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State Encoding

= Assigned each state an encoding
= Unique bit representation to each state
= Different encodings may optimize size, or tradeoff size and performance

= Currently using minimum bit-width binary encoding
= Use smallest number of bits to ensure unique representation

inputs: b Inputs: a
outputs: x Outputs: r
inputs: bi
outputs: bo
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Original Minimum Bit-width Encoding

Consecutive 1's FSM

= Consider our original minimum bit-binary encoding assignment

T pus | z sow
Inputs: w __ Inputs | Outputs
Outputs: z T sl s0w| mno z
= " 2=0 0 00| 00 0
= P N
( 5) 0 0 1] 010
0 g 0 1 0 00 o0
o
0 11] 10 0
c 1 00| 00 1
10 1] 10 1
g L L O] d d d
11 1| dd d
—— >z
) N
" N Cost = gate inputs * 2 = 14
=, n Delay = 2 gate-delays

si

L state register

0= 5150w
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Modified Minimum Bit-width Encoding

Consecutive 1's FSM

= Slightly modify bit-binary encoding assignment
= State C encoding 10 changed to 11

Inputs: w inputs | Outputs
Outputs: 2 sl s0o w| nino z
\/ED\/W_\(EU A 0 0 O0[ 00 0
(a7 w Ns) —oo01lo10
C/\@/\_/ 01/ g 0 1 0| 00 0
w \ / 0 1 1| 11 0
w — 1 o o] 4 4 a
VoY Unusea 1 g o “‘ ‘j
S/ 1 — 1 0 11 dd
w =1 c L 1 o[ 00 1
11 1| 11
z
w Cost=2%2=4
Delay = 1 gate-delays
Verses
Cost 4
Delay
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Original Minimum Bit-width Encoding

Laser Timer FSM

= Let's try another FSM
= Original minimum-bit width state encoding

inputs | Oupus
gp‘uls‘h sl s0 b | nlno x
utputs: x
off 0 0 0 0 0 0
< 00 1|01 0
T 2!/\()5 om 0 1 O] 10 1
5 0 1 1 1.0 1
10 0 11 1
- - - on2
E}\(_vétl\(_‘/&g 10 1] 11 1
(i) () (k) o 1 0|00 1
— N — n3
1 1 1 0 0 1
o
1= 5750 45150
=s1xors0
! Cost=8*2=16 7050

s\ o0 o1 11 10

Delay = 2 gate-delays

s1

n0=501b + 1)
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Modified Minimum Bit-width Encoding

Laser Timer FSM

= Slightly modify bit-binary encoding assignment
= Switch State On2 and On3's encoding

Inputs: b

Siputs: x _ mpus [ oupus
sl sO b nl n0  x
08 Y )y of 0 0 0 00 0
\éfﬁ/ob o010 o0
f S U IR
x=1 X=1 X=] -0 1 21
(8 (3 (&) o L 0 0|00 1
e 10 1] 00 1
0 :
on2 11 0 10 1
11 1] 10 1
] >———x
—_——— Cost=6*2=12 "0 5o
4 ) J Delay = 2 gate-delays N\ o u 1
P o [o]G ]G]
sl
[oofofo]

_ State register

n0 =s1'(b +s0)
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One-Hot Encoding

= Alternative state encoding scheme - One-hot encoding
= Encoding length (bits) equal to number of states
= Only 1 bit in encoding is ‘1’

What happens with the one-hot encoding?

[T—x
s hiipets
0
# alsalsalsof |
- _ ks ||
i
Cost=3%2=6
Delay = 1 gate-delay
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One-Hot Encoding

Verses Original Minimum Bit-Width Encoding

= What happens if we stuck with the original minimum bit width
encoding?

