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Instructions and Data

v

Instructions and data are in binary (1, 0) format
Binary Levels in logics: TTL (0-0.8) = logic 0, (2.0-5.0 v) =
logic 1(true). Other are ECL, DTL, RTL, etc.

How the CPU identifies a binary string as Data or
Instructions?

What is Minimum circuit to store a bit (0 / 1)?

v

v

v
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Single Memory Cell

» Flip-flop(Bipolar Transistor) as single memory cell.

» One transistor is always in saturation and other in cutoff. See
figure

» Why?

Output 0/ 1 Output 1/

1

Figure: Single cell to store 1 or 0

T
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> basic gates and universal gates

Truth table  AND GATE

‘ z
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truth Table OR GATE
X z
xyz T
_____________ 0 1
X Y 1 0
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A TTL NAND gate

Input,

Inputg
Output
DA AD, Q
R, %

=

» Fan-In: The maximum number of gates which can be
connected input to a gate.

» Fan-Out: The maximum number of gates which can be
connected at the output of a gate.
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Simple Boolean Logic Circuits

» Building circuits from basic gates

» These are called Combinational Circuits (they have no
memory element)

» Sequential circuits: O/P is function of current |/P and
previous |/P.

XY

< ,  Exclusive

== OR gate

XY'+X'Y

Expressions:
S=X'Y+XY' ?
C=XY?

X.Y+Z.W

Half adder ckt

These circuits’ output is directly dependent on I/P?
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Standard forms of expressions

- literals and their

complements at the
> We can write expressions in “Oth” level

many ways, but some ways are
more useful than others

» A sum of products (SOP)
expression contains:

- AND gates at the first level

- a single OR gate at the
second level

- Only OR (sum) operations at ooy, 2)
the “outermost” level

- Each term that is summed must
be a product of literals
f(x,y,z) =y +x'yz' + xz

» The advantage is that any sum
of products expression can be
implemented using a two-level Ml

. . Y XYz Xz

circuit
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» A minterm is a special product of literals, in which each input
variable appears exactly once.

» A function with n variables has 2" minterms (since each
variable can appear complemented or not)

> A three-variable function, such as f(x,y,z), has 23 =8
minterms

X'y 2 X'y z,x'yz' xX'yz,xy'z' ,xy'z,xyZ' , xyz
(mg, m1, my, m3, ma, ms, mg, my in short)
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Product of Sums

v

A product of sums (POS) expression contains:

Only AND (product) operations at the “outermost” level

Each term must be a sum of literals

v

Product of sums expressions can be implemented with
two-level circuits

- literals and their complements at the “Oth" level

OR gates at the first level

a single AND gate at the second level
fxy,2) =y' (X' +y+2)(x+2)
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Maxterms

» A maxterm is a sum of literals, in which each input variable
appears exactly once.

» A function with n variables has 2" maxterms
» Each maxterm is false for exactly one combination of inputs:
» The maxterms for a three-variable function f(x,y,z):

(X' +y' +2)..(x+y+2z) (My,..., M7 in short)

Product of maxterms:

» If you have a truth table for a function, you can write a
product of maxterms expression by picking out the rows of the
table where the function output is 0 (Be careful if you are
writing the actual literals!)
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Maxterms

FX,Y,Z) f(X,Y,2)

r—\r—\l—‘l—‘OOOOX
r—\r—\OOI—‘r—‘OO~<
—HOROROROIN
OFrR OO RFRKFHKF
H O, REFOOOO

fF=(X+Y+2)X'+Y+ZNX' +Y' +2Z))
= MyMs My
=TMM(4,5,)
fl=(x+Y+Z)X+Y+ZNX+Y +Z2)( X+ Y +Z)(X' +Y'+ Z)
= MoM; My M3 Mg
=M(0,1,2,3,6)
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Conversion between standard forms

The minterms can be converted into maxterms and vice-versa
using De-Morgan's laws. Considering maxterms’ expression as

f' =TM(0,1,2,3,6)
= Mo My M, M3 Mg
(") = (Mo My My M3 M)’
f = (M + M+ M+ M+ M)
= (m4m5m7)
= Zm(4,5,7)

In the similar way, the minterms can be converted into maxterms.
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Combinational Circuits

» Adders, Subtractors, Multipliers, Dividers, Multiplexers,
Demultiplexers (o/p depends on current input)

A B
truth table
A B Sum=AB+AB'=AXORB Carry=AB
0o o 0 0
0 1 1 0
1 0 1 0
AXOR B AB 11 0 1
Full Adder (FA) TT:
ABC S CO
A | o=
HA S=AXORB 000 0 0
B— [— C=AB 001 1 0 S=AXORBXORCi
010 1 0 Co=ABORACiORBCi
A— S=? 011 0 1
Ci— 101 0 1
110 0 1
111 1 1

» A full adder adds two bits and carry of previous addition.
How many FAs are required to add two 4-bit binary numbers?
Why FA is FA?
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Max and Min term expressions

f(x1,...,Xn) = 3 Xi1...Xin, Where Xj; = x;;|xG; (SOP)
f(x1,....xn) = [i(xi1 + -+ xin). (POS)

The above is called Quinne-McClusky Method.
S=ABC;+ ABC;+ ABC; + ABC;, from truth table
C, = ABC;+ ABCj+ ABC; + ABC;, from truth table

(Or, function C,(A, B, C;) = (m3, ms,me, m7). The minterm
m; assumes a value 1 for unique value of variables. Maxterm
defines the Os in the truth table).

Alternatively, sum S'is: (A® B)® G, (& is ex-or)
=(AB+AB)® G

= ABC;+ ABC;+ ABC;+ ABC;

C,, the carry out of full adder, is AB+ AC; + BC;
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Karaugh Map for minimization of gate circuits using

IS

After Maurice Kaurnaugh (Bell Labs, 1950)
Karnaugh Map for Co

BC; BC; BC; BC,
A 0 0 [1\ 0
A 0 | U 1

C, =AC; + AB + BC;

The function C,(A, B, C;) Can be implemented by three AND
gates plus one OR gate. Alternatively by: four gates each having
fan-in 2.
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K-map for minimization using maxterms

N [ O 1 |G
Al \o/ 1 1 1

N

Co(A,B,C)=(A+B)(A+ C)(B+ )
= (A—l—AC;—i—AB-l- BC;)(B+ C,')

= AB+ BCi + AG;
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