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L01 Summary: Digital Design

Given a funcrional descripdan and perfarmancs, COSL & powear
CONSIaNTE, COMe LD Wizh an Impemenianon using 3 sez of
primigves.

= How do we learn how to do this™

1. Learn aboud the primitives and how fo gensrats them.

2. Learn aboud decign reprecentation.

Z. Loarn formal methodes to optimally manipulats the reprecentasions.
4, Look ot d=clgn axamples.

B. Ucs trial and snror - CAD foode and protbody ping.

- Digrtal design is in some ways more an arf than a
science. The creafive spirtt is critical in combining
primitive elements & other components in new ways o
achieve a desired function.

= However, unlike art, we have objective measures of a
design: performance cosf power & Time fo Markat
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The Boolean Abstraction
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Mapping from physical world to binary @
world

Technlegy Etate O Statel

Flay logee Cirent Opsin Cirelit Claged
CMOES kgic 00-1.0 walts 2.0-210 velts
TransizTer transiztor kegic [TTLIOO0-0.8 valts 2.0-510 valts
Filne Opfics Light &ff Lighi an

Dpmeanic FLANY Dischorgid mapaciter Chrarges capasiter
Morvalatibe mamey [Eratable) Trapped electrens NMe trapped clectrans
Pregramdable ROW Finse blown Fuse imtast
Bukile mafiary M maghietic bubble Bubble precsant
Magnatic dizk Pl Fle Preversal Fluw peversal
Compact dise P pif it

Senuw e kgl velos, merepuleds ny Evibeabe e faon.
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Possible Logic Functions of Two Variables

« 1& possible functions of 2 input vaniables:
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Logic Functions and Boolean Algebra

« Any logic function that can be expressed as a
truth table can be written as an expression in
EBoolean algebra using the operators: ', +, and =
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Minimal set of functions

= Implement any logic functions from NOT, NOR, and
NAND?
- Fiar sxampis, Implsmenting Xamd Y
Ic the came ac Implementing mnot (< pand ')

= Do it with only NOR or only NAND
~ HOT |e Jusi 2 HMAND or 2 MOR with both Inpuic Hed iogethar
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Waveform View of Logic Functions
» Just a sideways truth table

- But mots how =dgas don't lne up sxactly
- Hizkss tene for a gats to ewiden Its outpuf!
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From Boolean Expressions to Logic Gates

* More than one way to map expressions to
gates

i
-8g. Z=A-B-(C+D)= (A"~ (B-(C > D))
use af I-input gate
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Proving theorems (perfect induction)

» De Morgan's Law
- pomplais fruth table, sxhawsiive prood

JI>»=1>

, X ¥ x ¥ lfr-¥y x'-¥
(=¥ =g - | T T T
HOR i cswvakent o AND @ 1 1 & i 1]
with inperte czmplerented g ? E 1\:‘ g E

[0 - %Y =X =
HAMD i cguismes® += OR
with inputs czmplenentad

Push by, bukibla from owbput io Irput and changs symbal
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An algebraic structure

5
W
* An algebraic structure consists of a.@"p
- & gat of slemants B 1:'-&
~ binary operatione { +, =} :;:.'3"1:
- and a unary operation { ) W

— guch that the following axloms hobd:

1. set B contains at lsaat two slemants, 3, b, suchthataw=b

2. closure:; g+ BINE a-b leinB

3. commutativity: a<b=b+3 ab=hb-a

4 assoclativity: a+(b-cj={a+bj+c a-(b-c)={a-0j-c

5. Manisty: a+0=a a=-1=a

&. distributivity: a+{b-ci=ja-bj-|a-c) a-jb-cj=|a-b)j+{a-c)
7. complam ca+a =1 g=a=0
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