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is as follows :

Notice that the first three additions result in a single Bit,. and t
»). Since 1 is the largest digit in the binary

yields a binary two (10
over. When binary num

requires that a digit be carried

1.4.1 Binary Addition and Subtraction :
Binary addition is performed in the same manner as decimal additio

040 =0
0+1
140 =1

- |

1+1 =0

with a carry of 1

column and a carry of 1 over to the next higher

column shoul

n. The binary addition

hat the addition of two 1's
system, any sum greater than |
bers are added, a sum of 0 in 2 given
d be observed as illustrated below :

0 | 1 4
+ 0 0 |
i 9 0 [where ity carry is encircied as(D)
The following examplels illustrate the binary ".‘diﬁ T
Examples
(a) (b) (©)
Binary Decimal Decimal  .Binary Decimal  Binary
10 2 7 " 8 1000
+ 11 +3 +4 +100 ° l " +2 +10
101 5 1 STE 10 1010
@ (¢) | @ B
Binary . Decimel Decimal  Binary Decimal  Biners
{18l 15 425 100.01 525 IOI.QI
00 +20 +1.75 * 1;11.1! +650 * 110.30
s 35 7200 . 110000 T17s  loitll
100011 - - 3 00 . U |
' Chapter-1)
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number to a s?t? tn'::twn B '5: special case ofg .?_'c:r";;"ﬂ’ and Microcontrollers

positive number is subtraction addition. In fact the addition of a negative
: gative

0- O = ()

1-0 =1

-1 =90

0-1 =1 witha borro -

3 Sosition w Iﬂf 10. Thls borrowed '1' will have a value of 10 in the current
t us exami ' = G

example : ine exactly what was done to subtract the two binary numbers in the following

i 0 }
- 0 1 o

.0 , l

[‘*‘Ip!.pu.

In this example;

(1) In the first column; we have 1 — 0 the result is I.

(2) In the second column; we have 0 — I; then borrow 1 from next column;
in this column, hence 10-1= 1. '

(3) In the third column; when.a 1 is already: borrowed, a 0 is le

The follgwing examples illustrate the binary subtraction.

making a 10

ft; hence 0 - 0=0.

_ | Examples-
[ (a) : L. (b) " (c)
Decimal = Binary Decimal  Binary Decimal - Binary
6 o | 10 1010 12 1100
_4 - 100 =7 - 111 B ~ 1000
v @ | I m T W
(d) (¢) 4y
Decimal - Binary Decimal  Binary | Decimal ~ Binary
6 . 10000 725  111.01 10.75 101011
- 10 - 1010 . -450 -100.10 -6.25 -0110.01
00110 PR 2,50  100.10
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1.4.2 Binary Multiplication and Division :
Binary multiplication is performed i manne?
y mukt : in the ith decimal nambers
simple muitiplication with binary digits is as follo:c - Tb‘
‘oxo-u=
L 0x1 =01
| 1x0 =0/

oxodacts, shiftisg 8

Note that the binary multiplication also involves forming the partial
pertal prodacts. The

successive partial product left to one place, and )
o > then
following examples illustrate the procedure and the 'nddmsﬁ'l&: e
equﬂmnmpamm
— Examples
- e}
() . | () .i(‘)
3x2=6 1 x 10 4x3=12 'toox11§716=42 mxuo:
00 00 | 000 |
1 100 " 1
110 11 il i
a * i 01010
- (d) . Q] ' 'i'
D . l .B. 3 [ st l ﬁm ,I
j2x 10=120 1100 1010 | 15x f1=165 1111~ 1011
- _——'—'_'-_-
0000 11l ‘.
1100 1L |
0000 0000
100 - | - 1111
st I
1111000 10100101 |
S
e Asinthe decimal system, division by zero-is meaningless.

Binary division is very simp}
The division by pinary digits is a8 follows : -

used in

dure similar 10 that
les for

Binary division can also be implemented by following a proce _
th appropriate modifications. Let us onsider the different examp
(Chapter-1)

long hand division Wi
binary division.
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St 'tl,own as Binary Coded Decimal (BCD) code; i decimal digits O through 9 are
m: he y their binary equivalents using four bits. In otherwords, Binary coded decimalf Solu!

ans t'at each dectmal digit is represented by a binary code of four bits. In this code, the \
designation 8421 indicates the binary weights of the four bits; i.e. 2°, 22, 2', 2°.

