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1.0 OBJECTIVES

A the emd of this wet, the student will be abbe o

o Explamn the number system and ks usape in compuber sysdems

o [escribe the conversion oF number systems from one to the other
*  [liscuss the Binary-complement of number systems

o Explain the BOT  and ASCI number systems

e Analvze the concept of weighted and unweighted codes

s Apply the Brmary arsthmete and Computer Anthimene

o Analvee the concept of Loge gates and k-map

o Deseribe the Tendementals of Boolean alipebea



1.1 INTRODUCTION

Decimal number system (basa [0 is the standard number system followed for eounting and
measurements in daily use, Computers, being made from transistors use binary (hase 2}
number system. Tl'u.r:,.'utmr:u_iu: i bwer stakes - on and off. Another widely used number system
in compubmg, 18 hexadecimal (base 16 or ootal {base ¥) number systems. They lollow g
compist form for representimg binary mimbers, In generl, o number system of base, or rdix,
ru=es rdigns with distingt svmbols, In sy number system, numbers ane represented by g
siring of valid digt symbols of that syvstem, To determing the quantity the number represenis,
it is necessany to muldply cach diget by the weight of the digit, which is an inte ger power of
r and then form the sum of all weighied digis.

1.2 DATA AND THE NUMBER S5YSTEM

The o datg refers o fagmal nformation used for analysiz or regsoning, These _raw
facts’ pre provessed (o arrive of meaning vl mformatoen, Date stored n digital compueters
are binary-gcoded, Information iz a processed data or computational results that is
communicaied, Digital computers store binary mformation in memory or Processor
registers. These dataare either data or control information, Control mfonuation mdicate
the command signals necded for the control of data, These signals may be a bit or group
of hits,

Following are the categories of data handled by digital computers:

& Mumbers wsed in calewlaons
o Letters used m dita handling, and
v Oither charsg ters used Torspecahc fuschions
Regiaters are made up of two=sisie devices called Mip-Mops, They can store only 15 and

(%, S0, the binary number svatem is e most ideal system 1o wse in a digital computer,

But human being is comfortable doing compuiations in the decimal number system.

Drevimal { Base 10 Nomber System



Decimal number system has digees: 00 1, 2.3, 4, 5.6, 7. &, and 9. It fellows posibonal
notation, wherein, the least-sigmificant digin (right-mest digt) s of the order of 100
(unils or onesk, the secord nghi-most digid 15 of the onder 1071 (lens), the thaird nght-
mast digit 15 of the order 1072 {hundredsh, and 50 on. where * denotes eaponent. For
example, the gquantity represented by sequence of digits 322.1 s caleulated as:

IxF+2x 10 +2x 10"+ Ex 10

i Y hundred. plus 2 tens: plus 2 units, plus | tenths. This way one can caloulate the
qunntity represented by any decimal number,
Binary (Base 2} Number System

Binary is a base-2 or adix 2 number system that wses two states Oand 1 o represent.a
number. The waly digisuzed here are 0 and |, winch are also called asa true state apd a
false state, Thesedigits are calbed bits, A sequence of eight bits is called a byte (8=2%),
Ay mumber ean be represented by these baro diigins.

Binary number system alko follows a positional notation. For example, . the string of
digits 101001 represents the decimal quarntity:

1 %225+ x2 + 1 x 23+ 022+ Px 20+ 1 x 20 =41

To recognize different raumber systems, the radix or base of the number s included as a

subeeripl. For example. following statement equates binary and decimal fory-one:

(10T = (3L

Binary operations. such as wdd. subtract, multiply, and divide binary numbers 15 an
casential part of digital systems.



1.3 CONVERSION OF NUMBERS FROM ONE
NUMBERSYSTEM TO THE OTHER

Decimal 10 Binary comversion

Following example shows steps invelved in converting (28] 0 to binary:

Base |Mumber | Carry
42 28 0
2 14 ]
3 T 1
2 3 1
1
2= [11 1)z

Binary Addition

When we pertorm additons i any mrmber system, there wall be fwo outpuls: Sum {5 and
Carry( €)X

Rules for binary addition:

Tnpaid A | Toput B Sum (5} = A+B Carry ()

[f] LF] L f]
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Table 1.1 Binary sddition Bales for binary subiraction
When we perform subtractrons 1n any number systers, there will be tao oulpuls: Subtract
(51 and Bomow (B, Here 3 Bomow 115 reguired only when we subtmact 1 from 0. 5o, the

el hecame 1.