Inputs: none; Outputs: x Inputs | Cutputs

~C—Cd el

=1 =1 )
Cost =8 * 2 = 16 (ignore inv) Verses one hot
Delay = 2 gate-delays Cost=6
Delay = 1 gate-delay
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Original Minimum Bit-width Encoding

Consecutive 1's FSM

= Let's try one-hot state encoding with the following FSM

Inputs | Outputs
150 2 nl no
[ d

Inputs: w
Outputs: 2 s2

0 w 20 Unised 0
AR W 0
Chd a 0
g 0

1]

Unised 0

¢ 1
1
Unused 1

Unused 1

ke leloo|rlrloole
x[x [x|r o [x | on o|x|s
alalalrolalroloole
alalaloolaloolro

alalalor|alorlorn|a
alelalrrlalooloolaln

rlofrloo|rloolk

Unused 1

Cost=4*2=8
Delay = 1 gate-delays

s2lsafsq

State register

min bit-width

Delay = 2 gate-delays
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One-Hot Encoding Example

Laser Timer

= Let's try one-hot encoding using the Laser timer example
= State table leads to equations:
* x=8s3+s2+sl

" n3=s2

= n2=sl

= nl=s0*b

= n0 =s0*b' +s3

——— >x
Inputs: b Inputs Outputs —
Outputs: x
5352 5150 b | n3 n2nlno b n3
SN
or 000100000 || [
00011/00100 ]
S I MR
i3 0 1 00010001 s8|s2]s1) <0
01001 |10001 [ seergser
2 1 000000011
10001/00011
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Is One-Hot Encoding Always Better?

Laser Timer FSM Comparison Across Different Encoding Schemes

= How do the various encoding compare?
= Larger (don't forget state register is bigger too)
= Same delay

= One method is not best for every application

=P
;
Ep=
I P
alala

Original Min-bit width Modified Min-bit width One-hot encoding
Cost=16 Cost =12 Cost =18
Delay = 2 gate-delays Delay = 2 gate-delays Delay = 2 gate-delays
Dighal Design ECE 474al575a 11043
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Output Encoding

= Another state encoding method - Outputs: x.y

output encoding xy=00 xy=01
State encoding is same as the output -
values
Possible if enough outputs, all states
with unique output values

xy=11 xy =10
> «

Use the output values
as the state encoding
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Output Encoding Example

Sequence Generator

= Create FSM to generate sequence
= 0001, 0011, 1110, 1000, repeat
= Use output values as state encoding
= Create state table
= Derive equations for next state
* n3=sl+s2; n2 =sl; nl =s1's0; n0 = s1's0 + s3s2'
—w
Oulputs: w.x, ¥, 2 Inputs Outputs % g
wxyz=0001  wxyz=1000 s3 s2 sl sO n3 n2 nl n0

g

11 >
00

B 00 11)1100 { N
00 ;D nl
01

/IR

)
s
L

o|o|e|>
e |rlole
o|o|m|r

wxyz=0011  wxyZ=1100

s3[s2] s1] s0]

_state register

£n0
s n2 n1
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Output Encoding Example
Sequence Generator 2
= Create FSM to generate sequence Outputs: .y, 2

= 011, 011, 001, 100, 010, repeat
= Can we use output values as state encoding?
= Choice 1 — No, not all outputs unique so try

Xyz=011  xyz=010

another encoding method @
= Choice 2 — Output encode as many as possible, xyz=011 xyz=100
then choose unique encoding for remaining states
= Create state table and derive equations xyz =001
®= n2 =s1's0
* nl=sl1s0’ Inputs Outputs
®* n0 = s2's0’ s2 5150 [n2nln0 x y z
B 000[001011
= x=s2 C 001|100001
- ' E 010[011010
= y=sl+
y = sl +s250 A 01 1]l000011
= z=50+s2'sl’ D 100000100
= Output (x, y, z) may require additional logic and not 101]dddddd
just the state encoding 110 )dddddd
111 |dddddd
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Copyrgnt© 2008 Susan Lysecky
Frank vand

Determining State Encoding Techniques

= Considered various state encoding techniques Oliois:x
= Minimum bit-width binary encoding -

= One-hot encoding ;
= Output encoding Xl XLy =
S (&) (¢

N

= We've looked at very simple circuits

= Larger circuits, different state assignment can have ‘O"S,“;j[:x

larger impact

= How do we determine best encoding?
= Exhaustive search not feasible, too many choices
= CAD (Computer-Aided Design) tools typically use
heuristics Outputs: w, x,y, z
= Finds “good” solution but maybe not “best” solution

Wxyz=0001  wxyz=1000

WxyZ=0011 wxyZ=1100

Digial Design ECE 474a/575a 150143
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State Reduction (State Minimization)

Goal: Reduce number of states in FSM without changing behavior
= Fewer states potentially reduces size of state register
Consider the two FSMs below with input sequence x =1, 1, 0, 0