_ Let us consider the ten binary combinations as shown in table 1.3 that represent the ten
decimal digits in BCD. From this, we should realise one thing. With the four bits, 2* i.e. sixteen
numbers can be represented. But in this code, we are using only ten. The rest of six codc\@x

combinations that are not used. In otherwords; 1010, 1011, 1100, 1101, 1110 and 1111 are
invalid in this BCD code.

____Table 1.3 : The BCD Code '
DR S ey )
0 0000
1 0001 i
2 0010 |
3 0011
4 0100
5 0101
6 0110
i 0111
8 1000
9 1001
Example :
Convert each of the following decimal numbers into BCD.
(i) 9 (ii) 7.5  (iii) 26.8 (iv) 70 (v) 726  (vi) 7287

(Chapter-1)—



olutions :
2 6 o B

9 Y & 3
i) | (ii) | l W) | ! !
111011 1001 0111 0101 0010 0110 1000
. method and 2 7 0 7 2 6 7 2 L 7
iv) 4 i vy i PO SR ) B } l ‘
011 0000 0111 0010 0110 o111 0010 1000 o1l

WecmnlmcomidaﬂoedmmoflmmwﬁunaBCD. In this process.
mﬁﬂthedecimlpqutmdbrukmcodcimwoffwm.Tbenwrftedmmthﬂ
d The following example

the subtractio .
decimal digit corresponding to that four-bit group of binary wor

d.

25 illustrates.
Example :
Find the decimal numbers represeated by the following BCD or 8421 codes :
(i) 10000001 (i) 10010100 (i) 00111000.0001
through 9 are (iv) 010101111000 (v) 1001011001111000
ded decimalj Solutions :
is code, the 1000 0001 1001 0100 0011 1000 « 0001
i i () $ 4 (@@ 3 8 e |}
ent the ten 8 ] 9 4 1
;f’-i:':toe:n 0101 0111 1000 (v) 1001 0110 0111 1000
7 PR s 3 T i
5 ¢ ] 9 6 7 5
BCD Addition :
in each case the sum in any

lnmi-m.mmmmmmmmm:m
valid BCD numbers. The

four-bit column doesnot exceed 9. Then only the results are
following example il lustrate both the valid BCD addition and invalid addition.

9" Example :
! Add the following BCD sumbers.
p (i) 0001 0100 (i) 1001 100!
; + +
1000 0001 0101 0111
" Solutions : |
(iy 0001 0100 14 | This is valid BCD addition.
+ & _ In all the cases, the four-bit
: 1000 0001 y_ r Smisequlltootlmlhm').
: 1001 0101 95 )
, (i) 1001 1001 99 This is brvalid BCD addition. Because;
- - ] fom—bhmhwwmm‘?mdnlsouny—
' 0101 0111 57 % out of the group is generated. Hence BCD
| addition can't be performed.

J
eee——{Chapte’




, an alphanumeric code must represent 1d

code combination, Thys 0::"’ alphabet, for a total of 36 items. Hence it requires six bits in eag

(2¢ = 64) 64 total combinati s .
unused code combinati - ; ation of six bits, so we have 28 (64 -3

fus{“ one time, manufacturers used their own alphanumeric codes, which led to all kinds o
contusion. Hence the industry settled the important alphanumeric codes for the usage. These arg

ASCII code (Americal Standard Code for Information Interchange) and EBCDIC (Extended Binar}
Coded Decimal Interchange Code). | :

(i) ASCII : (Pronounced as ask—ee) : It is a widely used standardised alphanumeri{
code. It is a seven bit code in which the decimal digits are represented by the 842
coded preceded by 011. The letters of the alphabet and other symbols and instructions]
are represented by other code combina-tions are shown in the table 1.6. '5

For example the letter *B” is represented b}’ 1000010 (42),,, the positive sign (+) is ‘
represented by 0101011 (2B, ) and ESC (Escape) is by 0011011 (1B, ). "

(ij) EBCDIC : (Pronounced as ebb'see dick) Itis an _eigh_t bit alphanumeric code. In this |
code, the decimal digits are represented by 8421 code preceded by 111. The letters, }
symbols, commands-characters and instructions are shown in table 1.7.

For example, the capital letter ‘C’ is represented by 11000011, small letter ‘¢ is
represented by 10000011 and the positive sign (*) is by 01001110.