Inpani A, mdauend | Inpat B, Subtrabend | Subiract (5) A<B | Borrow (B)
] i 1l 0
Lk I i 1
1 ! I i
1 [ l i

Table 1.2 Binary subtraction Kules for binary multiplication

lopuwl A | lupot B | Muoltiply (M)A xB

i i 0

Table 1.3 Binary multiplication

When all the inputs sre |, resultis 1 and result is aiways (0, whenever ot least one inpait is

ik.



Raibes for binary division:

Four gompanents m o any diviston are Dinadend, Divisor, Quotient, and Remamder.

Input A, Dividend Input B, Divisor Drivide (D) AEB, Ouotient
0 ik Mo defimed
i 1 L}
I ] Mot defimed
I 1 1

Table 1.4 Binary divislon

The result 5 always oot defined, whenever the divisor = 0, Oetal {base 8) and

Hexadecimal (hase [6) Number System Digits of the octal number svstemoare 0, 1. 2, 3.
4, 5, 6, and 7.

Digits of Hexadecimal number system ares 0, 1. 2,3, 4, 5,06, 7.8, 9 A B C, D E, und

F, alsocalled as hex digits. Both follow posttional notation.
Examples:

Conversion of octal 136,46 to decimal:

(1366 =1 %8+ 35 8"+ 6xE" +6x 8!

=Tx6d+I B +hx]+6H8=[H.T3ha

Conversioh of hexadecmzal F9 10 decomal

{(FMNa=Fx 16+92="15x 16 +9= (249}




An octal digit relates to three binary digits as 8=2" and each hexadecimal digit relaics
to fourbinary digits as 16= 24



Convert 261 {base 1400 to hexadecimal (hase Loy

quotent | remamder

6 T

6 Tt ]

261D = 105H

1.4 REPRESENTATION 1’8 AND 2'S COMPLEMENT

Mumber theorists have: proven that oe decimal number can be-subteacted  from
another byfinding the dimimshed radix complement of the subtrahend or casting out 9s
as below:

1. Fimd the difference of the subtrahend from all mines
2. Add the vesalt to menugnd

JoAdd the corry 1T amy, ok 1o the result,

This meethad 15 also called as aking the mne’s complemen of the sibtmabend., Consder

an-example to hnd 167 — 51,
I, Gus.52= 447,

2. I67HdT=1114

Mow, the =carrvl from the thousands colimn s added back to the units® place,
1+114=115 Thus, giving us a correct resull. e, 167 — 52 =15,

To simplify computer anthoeetic, this method has heen extendad o binary aperations
oo, Complement systems give os advantage over-signed magnitinde - 25 there is mo need
to process sign bits separately. Just by looking &1 iis-high-order bit, we can check the sign

o s nmber,



One's Complement of a Signed Binary Number

Mepnve binary numbers ima signed binany number svstem are represented vsme One's
Complement or 1's Complernent method. In one's complement. positive numbers (alse
known as non-complements) remain unchanged with the sign-magnitude numbers
Positive number alwaysstarts with & _0°. Negative numbers are represented by nopating
or by taking inverse (taking the one’s complement | of its unsigned positive number,

Negative numbers in complement form alwiays stans witha =10,

The ones cormplement of =10 s =00 and vice versa, For example, just by compiementing
each bat of T 10007 2, we et s onie™s complement GHOG D05,

Subiraction of Two Binary Numbers
Consder subtmeting two numbers 9% and 23, psing one's complement. In decimal this
wionld big:9% - 23 =74,

Step 1: Convert the two decimal mumbers anto binary, Make sure that each number has the
samenumber of bits by adding leading zeros to produce an #-bit number (byie). Therefore:

(9950 in Binary s (00 LO0DT T ;

(23} in binary is: (0D010LLL);

Step 2: Mow And the complement of the sebtrabend, by changemgz all the 1% o %% and 02
i 105, the one™s comphement of (G 1% equal o 11100, Addinge the minuend and
the complement of the subtrabend gives:

(F1 BO0CKT 14 1§ 16 D0

Owerflow — | QLOG1011

There iz an everflow due o the carry forwand genermied by the sum of most significant
cofumn, Positive resalts will always have an overflow, [T the answer is negative, there is
no ewerfhow, Theovar fow can be ignored oF passed w pext cireuil if system works with
& bits,

Moo comverd the BBt answer from o one’s complement mmswer (o the real mnswer by
additg ~ 11, therefore;



(R CIRLET
+.1
(L0 T 1400

%o, the result of subtractog 23 (0100 112 Grom Q9007 10001121, usimg 1% complement
it binary gives the answer of: (01001 100 or (64 + 3+ 41 =Té01n decimal,

Thus, One’s Complement has the advantage of subtracting two binacy numbers just by
using addition, This can be compared 1o decimal subiraction egquivalentz auch as A - B,
15 the sameas saying A + (Blor =B+ A e,

Twao's Complement of a Siened Binary Rumber

Positive numbers in iwo's complement are sume as s complement. and a negative

number 15 11somie’ s complement plus ome.

