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Abstract
This paper analyze the concept of logic gates and its real life applications in
various fields.This paper describes the concept of logic gates on Pre A*-algebra. We

analyze the concept of logic on Pre A*-algebra.This paper studies logic gates on Pre
A*- algebra.
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I. INTRODUCTION:

Logic gates are the fundamental building blocks of digital systems.the name logic
gate is derived from the ability of such a device to make decisions,in the sence that it
produces one output level when some combinations of input levels are present,and a
different output level when other combinations of input levels are present.

There are three basic logic gates that are OR Gate, AND gate ,NOT gate which are
described below.The fact that computers areable to perform very complex logic
operations,stems from the way these elementary gates are interconnected.The
interconnection of gates to perform a variety of logical operations is called logic
design.

Pre A*-algebra is regular extension of Boolean logic to 3 truth-values, where 0
stands for false,l1 stands for true but the third truth-value stands for an undefined
truth-value.By well known definitions of logic gates,AND gate,OR gate,NOT
gate, NAND gate,NOR gates in the Boolean algebra, we define logic gates,AND
gate,OR gate, NOT gate, NAND gate,NOR gates in Pre A*-algebra.We use the
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operations A,v for AND gate,OR gate respectively where the complementation is
used by NOT gate.

Boolean algebras, essentially introduced by Boole in 1850’s to codify the laws
of thought, have been a popular topic of research since then. A major breakthrough
was the duality of Boolean algebras and Boolean spaces as discovered by Stone in
1930’s. Stone also proved that Boolean algebras and Boolean rings are essentially the
same in the sense that one can convert via terms from one to the other. Since every
Boolean algebra can be represented as a field of sets, the class of Boolean algebras is
sometimes regarded as being rather uncomplicated. However, when one starts to look
at basic questions concerning decidability, rigidity, direct products etc., they are
associated with some of the most challenging results.

In a draft paper [5], The Equational theory of Disjoint Alternatives,
around 1989, E.G.Manes introduced the concept of Ada EQ (Algebra of disjoint

alternatives) (A, A, V, (), (), 0, 1, 2)(Where A,V are binary operations on A, (-),, (-
)x are unary operations and 0,1,2 are distinguished elements on A)which is however
differ from the definition of the Ada of his later paper[6] Adas and the equational
theory of if-then-else in 1993. While the Ada of the earlier draft seems to be based on
extending the If-Then-Else concept more on the basis of Boolean algebras and the
later concept is based on C-algebras (A, A,V,(-) 7) )(where A,V are binary operations
onA,(-) ~ is a unary operation ) introduced by Fernando Guzman and Craig C.
Squir[2]. In 1994, P.Koteswara Rao[3] first introduced the concept of A*-algebra (A,
A V5 ()7, (O 0, 1, 2) )( where A,V,+ are binary operations on A, (-) 7 ,(-)= are
unary operations and 0,1,2 are distinguished elements on A) not only studied the
equivalence with Ada, C-algebra, Ada’s connection with 3-Ring, Stone type
representation but also introduced the concept of A*-clone, the If-Then-Else structure
over A*-algebra and Ideal of A*-algebra. In 2000, J.Venkateswara Rao[8] introduced
the concept Pre A*-algebra (A, v, A, (-)")(where A,V are binary operations on A,(-)~
is a unary operation on A)analogous to C-algebra as a reduct of A*- algebra, studied
their subdirect representations, obtained the results that 2= {0, 1} and 3= {0, 1, 2} are
the subdirectly irreducible Pre-A*-algebras and every Pre-A*-algebra can be
imbedded in 3% ( where 3% is the set of all mappings from a nonempty set X into 3=
{0, 1, 2}).

Boolean algebra depends on two-element logic. C-algebra, Ada, A*-
algebra and our Pre A*-algebra are regular extensions of Boolean logic to 3 truth-
values, where the third truth-value stands for an undefined truth-value. The Pre A*-
algebra structure is denoted by (A, v, A, (-)")where A is non-empty set,A,V are
binary operations and ~ is a unary operation.

II Pre A* - Algebra:

2.1 Definition: An algebra (A, v, A, (-)") satisfying:
(a) X))y =x,VxeA

(b) xAx=x,VxeA

(c) XxAYy=yAXx,VXyeA

(d XAy =X Vvy,VxyeA



A Study of Logic Gates on Pre A*-Algebra 3

() xA(yrz)=xAy)Az,VXxy,zeA
) xA(yvz)=xAy)Vv xXA2),VXxyzeA
(g) xAy=xAXVvy),VxyeA

is called a Pre A* - algebra.