(iii) In addition to the above two codes, Telegraphic code and Hollerith code are also
known as ‘alphanumeric codes'. Telegraphic code / Morse code is used in Telegraphy.
Hollerith code is used in punched cards. |

T
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0000) | N 0 ) v L e |
L 0010) | son | nc, | : A Q R
§ oo | stx | nc, | - 2 B . ]
one) [ ETX | by, | 3 ¢ ’ ot
0100(4) EOT DU, $ 4 D T d t ‘
0101() | BNQ | NAK | % s 2 v ‘ ’
0110(6) | ACK | swN & 6 F v J :
o | BEL | ETB ' 7 G v b "
10008) | BS | CAN 8 H % " "
1019) | HT | EM ) 9 N ' J
1010(A) LF SUB . ; J Z ) .
e | v ESC + ; K [ k {
1100(C) | FF FS , < L \ ‘ ‘
i) | @® as -/ - M ] m )
I1ID(E) | SO RS / > N 1 n ~
H11(F) Sl Us / ? 0 « o | DEL
' Definitions of control abbreviations :
ACK Acknowledge ETB  End of transmission block
BEL Bell ETX  Endtext
BS Back space FF Form feed
CAN Cancel F$S Form ‘separator
CR’ Carriage return GS Group separator
DC,-DC,  Direct control - HT  Horizontal tab
DEL Delete idle LF Line feed
DLE Data link escape NAK  Negative acknowledge
EM End of medium NUL  NULL
EI;IQ Enquiry RS Record separator :
EOT End of transmission SI Shift in
ESC Escape SO Shift out
SOH Start of heading STX  Start text
SUB Substitute SYN  Synchronous idle
_ Us Unit separator VT Vertical tab
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“ , The parity check is based on the use of an additional bit, known as a 'parity bif or ‘parity-check

o TS Parity can be associated with eachgroup, An even-parity-bit checking code s aparitybi

:"Ch ﬂl:]:!he sum of the 1 in the code group plus the parity bit is always an even number. Similarly

[ §°r & odd-parity-bit checking : , i
1§ contains the both odd System. The example shown in Table 1.8 which uses 8421 co

2 parity bit and even parity bit, at independent level.
3 Table 1.8 : ODD and EVEN Parity Bi
4 ", v : ‘,’ ‘% YA, SR = R
7 : 0001 0 |
‘ 2
8 | 0010 0 :
9 3 0011 ; 0
. 0100 0 1
’ 0101 \ .
6 0110 i 0
! 0111 0 :
8 1000, 0 1
: ; :

x‘i‘ XG x§ x'l x'! x'l xI xo
1 parity bit. : |
Thus the technique of parity checking is the most popular method of detecting errors in

- stored code groups for storage devices and whenever the data transfer occurs between the
digital systems.

() BOOLEAN ALGEBRA AND GATES

/INTRODUCTIONTO 00 . R

'ﬁoolean Algebra' (also known as 'Switching Algebra') is a set of rules, laws and theorems
by which all logical operations can be' mathematically expressed. It is only the convenient way of
expressing the functions of digital circuits and systems.

This algebra was first introduced by George Boole, an England mathematician. It also provic?.es
an economical way of describ'ing the circuitry used in digital systems. It is a basic too.l to d.etem.nn? _
the logical operations of digital electronic systems. This chapter also presents the simplificatior

of logic expressions using Boolean algebric postulates and theorems. —{Chay




Aes or Axioms. Any thing whic

. The theorems of the Booleaa

Postulgrc 1:
(2) An OPeration *+* is gef;
X\ yesM,

(b) An operu
on "®" is defi - ir of
clements X, y&M. ined such that if w = x ® y then w ¢ M for every pa

Postulgge 2 ;

ned such that ifz=x+y then z € M for every pair of clements

(2) There exists an elements ‘0’ in M such that x + 0 = x for every clement x § M. r

(b) There exists an element ‘1" in M such that x ® 1 = x for every element x ¢ M.
Postulate 3 ;

For x, y & M the following commutative laws hold as follows :
(a) XEymyEx .
(b) xey=yex
Postulate 4 ;

For X, y, z € M the following distributive laws hold as follows :

(a) XO(y+z)=x0y+x0z

(b) x+(y®z)=(x+y)®(x+2)

Postulate 5 :

For every element x ¢ M, there exists an element X such that

(a) x+X =1
(b) x®@X=0
Postulate 6': - ' .
There are at least two elements X, y € M such that x # y.