Following are advantages of two's complement over one s complement:
1. There is o0 double=2er0 problemi 1 s complement has two representations [or zer,
positive and negative )

2. 1 is very easy o generate the pwo's complement of a signed binary number whicl

resulis insimpler arithmetic operations.



Consider the subtraction of twa B-hit numbers 99 and 23 using two's complement.

Step 1: Converl the two decimal nimbers into binary. bake sure that esch number hos the
samiznumber of bits by adding leading zeros 1o produce an #-bit number (byviel. There fore:

(M9 0 banary 35: {00 FOOAOL L o
(23 }yp i binary ds: (OOOTO1 1L );

Mo find the 2 s complement of (230

Lo (DL TOE006 4 +1 (complernent indivedual bits +1=( 111014001y

The complementatzon of the sublrahend means that the subtrachon becomes o muech

casieraddinon ol the two numbers, the sum s %9+ 0 2%s complement of 23 pwhichiis:

(OTI0011 )2
+(TLEOT0E 2 = (101CHT EEY) 2
The 9th overtlow bit 15 disremarded, so the result sz (01001 L) or (64 = 5 + 41 = Tojo

(r=10"s & r’s comphement

Digital computers e complement number system for logeal aperations and foreasing
the subtruchion operation. 1T we generalize, in any base r system, there are Dwo types of
complemenis-the rs complement and the (= 1 s complement. In Binary number system.
hase ris substituted by 2 and the complement systems are 2°s and I's complement and in

decimal systemit is 10°s and 9's complement

(r = 1)°s Complement

Givenn number N in base ¢ hoving n diges, the (- 1% complement of N s defined as ("
s )i
. For decimal numbers 1= 10 and 1- 1 =9, 50 the 95 complement of M is {107 - 1)

M. Mow, 1 represents & aumber that consists of a single 1 folloewed by n0s, 107 - 1 s

a number represented by 1 9's. For example, withn = 3 we have 107 = 1000 and 10°- |

Eh



= 999, Thus, by subtracting each digit of o decimal number from 9 results in s
complernent. For exarmple. the 9% complement of 340700 is 9099495 - 3407 = 639209
and the 9's complement of T2380 15 99999 - 72380 = 27619

For binary nembers, r=2and r - 1 = | s0ihe |'s complement of N iz (27 - 1) - N, Again,
A" is represented by a hinary mumber thas consistsof a 1 fallowed hy n (es, 2% - 1 iz a
binary number represented by n 15, For example, with n = 3, we have 2% = {1000): and
27 o 1 = {1 11}2. Thus. bysubtracting sach bimary digit from 1. "5 complement of o bimary

number 1 obtaimed,

I is also obscrved that the subtraction of 0 binary digit from 1 causes the bit 1o change
from O tol and vice versa. Therefore; the I's complement of a binary number 15 fonmed
by changing I's into 0Fs and 0°s into 15 For example, the 1's complement of 101016110
CRILATININ

These methods of finding (=155 complement hobds good in ectal or hexadecimal

numbersysiems o,
(r's) Complement

The ez complement of a n=digit number N in base s defined as o -N for K 2 0 and 0
fior M = {0, Comparing with the (r - s complement, we note thit the 2 complement is
obtuined by adding] to the (1- 118 complement since 1 - W =[* - 13- W]+ 1. Thus the
105 complement of the decimal 2389 156610 - 1 = 6611 and &= obtamed by adding 1 to

the W5 complement value.