Inputs: x; Outputs: y

For the same sequence of inputs,
the output of the two FSMs is the same

ifx=1,1,0,0
muw Design EcEaraasrsa  theny=011,00 160143
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State Reduction
What makes States Equivalent?
Two states are equivalent if:
Inputs: x; Outputs: y
1. They assign the same values to outputs
= S0 and S2 both assign yto 0, S
= S1 and S3 both assign yto 1 y=0 y=1 y=0 y=1
States SO and S2 equivalent
2. AND, for all p05§|hle sequences of m_puts, the States S1 and S3 equivalent
FSM outputs will be the same starting from
either state merge
* e.g. say x=1,1,0,0,.. equivalent
= starting from S1, y=: states
= starting from S3, y=
[—]nw Design ECE 474a57S8 170143
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State Reduction

Example with no Equivalencies

Inputs: x; Outputs: y

= Another example...
State SO is not equivalent with any
other state since its output (y=0) differs
from other states’ output

= Consider state S1 and S3
= Output Assignment
= Initially the same (y=1)
All possible inputs, yield same outputs

From S1, when x=0, go to S2 where

el
y=0 y=1 y=1 ¥

=1
= From S3, when x=0, go to SO where
=0
= Outputs differ, so S1 and S3 are not Start from S3, x=0,,,
equivalent.
Continue checking all possibilities el
y=0 y=1 y=1 y=1

ECE 474a/575a
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State Reduction with Implication Tables

= State reduction through visual inspection (what we did in the last few slides)
isn't reliable and cannot be automated — a more methodical approach is
needed: implication tables

Inputs: x; Outputs: y

x S0
q s1 Redundant

To compare every | S2
pair of states,

construct a table of ‘ S3 Diagonal
state pairs so|s1 ‘ s2|s3
s1
s2 Remove state pairs along
- the diagonal since a state
S3 < is equivalent to itself
so| s1] 52
Remove redundant state
pairs
m O Design £ce azaasTsa 19043
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State Reduction with Implication Tables

= Step 1: Mark (with an X) state pairs with
different outputs as non-equivalent:

*= (S1,S0): At S1, y=1 and at SO, y=0. So S1
and SO are non-equivalent.
(S2, S0): At S2, =0 and at SO, y=0. So we
don't mark S2 and SO now.
(S2, S1): Non-equivalent
(S3, S0): Non-equivalent
(S3, S1): Don't mark S1
= (83, S2): Non-equivalent

= After first pass
= S2 & SO might be equivalent
= S3 & S1 might be equivalent
= Only if their next states are equivalent
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State Reduction with Implication Tables

= Step 2: Check each unmarked state pair's next Inputs: x; Outputs: y
states
= Start by listing what each unmarked state pair's next
states are for every combination of inputs

= (S2,80)
= From S2, when x=1 go to S3
= From SO, when x=1 go to S1 S1
= Sowe add (S3, S1) as a next state pair

3, 51
= From S2, when x=0 go to S2 s2 :sz‘ 50;

= From SO, when x=0 go to SO

= Sowe add (S2, S0) as a next state pair s3 (S3,51)
(S0, 52)

= (S3,81)
= By asimilar process, we add the next state pairs
(S3, S1) and (SO, S2)

SO S1 | s2
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State Reduction with Implication Tables

Inputs: x; Outputs: y

X X
% (s

y=0 y=1 y=0 y=1

= Step 3: Next we check every unmarked state
pair's next state pairs
= We mark the state pair if one of its next state pairs
is marked (i.e. not equivalent)

= (S2,80)
= Next state pair (S3, S1) is not marked
= Next state pair (S2, S0) is not marked s1
= So we do nothing and move on
3, S1
= (S8,81) S2 zsz‘ sc;
= Next state pair (S3, S1) is not marked
= Next state pair (SO, S2) is not marked s3 Xz:g 2;; \
= So we do nothing and move on .

S0 | S1 | s2

ECE 474a/5758
‘Susan Lysecky
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State Reduction with Implication Tables

Inputs: x; Outputs: y

= We just made one pass through the
implication table
= Make additional passes until no change occurs

= Step 4: merge the unmarked state pairs as
they are equivalent

(S3,51)
(S2, 50)

(s3, 1)
f(s0, s2)

SO0 | S1 | s2

ECE 474a/575a
Susan Lysecky

230143

Digial Design
Copyrght © 2006
Frank vahid

State Reduction Using Implication Tables

step Description

1 Mark state pairs having different outputs as
nonequivalent

States having different outputs
obviously cannot be equivalent

2 For each unmarked state pair, write the next
state pairs for the same input values

3 Foreach unmarked state pair, mark state pairs
having nonequivalent next-state pairs as
nonequivalent. Repeat this step until no change
occurs, or until all states are marked.