2.2.1 Examples : 3= {0,1,2} with v, A, (-)” defined below is a Pre A* - algebra

A 0 1 2 v 0 1 2 X X~
0 0 0 2 0 0 1 2 0 1
1 1 1 2 Pre
1 0 1 2 1 0
2 2 pj 2 .
2 2 2 2 X X
1 U 1
v ‘ 0 1 0 1
0 0 1
1 1 1 1 0

Actually (B, v, A, (-)) is a Boolean algebra. So every Boolean algebra
is a Pre A* - algebra.

2.2.3 Note :- The elements 0,1,2 in examples satisfy the following laws.
(a)27=2; (b) 1 Ax=x,V x €3 (‘1 the identity for A)

(c)I"=0; (d) 2Ax=2,Vxe3

(e) 0vx=x,Vxe3 (‘0 is the identity for v)

2.3 Logic on Pre A* — algebra:
We will use digital logic in_ Pre A* — algebra for the elements 0,1,2. in_ Pre A* —
algebra we can use logic signals 0,1,2.Suppose 0 for False,1 for True,2 for some
specific signal.
For Pre A* — algebra to implement a system,we will choose one of the physical
manifestations to represent each value.The inputs and outputs of a digital system
represent real quantities,these are 0,1,2 each for different signals.Inputs and outputs of
the logic gates can occur in two levels termed as HIGH,LOW or TRUE,FALSEor
ON,OFF or simply 1,0 where as for Pre A*-algebra,we can use 3 levels in which 1 for
HIGH or TRUEor ON,2 for LOW or FALSE or OFF and 2 for any other indication.
We adopt the connection that the lines entering the gate symbol from the left are
input lines and the single line on the right is the output line.

2.4 Logic Gates on Pre A* — algebra:
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2.4.1 (a) OR Gate :-

OR Gate may havetwo or more inputs but only one output.The output assumes the
logic state 1,even if one of its input is logic 1 state.Its output assumes the logic state0
state,only when each one of its input is logic 0 state.OR gate may takes output 1,even
if one of its input is 1.

In Pre A*-algebra,OR gate is used for v operation.OR gate may takes output 2,even if
one of its input is 2.

Fig (1) shows an OR Gate with inputs x and y and output A = x v y where V is defined
by the truth table in Fig. (ii).

A=xvy
¥
Fig (i)
X y XVy
1 1 1
1 0 1
1 2 2
0 1 1
0 0 0
0 2 2
2 1 2
2 0 2
2 2 2
Fig (ii)

Logic symbol and truth table for OR gate in Pre A*-algebra

Thus the output A = 0 only, when input x = 0 and y = 0, otherwise A =1 or 2 gate
may have mere than two inputs Fig (iii) shows an OR gate with four inputs p, q, 1, s
and output A = pvqvrvs
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A=pvqvrvs

Fig (iii)

The output A = 0 if and only if all the inputs are 0.
Suppose for instance, the input data for the OR gate in fig (iii) are the following
sequences:

P = 102012
q = 001001
r = 210002
s = 012010
pvqvrvs= 212012

The OR gate only yields 0 when all input bits are 0. This occurs only in the 4th
position (reading from left to right).
Thus the output is the sequence A =212012

2.4.2 AND Gate :

AND Gate may have two or more inputs but only one output.The output assumes the
logic state 1,even if all of its input is logic 1 state.Its output assumes the logic state 0
state,only when one of its input is logic 0 state. AND gate may takes output 1,even if
each one of its input is 1.

In Pre A*-algebra, AND gate is used for A operation, AND gate may takes output
2,even if one of its input is 2.

Fig (iv) shows an AND gate with inputs p and q and output A = p A q where
multiplication is defined by pq, the truth table is shown in Fig (v).

A=ppaq

~
: /

Fig (iv)
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pPA Q9

MMNMNNOOO =+ = 4T
NO—-MNO—=-MNO =0
MMNDNNONNOOMNO =

Fig (v)
Logic symbol and truth table for AND gate on Pre A*-algebra

Thus the output A = 1 when input p=1 and q = 1 otherwise A =0 or 2
Such as AND gate may have more than two inputs.

Fig (vi) shows an AND gate with four inputs p, q, r, s and output A = pAqArAs.

A=pA qATAS

Fig (vi)

The output A =1 if and only if all the inputs are 1
Suppose, for instance, the input data for the AND gate in Fig (vi) have the following
sequences.

P = 111021
q = 021101
r = 201221
s = 101201
PAQATA S = 221221

The AND gate only yields 1 when all input bits are 1. This occurs in 31d and 6th
positions. Thus the output in the sequence 22 122 1
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2.4.3 NOT gate :
NOT gate has only one input and only one output.It is a device whose output is
always the complement of its input. That is In Pre A*-algebra NOT gate is used for ~
operation. In Pre A*-algebra the output of the NOT gate assumes the logic 1
state,when its input is in logic 0 state and assumes the logic 0 state,when its input is in
logic 1 state and assumes the logic 2 state,when its input is in logic 2 state.