The 2z complerment of binary LOLOEG 010000 + 1 =0101 10 and is obtained by adding
1t thel s complement valug,

Following method is one more interesting way to find r's complement. 10°s complernent
of number M, can be formed by Icaving all least sipmticant (Vs unchanged, subtracting
the first nonzero least significant digit from 10, and then subtracting all ligher significant
digits frome 9, The 10 complement of 4650 is 33200and is ohizined by leaving the first
zero unchanged, subtracting & from 10, and subtracting the other two digits from 9.
Sitmilarly, the 25 complemientcan be formed by Teaving afl least sigmificant (s amd the
first | unchanged, and then replacing "sby (" amnd %5 by I's in all other higher,
sigmificant bits, The 2% complemernt of 1RG s 01110 and 15 ob@ined by Beaving the



first 0 and the first | unchanged, and then replacing |'s by s and 0% by 1°5 in the other
three most significant hits,

1.5 WEIGHTED AND UNWEIGHTED CODES

Digtal devices alwys store and ranssl dota as groups of nary digis, also known as

binarveode. There are mulople cateponesof bnary codke:

Weighted codes

[n weighted codes, cach digi s azsigned o specific weight aording 1o its position,
Individual bigs are multipfied by their positonal weights and the sum of these products gives
the decimal digit, For example, 1101 i 842 1BCT code, the weights of digits from left w
pight, e, 1 01 1 ares®, & 2oand 1, vespectively, The quantiy & thus calculated as
1*EH4+1*2+]1 %=1 ],

Suppese W, W2, W3 and W4 are the weights of binary digits amnd X1 X2 X3 and X4

arg the comesponading dight valaes then decimab digie, M= W1 X1+ W1 X2 + Wl X1+
W X4 s represemed by binary sequence X4 X3 X2 X1

[ weighted codes, each digit s assigoed o specilic weight according 10 15 position,
[od ividual bigs ave multiplied by their positional weights and the sum of these products gives
the decimal dgit, For example, 1101 m 8421 BCT code, the weights of digits from lefl 1w
pight, fes, 10 1 1 are 8, 4, 2and 1, vespectively, The quantty s thus calenlated as
I*EHPF ¥ 21 =11,
Suppose W1 OW2, W3 and W4 are the weights of hinary digits and X1, X2, X3 and X4
are the correspomding digd values then decimal digit, W =Wl X1+ W2 X2+ W3 X1+
Wa X4 is represented by binary sequence X4 X3 X2 X1,

MNon-weighted codes:

The non-weighted codes are not positionally weighted, cach digit position within the

nurmber 15 nob assigned a xed valee (or weight)

Expmples: Excess-3 and Gray codd

L



Reflective codes

A code is refl ective when the code is self-complementing. In other words, when the code
fior D i5 the complement for the code for 0. % for 1, 7 for 2.6 for 3 and 5 for 4.

Example: 2421 BCD, 542 1BCD and Exces-3 ool

Segquential codes:

In seguential codes, each code is one binany nomber greater than s
precedingeode. Example: 842 1 BCD and Excess-3,
Alphanumeric codes:

Codes vsed o represent numbers, alphabetic chameters, symbaols, and  varioss

instructions necessary for conveving mtelligible information.
Example: ASCIL, EBCDIC, UNICODE,
Error defecting and correcting codes:

Codes which help i ermor detection and comection of data are called e¢mor delecting and

correcting codes.

Example: Hamming code

Ciray Code



Many pinsical sysiems supply analog o continuous output data, 1t must be converted
indce digital form to be processed by a digital compater, This conversion is dong by analog-
to-dienial converter which uses Gray cogde.

The Figure 1.1 Lists the Gray code equivalents of the decimal number 0 |5,

Binary Hexadecimal | Binary Hexadecimal | Binary H“odcclku.l%
0Doo 0 0 0101 5 1010 A
R 1 110 [ 10%1 B
001 0 2 0111 T 1100 c
0011 3 1000 8 1181 D
01 00 4 1001 g 111 0 E

1.1 11 F
Figure 1.1 Gray codes

They are also called as the minimum change code as the suecessive coded charsctirs
never differm more than cne-bit. Do to this feature, the maximem error that can creep
into i system 1% muchless than the worst -coge ermor encoimbered in case of simight banary
encoding,

Ciray code 18 nol switable for anthmetic operations as it is an unweighted code. They are
also used in inpul’output devices, and Kemaugh map ete.

A three-hit Gray code can be obtained by merely reflecting the two-hit code about an
axis at the end of the code and assigning a third hit as 0 above the axis and as 1 bolow
the axizs, The reflected (ray code i85 nothing but code written in reverse ogder: By
reflecting three-hit code, a Tour-bil code mey be obiained.




=

.

