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Part |: The Switch

“The first light switch employing quick-
break technology was invented by John
Henry Holmes in 1884 in the Shieldfield

district of Newcastle upon Tyne.”

Wikipedia






Relay: electrically operated switch

Image courtesy of Wikipedia
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Part Il:
Switching Networks
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Shannon’s Boolean analysis (1937)
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Equivalent transformations

f

d

p = X

f =(x Ax)V (x A x)=x



Equivalent transformations

bmc
fabzx/\y
f . =xAz
f,.=y Az



Part Ill: Algebra

“Algebra is arithmetic for lazy people.”

Author unknown



Algebra is arithmetic for lazy people

| 1234|5017 |64 e

1+2+3+...+4100="7



Algebra is arithmetic for lazy people

1+2+3+...+4100="7

=(1+100) + (2 +99) +...
=101+ 101 +...
=101 * 50
= 5050



Algebra of Switching Networks
a b b d
a b b d
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AXioms

P
q r q-° ° y

™ \ Wt | 7 *1 ™

*(p—Qq)—r=p—q+p—r+q—r
*(qzg)=>(p—q)—r=p—q+q—r



Theorems

(pb—qg)—r=p—(q—r)
p+eE=p

p+p=p

p+p—qg=p—0@

Very different from arithmetic!



From graphs to families of graphs

* [O]lp=¢
* [1]p=p

* [X]p is a family of two graphs: {€, p}

 Switch is afamily{p+q, p — q}

*p——q=p+q+[xl(p — q



From graphs to families of graphs

* [O]lp=¢
* [1]p=p

e [x]e=¢€

* [x](p+q)=[x]p + [x]qg

* [X]J(p — q) = [x]p — [x]q
* [x A ylp = [x][ylp

* [x V ylp=[x]p+[ylp




Algebraic representation

pe *°q P—(
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Equivalent transformations

X X
L > a b

X X
a—b =  (a+b) = (t,+t,)



Equivalent transformations
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CMOS family of networks

+Vdd vdd

1Gnd 1Gnd



CMOS family of networks

T.




NAND gate synthesis

(X=T+c— L1, ifaAb

X=T— Cc+ J_,Ifa/\b

T Vdd

o—> C

Gnd

- Vdd

1 Gnd



NAND gate synthesis

A=B,ifF < |F]JA = |F]B



NAND gate synthesis

(X=T+c— L, ifaAb

X=T— c+ 1L,ifa/Ab

4

‘laAblX=[aAb](T+c— 1)

[aAb]X=[a Abl(T— c+ 1)



NAND gate synthesis

laAblX=[a Ab](T+c— L)
‘ +
[a AblX=[a Abl(T— c+ 1)

@ by congruence

[a Ab]X+[a AblX=[a AbJ(T+c— L)+[a Ab)(T— c+ L)




NAND gate synthesis

[a AblX+[aAbX=[aAbl(T+c— L)+[a AbJ(T— c+ 1)

& factor

(@aAb)V(@ADbIX=[aAbl(T+c— L)+[a Ab](T— c+ L)

&simplify

X=[aADb](T+c— L)+[a Abl(T— c+ 1)




NAND gate synthesis

- Vdd /T\Vdd

Q|
S

a/Nb

I > N\ .

Rewriting rule
for decomposing
aNb complex switches *
into transistors

| Gnd Gnd

a




Decreasing uncertainty

_ _ Vdd
Vdd B _
X |
al |b r
a b
)V C
~ > ¢ ® > (C
a Rewriting rule a b
o for symmetric
networks * *
b b a
1 Gnd Gnd




Decreasing uncertainty (delay

%10 Mante Carlo results - Worst case delay at 20C
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Decreasing uncertainty (power)

%10 Monte Carlo results - Power consumption at 20C
3 T T T T T T T

25 ................... ................... \.», ................... ................... ................. —

15 e ................... ................... \. ....... ¢

11 R REERERRRRREE 1 A ................... \.- ............... ..... '

On'W an'W 10nW 159n'W 20nW 2an'W J0nWw JanW 40nW
Power



Checking non-functional properties

X X X
Qe e b > a b
X X
X X X X
a b > a b
X\ X X\ Y

failure



Thank you!