Thus Boolean Algebra is defined on a set of elements M, together with two binary operations
‘+'and ‘®’ and unary * operation - (a bar 'over the variable), for which the above postulates are
satisfied. The list of the postulates of Boolean Algebra are brief up indicated in the table 1.9,

* Note that unary operation is the operation over a single variable.
(Chapter-1)-
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1 (e}

i (v
(b)

Toble 1.9 - Pastulates of Boslesn Algebrs

* operstion Me=xty
! @ operation h)w=x y}&m'“““
‘: - for every pair of elements x_ y ¢ M
- Existance of an element | s39=1x

Existance of an clement | tl‘t' for every element v s M
| Commutstve operstion (uty=y+n

L ) y=y.n
Distributive operstion @ r)=x yrx ¢ ;

oMy D(xry) (xr0
Unery operstion (-) Wrsx =)

(2 bar over the variabie) | ®)x T =0

i Two clements x, y ¢ M such that x » y

Theorems of Booleu Algcbn are un(nl in mnpull!m[ and umpi:fymg the Boolean
Algebraic expressions. Table 1.10 shows various theorems with their specific purposes

Table 1.10 Theorems and Laws of Boolean Algebra

=l Na pomsary
. 2 /"1 o Sl VA o B
| 1 ‘ A+0=A |
|2 Avl=] ®
| 3 l AtA=A l; operation |
\ 4 l AvAa=l ll .
t | .
l s A.0 =0 |\
6 Ao l=A AND |
1 | Ao A=A operation \
E l Aca=0 ‘ = ___..,!
9 »=A(fA=Othen |  Complement(NOT) |
‘ | A=LA=)thenA=0 operation (Involution) |

{Chapt:



1, 30w
\_—_‘_-_ D: ;"d, .
§ital Ele Pomics and Microconirollers

; 10 | —
[l A +R= I. F |
1 | - &'Mmls
e ' ! AeB = 1+R !
: —— "T“‘" e e —— L Imm’ !
o R
A+B= [

. 3 | B=B:A Commutative |J

' | A+ B=B.A Laws '
;'“-_____-___—_*"\— - '
| | T
.* 4 . -
| 14. [ (A+B)+C=A+B- () Associative '.
| |
! IS. | (AuBNC=AB.O) Laws
= '—"—___"""L---——-__-._ — ! ;
| B
? 16 | ABAO=A.BeALC | Distributive !
L 7. il (A+B)eC=A.C+B.C | Laws

From these theorems, we must note the following
(1) Boolean Algebra is the algebra of hinary variables 0 and 1, and these theorems are
used to construct an exampie or realisation of a Boolean Algebraic expressions.
(2)  The mathematical symbois "+ and o represent OR and AND logical operations
respectively. The symbol ~ (a bar over the variable) or unary operator represents
NOT (or) the ‘complement of the logic operation.
(3)  In these theorems, one part may be obtained from the other if '+ is interchanged with
o', and 0’ is interchanged with ‘)" This is known as 'dwaliny’ and can be greatly

utilised in the theorems
(4)  The knowledge of the simple logic expressions (or) operations is essential for
simplification of various logical expressions and for the design of the digital

systems.
Based on the De-Morgan's theorems, we have two important universal operations, |

i.e. NAND and NOR
Each theorem may be proved by using the proof by perfect induction. For example,

(6)
for the theorem 7 as shown in the table 1 10, the variable A can have only the value

Oor ). IfA=0, 2040=0o0rifA=1 =>1lel=1 Hence Ao A=1 Thus,

this same technique may be utilised to prove the remaining theorems.

The theorem 9 states that double complementation of a variable results in the original

(%)

variable. IfA =1, then A=0and A =lie, original value. If A =0, then A = |

and A= 0 i.e., original value. Hence A = A. This operation is also known as ‘involution'
(8) The three laws; commutative, Associative and distributive (as stated in the table 1.10,
the theorems from 12 to 17), may be extended to any number of terms; as follows
A+B+C+Y+M=A+Y+M+B+C,
ABCM = BCMA,
A(B+C+D)=AB+AC+AD

Basically these laws are useful in regrouping the ferms of an equation.