=2 = a8 =

-

Pracesa of obénining 3 bit Gray code by reflecting 2 bit Groy code
Figure 1.2 Three-hit Gray code

Lot ow comsider o few examples, The foor-bit Gy code for decsmal pumber 3% gy
(ALTERTIE

Sumilarly, Gray code for (523,00 10 and (3271 15

e ¥
0010 1101

(923000 = (1101 G011 00100001 ) Gray code
(AZTNI0= (10D0L T 100) Gray code

Excess-3 code

Excess-3; also called XN53. 45 a non-weighted code tsed to express decimal oumber-s. It
overcomes the shortcomings encountered while adding two decimal digits whase sum
exceeds 9 as in case of 542 | BCD Code,

The Excess-3 code is formied hyh;_lding _¥ tweach digit and then replacing each digit by
its four-bat benary squivabent.



The key feature of the Excess-3 code is that it is self-complementing. In other words,
the 1's complerment of an Excess-3 number 1= the Excess-3 code for the 95 complement
of the comesponding decimal number. For example, the Excess-3 code for decimal 6 is
(LG0T =10010 The I's complement of 1001 50110 which is the Excess-3 code for
decimal

SO0 100D, and 3 s the 95 complement of 6. Thas property of Excezs-3 codemakes

it usefulin some arntlunctic opcratinns,

Binary-coded decimeal (BCD]

Formany applications, we need the exact bimary equivalent of the decimal system, which
means we need an encoding for individual decimal digits, This is precisely the case in
many husiness applications that deal with mongy —we canned afford the rounding ¢rors

that oceurwhen we convert real numbers W Doatmg pont dusning Boancud imnsactemns!

Binary-coded decimal which 1s commonly referred to by its abbreviation  BCID 15 very
commen in clectronics, particularly those - that display numerical data, such as alamm

clowks and caleulalars.

Ench decimal digt 15 individually converted 1o its biniry equdvakent, For example,

i encode 146, the decirmal diges ane veplaseed by Q00 OLO0, and 01 10, respecively,
Because most computcrs use bvies as the smallest unit of access, most values are stored in

# bits,not 4. That gives us two choices tor storing 4-bit BOCD digits,

Digit BCD
i {000
1 {00 ]
i T
5 i1 1
- T
5 nd
f R T

P4



7 (L18 B

8 IO

a4 1001
Zonwes

111 Unsigned
1100 Positive
116k Negotive

Table 1,5 Binary-Coded Decimal

American Standard Code Tor Information Interchange [ ASCIT)

Drigital computers deal with 101 of alphanumenic information through people. input, and

crustpiat
A5
A, o

devices. So, there is a need for a standard binary code for alphamnimeric data.
is ' a standard, which uses scven bits to code 128 characters in binary. The fetter
examphe, is represented in ASCH as 1000001, The ASCT code contains the

following charmcters:

04 pranting characters and 24 nonprmtimg characters

The printing characters consist of the 26 uppercaze letters A theough £, 1the 20
lowercase betters, the 10 nemerals O throwgh 9. amd 32 special printable charsctens
such a8 %, * ,amd

5.

The nonprnting characters or control choracters are used for routimg dofa and
arranaimgthe primted fext mto a preseibed format. Followmg ore three types of

conirol chameiers:

. Format effectors: backspace (BE), hodzontal tabulation (HT) g carmage

return (CRpaduch ¢ontrol the printing Bavour.

Information separators: record separtor (RS amd fle separior (FS) which
separnle thedata inte parngraphs and pages.

Communication condrol characters: STX (star of texth and ETX (end of text),



which areused to frame a text message when transmitted through o

communication medium.

ASCH characters most ofien are stored one per byte, though it is 2 7-bil code, Mosi
compebers manipalate an 8-bit quantity as a single unit called a bvie, Therefore, ASCII
charsclers most often are stored one per byte. The exira bt s sometmes ssed (or ather
pumposes, depending on the application, For cxmple, some prnters recomize 8-hit
ASCI charncters with the most sigmficant bt set w0, Additional 1258 8-bit charcters
wilh the most s ficant bat sel w1 ame vsed for other symbols. such as the Greek
alphabiet or italic type font. When usad in data communication, the cighth bit may be
crnploved to indicate the parity of the binary-coded character. It is possible to convert
decimal digits in ASCI to BCD by removing the three high-oeder bits, 011,

Binary codes can be prepared for any sel of discrete elements such as the smesical
nedes andposibions on the chessboard,

Check Your Progress-1
1. What 1= data tvpe and number svstem?

What is the importance of number system?
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3 What 1= the rele of number system?
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