States with nonequivalent next states
for the same input values cannot be
equivalent. Each time through this step
is called a pass.

4 Merge remaining state pairs

Remaining state pairs must be
equivalent.

ECE 474a/575a
‘Susan Lysecky.
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State Reduction

Example 1

= Given FSM on the right Inputs: x; Outputs: y
= Step 1: Mark state pairs having
different outputs as nonequivalent
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State Reduction

Example 1

= Given FSM on the right
= Step 1: Mark state pairs having Inputs: x; Outputs: y
different outputs as nonequivalent 3

= Step 2: For each unmarked state
pair, write the next state pairs for the ¥=0 y=1 y=1 y=1

same input values
S1
"ls2.52) ]}
. £ [(s3.s1)
For pair (52,S1)  For pair (53,S1)  For pair (S3, S2)
X=0 X=0 x=0 "liso. s2y[is0. 52 [
S2 goes to S2 S3 goes to SO S3 goes to SO S3  [(s3, s1)f(s3. s3) |/
S1goes to 52 S1goes to S2 S2 goes to S2 N R
X=1 X=1 X=1
S2goes to S3 S3goes to S3 S3goes to S3 SO | S| s2
S1goes to S1 S1goes to S1 S2 goes to S3
[—] Digtal Design ECE 474a57S8 260143
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State Reduction

Example 1

Inputs: x; Outputs: y

= Given FSM on the right
= Step 1: Mark state pairs having different
outputs as nonequivalent

= Step 2: For each unmarked state pair, write

the next state pairs for the same input S1
values
s2 (38
= Step 3: For each unmarked state pair, mark (58,5
state pairs having nonequivalent next state 4
pairs as nonequivalent. S3 E“‘ (4 R Z;
= Repeat this step until no change occurs, or
until all states are marked.
SO | S1 | s2
S2=52? Yes
S3 = S1? Unsure S2=152? Yes
S0 =522 NO! $3 =517 NO!
S0 =522 NO!

Digial Design ECE 474a/575a 270143
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State Reduction

Example 1

Inputs: x; Outputs: y

= Given FSM on the right
= Step 1: Mark state pairs having different
outputs as nonequivalent

Step 2: For each unmarked state pair, write

the next state pairs for the same input values S1
= Step 3: For each unmarked state pair, mark s2 (¢ )

state pairs having nonequivalent next state (585

pairs as nonequivalent. 7

= Repeat this step until no change occurs, or until S3 E s ; : ‘ ;
all states are marked.
= Step 4: Merge remaining state pairs &0 gl | ez
All state pairs are marked — there are no
equivalent state pairs to merge
[j Oigeal Design ECE a74a/575a 2mota3
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State Reduction

Example 2

= Try another example

= Step 1: Mark state pairs having different
outputs as nonequivalent

(51,50)? No
(52,50)? No
(S2,51)? OK e
(S3,50)? OK
(S3,51)? No
(S3,52)? No
(
(
(
(

y=1 y=1

54,50)? OK
54,51)? No s4
54,52)? No
54,53)? OK

Digial Design ECE 474a/575a 290143
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State Reduction

Example 2

Inputs: x; Outputs: y
= Try another example X

= Step 1: Mark state pairs having different Ve
outputs as nonequivalent

= Step 2: For each unmarked state pair,
write the next state pairs for the same

input values
s1
(53,54)
For paif (52,S1)  For pair (S3, S0) Repeat for S2 (s2,51)
Y=o Y=o (S4, S0) pair
= > s4, 83
S2 goes to S3 S3 goes to S3 ¢ ) pair 3((S3.52),
S1goes to S4 S0 goes to S2 (S0,51)
X=1 X=1
4,
S2 goes to 52 S3 goes to SO s4 ggéf; fﬁo‘ggi
S1goes to S1 S0 goes to S1 ’ ’
S0 S1 s2 s3
oigtl Desgn ECE 4T4aTS 00143
[ Copyrm 2006 s Lysody
Frank Vahis
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State Reduction