——
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(9)  The following simple logic expressions may be proved by ising the proceei
theorems, as follows

() A+AB=A(1+B)=A(~ (B+1)=1as per the theorem 1)
L A+AB=A
() A.(A+B)=A.A+A.B
=A+A.B(" A.A=A as per the theorem 7)
=A(1+B)=A( (1+B)=1 as per the theorsm 2)
S A.(A+B)=A
(i) (A+B)(A+C) =AA+AC+BA+BC
=A+AC+BA +BC (- AA = A as per the theorem 7)
=A(1+C)+BA+BC
=A+BA+BC (= (1+C)=1 as per the theorem 1)
=A(1+B)+BC
- =A+BC (*+ (1+ B) =1 2s per the theorem 2)
. (A+B)(A+C)=A +BC.

(10) Asweh)owﬁmthetheommscanalsobemwdby?u&mhdm: Then 2
isnm&rytoconshuctthctrummhlefubothlcﬁhmdmdﬁ@hwof&e
¢quation and compare the result. For example, let us verify the expresson, iz

A+ AB = A + B by perfect induction, in the following truth table.
(Note that the truth table is a table that shows all possibilities of 2 variable)

TR VIR L

§ .. j&- R

0o [0 | 1] o0 o | o
0 1 I 1 1 | 1
1 | 0 0| 0 S
] 1 0 0 1 lL 1

1.10.1 Simplification of Expressions :
We can simplify various Boolean expressions by using theorems or rules of Boolean
Algebra; as illustrated in the following examples :




y

;:ik : Digital Electromic ond Microcontroller:
(1) Simplify the following logic expressions using Booleas Algebra.
(i) (A+B) (A+B) (ii) ABC+ ABC + ABC

() A+B)A+B)(A+0) (v B A OO
Solutions :
(i) (A+B)(A+B)

=>A.A+A B+BA+BB

=>A+AB+BA+0

(" A . A=A as per the theorem 7and B B = 0 as per the theorem §)

> A+A(B+B)

=2A+A (. B+B =1 as per the theorem 4)

= A (" A+ A=A as per the theorem 3)

. (A+B)(A+B)=A
(i) ABC+ABC+ABC
- AC (B + B) + ABC
- AC + ABC (- B+ B = | as per the theorem 4)
= A(C +BC)
> AB+C)(~C+BC=B+C)
~. ABC+ABC+ABC =A (B+C)
(i) (A+B)(A+B)(A+C)
- (A.A+AB+BA+BB)(A +0C)

- (A+AB +BA+0)(A +0)
(~* A.A= A as per the theorem 7 and BB = 0 as per the theorem §)

> [A+A(B+B)[A+C]

= (A+A)(A +C) (- B+ B = as per the theorem 4)

(" A+ A=A as per the theorem 3)
(- AA =0 85 per the theorem 8)

= A(A +0)
= AA +AC= AC
~(A+B)(A+B)(A +C)=AC

Chapter-1}
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(ivv AB+A(B+C)+B(B+C) -
= AB+AB+AC+BB+BC
= AB+AC+B+BC

("~ AB + AB = AB
as per two theorem 3 and BB =
= AB+AC+B(1+C) B e e thoorern T}

= AB+AC+B
*14C=
= B+AC
("> 1+ A =1 as per the theor
v em 2
* AB+A(B+C)+B(B+C)=B+AC )
Examplg_-

(2) Provethat (i) A+ AB=A+B

(i) AB+BC+BC=AB+C
Solutions :

i) A+AB= A

(@) ' AB=A(1+B)+AB (' asperthetheorem2,1+B=1)
= A+AB+AB
= AA+AB+AB (. as per the theorem 7, AA = A)
— AA+AB+AA + AB (" as per the theorem 8, AA = 0)
:A(A+I)_+B,(A+I)
=>A.+B ('.'A+I=1aspcrthetheorem4)
. A+AB=A+B

(i) AB+BC+BC
— AB+C(B+B)
= AB+C (-B+ B 'las per the theorem 4)

-.AB+BC+EC=AB+C

R A RGBT S T, ST
i Wf’r }39‘-#5;“‘1 g\\.‘,. .| . \ ﬁﬁ;ﬁ e % o ; S i
ot ot ot S 228 PR R b A ORI

e theorems we know that the only logical operations mvolved in
D and NOT. These operations are ]so known as basic logical

-operations-and freq uently invoived in the dcsxgn of digital systems. Each of these functions is
performed by an electronic circuit known as 'gate’, such as OR ‘gate, AND gate and NOT gate.
These logic gates are the basic building blocks of digital systcm The study of these logic gaie

is essential for the design of digital systems. |
___'__"’-(Cha?

From the study of 1h
Boolean Algebra are OR, AN