Fig (vii) shows a NOT gate, also called a complement, with input x and output x
where complement denoted by the ~, in defined by the truth table in Fig (viii).

X b
A=x" 0 1
X
1| oo
2 | 2
Fig (vii) Fig (viii)

Logic symbol and truth table for NOT gate on Pre A*-algebra
The value of the output A = x™ is the complement of the input x.

re., x~=1 when x =0
Xx7=0 when x = 1
X~ =2 when x =2

We emphasize that a NOT gate can have only one input, whereas the OR ad AND
gates may have two or more inputs.
Suppose, for instance a NOT gate is asked to process the following three sequences.

Al = 020001
Ay = 102001
A3 = 201001

The NOT gate changes Oto 1, 1 to 0
Note that 2 does not changes. Thus

Aq = 121110
Ay = 012110
Ay = 210110

are the three corresponding outputs.

2.4.4 NAND and NOR gates on Pre A* — algebra:
The negation of AND gate is called as the NAND gate in Pre A* — algebra and the
negation of OR gate is called as the NOR gate in Pre A* — algebra.
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There are two additional gates which are equivalent to combinations of the above
basic gates.

NAND gate, pictured in Fig (XI) is equivalent to an AND gate followed by a NOT
gate.

. NOR gate, pictured in Fig (XII) is equivalent to an OR gate followed by a NOT gate.

A
Y
B
Fig (XI)
A
3 Y
B
Fig (X1I)

The truth tables for these gates (using two inputs A ad B) appear in Fig (c). The
NAND and NOR gates can actually have two or more inputs just like the
corresponding AND ad OR gates. Furthermore, the output of a NAND gate is 0 if and
only if all the inputs arel, and the output of a NOR gate is 1 if ad only if all inputs are
0. also the output of a NAND and NOR gate is 2 if one of the input is 2.

A B NAND NOR
1 1 0 0
1 0 1 0
1 2 2 2
0 1 1 0
0 0 1 1
0 2 2 2
2 1 2 2
2 0 2 2
2 2 2 2
Fig (XIIT)

Observe that the only difference between the AND and NAND gates and between the
OR and NOR gates is that the NAND ad NOR gates are each followed by a circle. We
can also use such a small circle to indicate a complement before a gate. For example,

the Boolean expressions corresponding to the two logic circuits in following Fig
(XIV) are as follows.

a).Y=(p Aq)"
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b).Y=(p vq vr)~

p
Y
q
(a)

P Y

q

iy

(b)
Fig (XIV)

Conclusion
This paper describes the concept of logic gates on Pre A*-algebra. We analyze the
concept of logic on Pre A*-algebra.This paper studies logic gates on Pre A*- algebra.

REFERENCES:
[1] Birkoff G: Lattice theory, American Mathematical Society, Colloquium
Publications,Vol.25, New York, 1948.
[2] Fernando Guzman and Craig C.Squir: The Algebra of Conditional logic, Algebra
Universalis 27(1990), 88-110.
[3] Koteswara Rao.P, A*-Algebra, an If-Then-Else structures(thesis) 1994,
Nagarjuna University, A.P., India.
[4] Manes E.G: The Equational Theory of Disjoint Alternatives, Personal
Communication to Prof.N.V.Subrahmanyam (1989).
[5] Manes E.G: Ada and the Equational Theory of If-Then-Else, Algebra Universalis
30(1993), 373-394.

[6] Venkateswara Rao.J., On A*-Algebras(Thesis) 2000, Nagarjuna University,
A.P., India

[7] Venkateswara Rao.J,Praroopa.Y “Boolean algebras and Pre A*-Algebras”,
Acta Ciencia Indica (Mathematics), (ISSN: 0970-0455), (2006) 32: pp 71-76.)

[8] Venkateswara Rao.J and Praroopa.Y, “ Pre A*-Algebra as a semilattice”,
Asian Journal of Algebra, (2011)Volume 4, Number 1, 12-22

[9] Venkateswara Rao.J and Praroopa Y., “Lattice in Pre A*-Algebra”, Asian
Journal of Algebra, ISSN 1994-540X Volume 4, Number 1, 1-11, 2010.



10 Dr.Y.Praroopa and Mr. P. Chenchu Babu

[10] Praroopa.Y, On Pre A*-Algebras(Thesis) 2012, Nagarjuna University, A.P.,
India

[11] Praroopa.Y,Concepts of Pre A* -Algebra in International Journal of Creative
Research Thoughts in UGC approved journal 49018 with ISSN No0.2320-2882
,Volume 13, Issue 4, April 2025

http://www.ijcrt.org/papers/IJCRT2504018.pdf




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


