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e Comparator

e Multiplexor
 Demultiplexor

e Simple Memory Device

e Programmable Logic Array
e Adder
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Compare two bits for equality: A,B. Build AND & OR, combine output with invertor/OR; truth table
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e Use to select bits from alternate sources

e Used in bus design, communications sharing
e Time Division Multiplexing
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Show 2 to 1 multiplexor constructed from AND/OR and clock with not-clock..
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AB=A+B
A+B=AB

A B | AANDB | ANANDB | A" | B A OR P’
0 0 0 1 1 |1 1
0 1 0 1 110 1
1 0 0 1 0|1 1
1 1 1 0 01O 0
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e Convert multiplexor to all NAND gate implementation.

AB=A+B

A+B=AB
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Show 2 to 1 multiplexor constructed from AND/OR and clock with not-clock. Convert to all NAND gates by adding invertor bubbles and redrawing.
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e Separate two signals that are combined.
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Show 1 to 2 demux constructed from ANDs and clock with not £ State] JNIVERSITY
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e Convert to NOR implementation. AB=A+B

A+B=AB

Show 1 to 2 demux constructed from ANDs and clock with noQ[pé/ gPt %o%gg?t t%ogl?N%ﬁ? Eg?eg%?/ aagmg invertor bubbles on —”/gﬂ‘ﬁ\m
inputs and simplify.
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e Convert to NOR implementation. AB=A+B

A+B=AB
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Show 1 to 2 demux constructed from ANDs and clock with notpé/ oglb Ac?s ﬂow W(I)?] m&ert%? giogaggoonn outputs to build with —sISueﬁIﬁeI%%}’avsm
NANDs and invertors from NANDs.



M SACS Mastér of Science in Applied Computer Science Syn C h ro n I Z I n g

For Experienced Professionals

CS 8421 Comguting Systems, Dr. Hoganson
e How to combine a multiplexor and demultiplexor.

e |ssue is synchronizing the clock
e Ways to do this:
— Separate clock signal line along with data
— Somehow combine clock signal with data (data comm)
— Have two clocks, but synchronized them before
transmitting (by?: bit, byte, word, packet, frame,
connection)
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Draw mux/demux together with common clock. Also draw in NAND form.
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e One of many ways to build memory.

e Other constructions with gates.
e Store small charge with a capacitor.
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Show single bit memory from multiplexor. Build from selector+multiplexor+feedback.
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e Convert to NAND implementation AB=A+B

A+B=AB
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Show single bit memory from multiplexor. Build from selector+multiplexor+feedback. Convert to NANDS with invertor bubbles.
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A B C

Implementing l

boolean functions V

in hardware. V V

(Combinations of =5 ) t ABC

boolean variables)

) i5

/
A AC
J

(b) Connection design for three-input Output 1 Du_tputE
two-output PLA ABC+AB AB+AC
Copyright © 2004, 2006, Dr. Ken Hoganson ”/slg.‘%n%

Initially, all lines connected. Programmed by “blowing” fusable links with large voltage. Some details abstracted.
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CPU must do (at a minimum) ADD, AND, COMPLEMENT. All

other operations can be made from these fundamentals (but
slow).
Half-Adder: adds two bits together without a carry-in.
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Show TT: 11, 12, Sum, Carry. Draw with AND, OR, Invertor. Show symbol for HA.
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Easy way to do the SUM part of the H-A.
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Introduce X-OR. TT and gates. Show HA with X-OR for SUM, and AND for carry.
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