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Finite State Machine

FSM to detect the occurrence
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Assume state transitions are controlled by the clock:

Hardware Implementation of FSM

é Therefore a register is needed t
state the machine is in. Use a unique bit pattern for each state.
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Combinational logic circuit is
used to implement a function ea

maps from present state and
inputto next state and output.
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General Model for Synchronous Systems

clock _ILM | input
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¥ output

A Collection of CL blocks separated by registers.

Asegﬂsters may be back-to-back and CL blocks may be back-to-
ack.

AFeedback is optional.
A Clock signal(s) connects only to clock input of registers.
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to a new state and produces a n

CSEIC L binaiorial Logic Clrcuils () Poll,Spring 2007 © UCE)

Z on each clock cycle the machine checks the inputs and moves

Hardware for FSM: Combinational Logic
This lecture we will discuss the detailed implementation,

but for now can look at its functional specification,
truth table form.

Truth tabl
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PS | Input | NS | Output

L 00| 0 [oo| o

00| 1 |o1| o

01| o |[oo| o

> OUTPUT o1 1 [10] o

ext 0] 0 Joo| ©

MLNS) 10| 1 |00 1
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Review
AState elements are used to:
ABuild memories

AcControl the flow of information between other
state elements and combinational logic

AD-flip-flops used to build registers

AClocks tell us when D-flip-flops change
ASetup and Hold times important

Awe pipeline long-delay CL for faster clock

AFinite State Machines extremely useful
ARepresent states and transitions
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Combinational Logic

AFSMs had states and transitions

AHow to we get from one state to the

next?
AAnswer: Combinational Logic
dock _ILIM | input
input — oL req) oL recf y Output
—
N o .
option feedback
I@ ¥ output
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TT Example #1: 1 iff one (not both) a,b=1
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TT Example #3: 32-bit unsigned adder
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Truth Tables

a b c d|y
0 0 0 0]|F0000
00 0 1|F0001)
00 1 0|F00.10)
: 00 1 1|F00LD
a 0 1 0 0/|F0,00)
b 0 1 0 1/[F0,0,0)
Foooey ot o]
c 1 0 0 0|F1000)
oL — 10 0 1|F1L00D
10 1 0|FKL0L0)
1 0 1 1|F10.11)
11 0 0|F1,100
11 0 1|F1,101
11 1 0|F1LLLO
@ 11 1 1|KLLLY
TT Example #2: 2-bit adder
A B |C
A 6 ayag  biby | eseicg
00 00 | 000
00 01 |00l
Z L 00 10 |010
00 11 |o1
o1 00 |o01
01 01 010
—-‘(— o1 10 |01l
o 1 |0 HOW
10 00 |o010 Many
10 o1 |o11
3 0 10 |00 ROWS?
10 11 | 101
11 00 |o11
11 01 | 100
C. 1110 | 101
& =i
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TT Example #3: 3-input majority circuit
a b cly
0 0 0|0
0 0 1,0
0O 1 00
0 1 1|1
1 0 00
1 0 1|1
1 1 0|1
1 1 1)1
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Logic Gates (1/2)

oN j j ab|c

€ 00 |0

ap b 010
00

111

a ab | ¢

i —C 000

OR b 011

10 | 1

111

a _Do— =3 alb

NOT 01

G it

0000 2007 © UCE

Logic Gates (2/2)

O\ ab
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Truth Table Y Gates (e.g., majority circ.)

a b cly
0O 0 0|0
0O 0 1|0
0O 1 0|0 &
0 1 11 .
1 0 010 )
1 0 1|1 C
1 1 0|1
1 1 1|1
(LS @ Pl sa g uc
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AND Gate
Symbol Definition
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2-input gates extend to n-inputs
AN-inputXOR is the ~ _ & b cly
gonobv¥ouso ne whi 0 0 00
Atos simple: 0 0 111
1iff the # of 1s at its
inputis odd Y 0O 1 0|1
0O 1 1|0
1 0 01
1 0 110
1 1 0]0
@ 1 1 111

Truth Table Y Gates (e.g., FSM circ.)

Py
PS | Input | NS | Output _
00| 0 |00| O Poo _DO_E}D‘ OUTESL
00| 1 |o1] o znpoT
01| 0 |o0| o© .
oil T T o or equival
0] 0 (00| O
0] 1 |00 1 Pa

PSo ouLTPUT

nPoT
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g?+ means

Boolean Algebra

AGeorge Bgole, 19t Century
mathematician

ADeveloped a mathematical
Is(}/gsitcem (algebra) involving

A ater known as fABool ed

APrimitive functions: AND, OR and NOT

AThe power of BA -fo-snet
correspondence between circuits made
up of AND, OR and NOT gates and
equations in BA

OR, A Tmeans A
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Boolean Algebra (e.g., for FSM)

P
PS | Input | NS | Output _
o o oo 0 PSo —Do—] OUTPUT
00| 1 |o1]| © zneoT
01| 0 |00| O .
ol 1 T10 o or equival
10| 0 |[00| O
0] 1 |00 1 P51

PSo ouLTPUT

zveoT
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z-T=0 z+T=1 complementarity
z-0=0 z+1=1 laws of 0's and 1’s
r-l=z z+0==x identities
T-r==z t+zr=2x @idempotentlaw
rToy=y-x r+y=y+z commutativity
(xy)z = z(yz) (z+y)+z=a+(y+2) associativity
z(y+z)=zy+xz z+yz=(r+y)(z+z) distribution

Laws of Boolean Algebra

zy+zr==x
T y=T+y

(z+y)z=zx
(z+y)=2-7

uniting theorem
DeMorgan’s Law
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Boolean Algebra (e.g., for majority fun.)

ac

b

A b + a A

y=ab +ac + bc

I@c;u binai

y = a
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BA: Circuit & Algebraic Simplification

P o

original circuit

D—y
1

y=((ab) +a) + ¢
l

ab+a+c algebraic simplification
=alb+1)+e

a(l) + ¢ BA also great for
ate circuit verification

L Circ X =Circ Y?
AR —
¢ Dy

use BA to prove!

equation derived from original circuit

simplified circuit
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Boolean Algebraic Simplification Example

y =ab+a+ec
= a(b+ 1) + ¢ distribution, identity
=a(l)+c law of I's
=a+c identity
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Canonical forms (1/2)

Sum-of-products
(ORs of ANDs)
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Peer Instruction

A (a+b)A (a+b) = b ABC
B. N-inputgates can be thought of FFT
cascaded 2-input gates. l.e., FTF

(a & bc & d & e) = T
where @& is one of Aq:g"};

C. You can use NOR(s) with clever wiring |7:TT F

Noforh wn e

Canonical forms (2/2)

.

( tosimulate AND, OR & NOT 8: TTT’
AAnd I n conclusionébo

APipeline big-delay CL for faster clock
AFinite State Machines extremely useful
AYoudll see them again

AUse this table and techniques we
learned to transform from 1 to another
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Peer Instruction Answer (B)

B. N-input gates can be thought of cascaded 2-input
gates. lL.e.,
(a @& bc & d & e) = & (bc
where & is one of ANFD\LSEOR,

Letds confirm!

CORRECT 3 input CORRECT 2 input
XYZ|AND|OR|XOR|NAND YZ|AND|OR|XOR|NAND
000] OrfoOr| O]1 00| 00 ] O
001] Orf1|L]|1 01 0 J1]1]1
010| Orf1|L]1 10| 0 [1]1]1
011] Orf1] 0|1 11111 0] O
100 Orf1|L]1 I
101] Or1| Orf1 ¢
110] Or|1| O |1 ¢
11111 ]1 10
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