? 11 1 1|Fa11D
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TT Example #2: 2-bit adder
A B |cC
ajag  biby | eacicg
00 00 | 000
00 01 |001
00 10 | 010
00 11 |o11
01 00 |001
01 01 |010
01 10 | o011
01 11 | 100 How
10 o0 o0 Many
10 01 |o11 ”
10 10 | 100 Rows?
10 11 | 101
1100 |o11
11 01 |100
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101
110
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TT Example #3: 32-bit unsigned adder
A B |C

000 ...0 000 ...0 | 000 ... 00

000...0 000 ..1 |000...01

How
Many
Rows?

I11...1 111 ... 10

@ cse1CL25

111 ... 1
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TT Example #4: 3-input majority circuit

a

b cl|y

@ cse1CL25

—_— == O O O O

00

—_ O O = = O O
—_O = O = O
—_ == O = OO
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Logic Gates (1/2)

o Labjc
j_D— C 00 | 0
AND b 010
100
111
ae ab | ¢
i >—‘ C 000
OR b 01| 1
10 | 1
111
a _—Do— b alb
NOT 0|1
1]0
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And vs. Or review — Dan’s mnemonic

AND Gate
Symbol Definition

D) A2

- -2 OO0
—_O -0
—IOOO‘O

Q cse1CL25 i Logic Circuits (10)

Logic Gates (2/2)

O\ ab
s -

XOR 01
a -E _ab |

C 00

NAND b 01
ab
cg_—_—bo— C o

NOR 01

OOO»—“G Ov—»—v—“() o»—»—o‘n
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chmcus i inational Logic Circuits (11)

2-input gates extend to n-inputs

NapputxoRiatne LD C |V
so obvious 0 0 0]0
WesmplerXORisa 00 1T
input is odd = 0 1 01
0O 1 10
1 0 0|1
1 0 11]0
1 1 0|0
1 1 111

Truth Table = Gates (e.g., majority circ.)

a b cly

0O 0 010

0O 0 110

0O 1 0|0 &
01 11 .
1 0 0|0

1 0 1|1 C
1 1 0|1

1 1 1|1

s
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Truth Table = Gates (e.g., FSM circ.)

PS | Input | NS | Output PSL

0| 0 |00 0 PSo —PDo— OLTPUT
0| 1 |o1 0 zveoT

o1 0 |00| o .

01| 1 (10| o0 or equivalently...

10 0 (00| 0O %,

10 1 |00 1
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PSo % ouTPUT
nPuT
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Administrivia

«How many hours on project 2 so far?
a) 0-10
b) 10-20
c) 30-40
d) 50-60
e) 60-70

ﬂ CS61C L25
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Boolean Algebra
+George Boole, 19" Century
mathématician

*Developed a mathematical
Isoygs_tcem (algebra) involving
i

+ later known as “Boolean Algebra” ).
* Primitive functions: AND, OR and NOT

*The power of BA i |s there’s a one-to-one
corres 8 ce between circuits made
R and NOT gates and
equatlons inB

ﬂ + means OR,- means AND, X means NOT
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Boolean Algebra (e.g., for majority fun.)

ac

b

y=a*b+a-c+b-c
y=ab+ac+bc

Logic Circuits (16)
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Boolean Algebra (e.g., for FSM)

Q cse1CL2s ions of

=

PS1 NS | O
00 "zm 00 u:)pm PSo %—j}— OUTPUT
0| 1 |o1| o0 zveoT
01| 0 |00| o .
o1 1 |10] o or equivalently...
10| 0 00| o0 Py
0] 1 90 ! PSo %3‘ ouUTPUT

nPuT

y =PS,; - PS, - INPUT
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BA: Circuit & Algebraic Simplification

original circuit

equation derived from original circuit

l
= ((ab) +a) +c
1

=abta+c algebraic simplification
=ab+1)+
_(a(l) i ¢ ‘ B_A al_so gr_e_at ft_)r
=a+c circuit verification

Circ X =Circ Y?
use BA to prove!

simplified circuit

Dy

ﬂ
cse1CL25
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Laws of Boolean Algebra

r4+7T=1 complementarity
r+1=1 laws of 0's and 1’s
r+0=2a identities
r+ar=uw idempotent law
r+y=y+zx commutativity

(r4+w)+2z=24(v+ z) associativity
r+yz= (1 +y)(x + z) distribution

(x4+y)r=x uniting theorem
Ty + r=x+4+vy (T+yzr==x uniting theorem v.2
T y=7T47 r+y=7-7 DeMorgan’s Law
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Boolean Algebraic Simplification Example

y =ab+a+c
=a(b+ 1)+ c distribution, identity
=a(l)+c law of I'’s
=a+c identity

ﬂ CS61C L25
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Canonical forms (1/2)

Sum-of-products
(ORs of ANDs)

abe
000
001
010
011
a-b-¢ 100

101
a-b-c 110

111

ﬂ CS61C L25

o o
o ol

ISIERS]]

OO = OO = r—=x
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Canonical forms (2/2)

y = abec+ abc + abec + abe
=ab(c+c)+ac(b+b) distribution
=ab(1) + ae(1) complementarity
=ab+ac identity

QL
csstoLzs
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( to simulate AND, OR, & NOT

Peer Instruction

1) (a+b)- (a+b)=b

2) N-input gates can be thought of
cascaded 2-input gates. l.e.,
(@aAbcAdAe)=aA(bcA(dAe))
where A is one of AND, OR, XOR, NAND

3) You can use NOR(s) with clever wiring

(O =T - Mo B o k- VI ]

123

: FFF
: FFT
: FTF
: FTT
: TFF
: TFT

TTF
TTT
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“And In conclusion...”

*Pipeline big-delay CL for faster clock

*Finite State Machines extremely useful
*You’ll see them again in 150, 152 & 164

< Use this table and techniques we
learned to transform from 1 to another

@ cse1CL25
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