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L22 DeMorgan’s Theorem

Proof of DeMorgan's Theorem:
{for 2 variables)
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L21 Primitives Fri. February 8, 2002
AND:
CR:
NOT:
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L23 |dentities Fri. February 8, 2002
Flanerdary:
AR =1 Adl=1
APl=i A+fm i
AfA=4 At hom fy
ARA=1D A+A=1
4 prnra bt
APf=Q*A A+D=D0+4
Chstribuctives
AP+ mA*D+AD A4+DB*Ci={A+ B *{4+0)
Ahsorpticn:
AFA+DB)l=A A+{AFH)=A
Meirsdisss:
.'I.'[..".IH]—.'L"H- Ab(fA*D=A4D
Consensus

A+B)*(A+0*B+C) A*B+A*C+B*C
={A+ )" (A+0) =A*D+A*C
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L24 Duality and DeMorgan Fri. February 8, 2002

Equals is by DeMorgan's Theorem
FIA.B.0. 1% +)=F(A. B, 1,0,+%)

Duality D Tltj'

Fi(A, B, 10, +, %) =Fd (A, B.0, 1.%4)

Fri. February 8, 2002
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L25 Mass. Stoplight Check Fri. February 8, 2002

Massachusetta Stoplight Check Function
(F = 1 implies stoplight congatency: may be
workingl)

Truth Table:

Allowsd Combinations of
lphts [it are red, yellow,
ereen, and red + yellow,
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L 26 Standard Sum of Products Fri. February 8, 2002
Standard Sum of Producta (Or of Anda)

F=rsgasgtreysgragegrraysy
=T«Prg+P*(Fay+ref+rey)
=Fag*gt+g*(Fey+r=(g+yl
“regegtpe(rey+r)
=Fxfrg+g*ir+yl
=T-tﬁ'=t_|';l+ftﬂ+]‘|-t_|']'

Or, wing DeMorgan:

Fowirageg) «(m+(r+y))
“ir+y+pieig+rsy)
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L27 Standard Product of Sums Fri. February 8, 2002

Standard Procuct of Sums {And of Ors)
F=(riy+me(r+g+Petp+ner+y+a)
= (rty+ae(g+ir+e(ry)e{r+y)
= [rtyt+gle(g+irtyer)
= [rtyt+gle[gtrey)
= [rtytgle@+rie(a+y)

By DeMorgan;
F=ragegtags(r+y)
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L28 Karnaugh Maps Fri. February 8, 2002

Karnaugh Maps, are:
asimple remapping of truth tables and
agraphical means of reducing logic equations.
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Use of Kmaps Fri. February 8, 2002
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L 2.10 Circling Groups Fri. February 8, 2002

DDHTG] nuju]1E
|nn]L__:|]| 1DIEE

Feat*h+ate Fea®{h+e)
b .
. R F
n ) ¥ J_-*j_
L h
i o =l
MEF: OR of ANDs MPE: AND of DHRe
Circle 1s Cirdals

L211
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Simple Circles Fri. February 8, 2002

Thee pimnpliest proupes are the larpest: this is bow we con s K-msps
to dmplify logical expressions.

ab o (01 11 10
™ 00 01 11 10 “";‘l.l o T o
w 11 oo fafeld— T
ol o |0 [l l"l-"'"
oo (o [ | i
' : ' ol
THDIERIEE ) D I—E‘—rm
: 1 ' - mn'_ﬁ]u o |[Mbed
w o1 oo }
.-"'.‘
fa b
==
There is @ templation o NOT
wiraparound these cells s, this,
to have s more complicaied answer

than the correct one.
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L 212 Uniqueness? Fri. February 8, 2002
ally sl
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oo/t [1] o0 mL[JT] o0
oo [t 1] e o[ o |11 e
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F=ib+d1*ia &b+ dr*la+b+ic
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L 2.13 Don't Cares Fri. February 8, 2002
D"t Crivees cam simplily thdngs: (inupaossilile inpils, For euamngle L
ii b it by
ed™ 01 1l 10 cd™ M 01 1110

=

oo Waan
saor o aHan

ml-"!u ﬂ{-l mll'-ﬂ ol 1

MEP=/bM+bd+facd MPS={(b+d)*a+ e+ M) *la+c+ M)

Hiere sllsed = 0001, 1111, and 10T mre con "t carm.

Note that MSP 1= MP5.
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L214 XOR Fri. February 8, 2002

Tow, there are sooe Tunctions you can't do very msch with:

Like this one: a parkty functbon  Feabcrabecraberabe

ab s{fabrabj*cr{abrab)®c
L (L A _
C
={aE) Ep*e 4 I ® g
ofo 1 ]e |1 (@ WTe s (G B
={a® P e
IERE AR
]
It cam bse implemented with this b D_
{new ) Tunciion, the exchusive OR. €
Enchusive OR X
X Y| F T ] _)_
F= Xy 0 0lo
0 11 1:3: - .
1 o1 ,
»n 1)L N Bt
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L 2.15 Gate Symbols Fri. February 8, 2002
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L 2.16 Stoplight Check Function  Fri. February 8, 2002
Mussnchusetts Stoplight Check Function
ry ry
gh 0 01 10 g 00 0 11 10
of o |[1 1)) 0fal| 1[0
o |o]o 11 ([ {lo)] o

MEF=rofg+ytig+ieeiy®g MAFS =ilfe  fgh ®dfy = dgi e+ ¥+ b
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L 217 Mass. Stoplight with NANDs Fri. February 8, 2002

Massachuzettz Stoplight Check Function

MEP-r®fg4 v g4+ e ™y g Factoresd “MSP =
reyd*fgair* iy g

] '_))Lf':}r iig’}—}‘—j >

Dione with resl BAND pates

Depi it el MAMID gates:
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L 2.18 Mass. Stoplight with NORs  Fri. February 8, 2002
Mazsachus=etts Stoplight Check Function

Factored "MSP" =
frey)®igeic® iy p

Done with real NOR gates:
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L 2.19 Totem Pole Output Fri. February 8, 2002
Some ouipuls sre
‘Totem Pole Outpit open cllecior; need
N, i pull-up resistor.
. N Spied is allected by
§ i — " R axq and by external
l:||| ol 0 et
. Py — 1 and Junction capacitance,
{ il 45
é I |
sl T b supply Rt
<4 1-2n8
v A
40Ut T, Totem Pole oiipits -" v
L ot

v = candrw LARGE aireni 1
spikien on switching., v
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L 2.20 Busses Fri. February 8, 2002

15
Open collector gates can be wired together
like this to make wired ANDs,
This is a bus because it can be driven by
more than one source,
You can’t do this with Totem Pole outputs!

By confrolling the gates on both

transistors of a Totem Pole to be

open, a high impedance is created D 1 2
(this is a tri—state). Control inputs

Cland C2 are output enables. Cl C2
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L 221 Hazards Fri. February 8, 2002
Static Hazords: Consider this AR
function: f__"'\,,' LU | 1T 10
F=A*C+B*C NERERE _I]

o {1 1)]0

A ™ L
9
[T
B—r J
[mplemented with MS1 gabes;

A=F=1 * "u_w}'__“l))l
e e I . L{:E.] ¥
o)

— 1
) =
F L~ Glitch

—=| = Gate Delay
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L 2.22 Fixing Hazards Fri. February 8, 2002
The glitch is the result of timing differences

in parallel data paths. It is associated with the
function jumping between groupings or product
terms on the K-map. To fix it, cover it up with

another grouping or product term! AB

\ c\ 000 11 10
w} o/ 0| 0 |(1][)

B

} F=A*C+B*C+A*B