Example 2

Inputs: x; Outputs: y
= Try another example X

= Step 1: Mark state pairs having different . /
outputs as nonequivalent

= Step 2: For each unmarked state pair,
write the next state pairs for the same

X =1 =1
input values y Y
s1 $3,54) - OK
= Step 3: For each unmarked state pair, :sz 51; _OK
mark state pairs having nonequivalent (53:54) (53‘52) _NO
next state pairs as nonequivalent. S2 (S2.51)| (SA.SQ) NO
= Repeat this step until no change occurs, or 64.53)- OK
until all states are marked. 53| )| (5459
( ) (S0,50) - OK
( ) (54,53)
$4|(59%0)| (50.50)
so | s1 | s2 s3
oigel esgn ECE 474asTS stotas
[ Copyri 2008 Susan Lysecky
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State Reduction

Example 2

= Try another example
= Step 1: Mark state pairs having different
outputs as nonequivalent

= Step 2: For each unmarked state pair, write
the next state pairs for the same input

=1 =1
values v v
X s1
= Step 3: For each unmarked state pair, mark
state pairs having nonequivalent next state (53,54)
pairs as nonequivalent. S2 (Szzsl)
= Step 4: Merge remaining state pairs s3 E ;
( ) (54,53)
S41(5e%K1) (50.50)
Combine (S2, S1) and (S4, S3) S0 s1 | s2 s3
[—] Digtal Design ECE 474a57S8 2043
Copyrn £2008 Susan Lysecky
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State Reduction

Example 2

Inputs: x; Outputs: y

= Try another example ) O

= Step 1: Mark state pairs having different Ve
outputs as nonequivalent @

= Step 2: For each unmarked state pair, write
the next state pairs for the same input values

= Step 3: For each unmarked state pair, mark Combine (S2, S1)
state pairs having nonequivalent next state and (S4, s3)

pairs as nonequivalent.
Inputs: x; Outputs: y

= Step 4: Merge remaining state pairs

Digial Design ECE 474a/575a 330143
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State Reduction - Partitioning Method

= State Reduction (Minimization) Inputs | Outputs
= Partitioning method using State Table Current oo
9 9 State W | Stae Z
= Create partitions (groups) of equivalent states A 0 B 1
= States in same partition /77ight be equivalent A 1 c 1
= States in different partitions are 70t equivalent B o D 1
B 1 F 1
" i . c 0 F o
= Creating partitions uses same equivalence test c 1 E 0
= Two states are equivalent if b 0 B L
= They assign the same values to outputs o 1 ¢ 1
= AND, for all possible sequences of inputs, the E 0 F 0
FSM outputs will be the same starting from either E_ 1 c 0
state F 0 E 0
F 1 D o
G 0 F 0
G 1 G o0
* Use state names instead of state encoding to
simply table
ECE 474asTS 340143
Susan Lysecky
Partitioning Method
= [Initial partition contains all states Inputs Outputs
Current Next
) State W State  Z
= First test A o | B8 1
= Group according to state's output value A 1 c 1
= Group (ABD) outputs 1 B 0 D 1
= Group (CEFG) outputs 0 B 1 F 1
c 0 F 0
c 1 E o0
D 0 B 1
D 1 G 1
E 0 F 0
P1 = (ABDCEFG) E 1 c 0
F 0 E 0
P2 = (ABD)(CEFG) F 1 D 0
G 0 F [
G 1 G o

* Use state names instead of state encoding to
simply table.

ECE 474a/575a
Susan Lysecky
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Partitioning Method

= Second test Inputs
= For all possible sequences of inputs, the FSM Cé’&z"‘
outputs will be the same starting from either state r
A
B
B
P2 = (ABD)(CEFG) c
c
D
Whenw =0 Whenw =1 o
AgoestoB AgoestoC E
B goes to D Bgoesto F E
D goesto B Dgoesto G e
B, D, and B are in C,F,and G are in 2
same partition so same partition so
maybe same state maybe same state

ECE 474a/575a
‘Susan Lysecky.

~ o|r o|k ok o|r o|r o|r of =

Outputs

Next

State 2

B

njlomo e ®m T |n oo
o olo oo ok rlo olr krlk

* Use state names instead of state encoding to
simply table.

Bora3
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Partitioning Method

= Second test

= For all possible sequences of inputs, the FSM
outputs will be the same starting from either state

P2 = (ABD)(CEFG)

— T

Whenw =0
CgoestoF
E goesto F
Fgoesto E
G goesto F

F,F,E,and F are in
same partition

Whenw =1
Cgoesto E
E goesto C
F goes to D
Ggoesto G

D s in different
partition then E, C, G!

Move F into it's own

partition ECE 474a/575a
Susan Lysecy

Inputs Outputs
Current Next
State W State 2
A 0 B 1
A 1 c 1
B 0 D 1
B 1 F 1
c 0 F 0
c 1 E 0
D 0 B 1
D 1 G 1
E 0 F 0
E 1 c 0
F 0 E 0
F 1 D 0
G 0 F 0
G 1 G 0

* Use state names instead of state encoding to
simply table.

s7ota3

Partitioning Method

= Second test

= For all possible sequences of inputs, the FSM
outputs will be the same starting from either state

3 = (ABD)(CEG)(F)

Whenw =0
AgoestoB
B goes to D
D goesto B

B, D, and B are in
same partition

Whenw =1
AgoestoC
BgoestoF
D goes to G

F is in different
partition than C and G!
Move B to it's own
partition.

ECE 474a/575a
Susan Lysecky

Inputs Outputs
Current Next
State State 7
A B

o|nnimmlo oo oo o>

ol o|lr ok o|k o|k ok of =
® njomlone wmnlnolo
o olooloo|lr rloolkr krlkr

G

* Use state names instead of state encoding to
simply table.

3Bot43

Partitioning Method

= Second test

= For all possible sequences of inputs, the FSM
outputs will be the same starting from either state

4 = (AD)(B)(CEG)(F)

Whenw =0
AgoestoB
D goesto B

B and B in same
partition

Whenw =1
AgoestoC
D goes to G

Cand G in same
partition

ECE 474a/575a
‘Susan Lysecky.

Inputs Outputs

Current Next
State State 2

A B

o|nnmmooloo|jw m|>

~ o|r o|k ok o|r o|r o|r of =
njlomo e ®m T |n oo
o olo oo ok rlo olr krlk

G

* Use state names instead of state encoding to
simply table.

0143
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Partitioning Method

= Second test

= For all possible sequences of inputs, the FSM
outputs will be the same starting from either state

4 = (AD)(B)(CEG)(F)

B should be
equivalent to itself,
move to next group

ECE 474a/5758
‘Susan Lysecky

Inputs Outputs
Current Next
State W State 2
A 0 B 1
A 1 c 1
B 0 D 1
B 1 F 1
c 0 F 0
c 1 E 0
D 0 B 1
D 1 G 1
E 0 F 0
E 1 c 0
F 0 E 0
F 1 D 0
G 0 F 0
G 1 G 0

* Use state names instead of state encoding to
simply table.

400143

Partitioning Method

= Second test

= For all possible sequences of inputs, the FSM outputs

will be the same starting from either state

4 = (AD)(B)(CEG)(F)

Inputs Outputs
Current Next
State State 7
A B

Whenw =0 Whenw =1
CgoestoF Cgoesto E
E goesto F EgoestoC
G goesto F G goesto G

F, F, Fin same
partition

E, C, Ginsame
partition

ECE 474a/575a
Susan Lysecky

o|nnimmlo oo oo o>
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* Use state names instead of state encoding to

simply table.

avota3

Partitioning Method

= Second test

= For all possible sequences of inputs, the FSM
outputs will be the same starting from either state

4 = (AD)(B)(CEG)(F)

—

F should be
equivalent to itself,
move to next group

ECE 474a/575a
‘Susan Lysecky.

Inputs

Current
State

A

o|nnmmooloo|jw m|>

G

~ o|r o|k ok o|r o|r o|r of =

Outputs

Next

State 2

B

njlomo e ®m T |n oo
o olo oo ok rlo olr krlk

* Use state names instead of state encoding to

simply table.

420143
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Need for Automation

= What happens when FSM get even bigger?
= Table for large FSM too big for humans to work with
= 100 states would have table with 100*100=100,000 state pairs cells

= Automation needed
= State reduction typically automated
= Often using heuristics to reduce compute time

Inpus: x; Outputs: 2

Digial Design ECE 4742/575a a30fa3
Copyrght © 2006 ‘Susan Lysecky
Frank Vahid
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