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Q12a)Implementing Boolean Functions with Multiplexers
(or)
b)Implement the following Boolean function using 8:1 Multiplexer

Oiag of the jnind Conmmo u.]1|1|'i|.'ul|i|1:|\ of i II'LI.1||I|'.I]I::I.-I;'F = s use for |rr.|.|1-i:'rnl.::1lal||.1rt ol combinatmmal
Ingse Haolean lmetione. The amples iechnigue for deing so 080 eomploy 2 2001 MUX o imgilemeni
i - variable Hoolenn function. The inpul nes corespording o each ol the minierns presenl in the
Boolean function are made aqual io logie 1" sate, The romoinang mandcrms that aee absent in the
Boolean function are disahled by making their corresponding input linss egual 10 logic "0°. As an
cammpde, Fig. (&) shows the use of an B-o-1 MUX for implementing the Boolcan funciion given
by the equaskn
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Figure 4-to-1 multiplexer with an ENABLE input.
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A showe i Fig. the input limes corespomding io the eilerme present in the grven Boolean
famction are bed o loge *1°, The remaiming five possible minlenms shsent in the Boolesd hmcton ane
theed o B 0.

However. teere is o bester technigue available foe doing dbe came. lo tiés a 2°0- | MUX can be
sl o implement a Boolean function with & + | vanables. The procedune is o foflows, Oulof 7+
1 wanables, o are connected b the o selection lines of tee 27 0- 1 mulaplexer. The kell-over varialsde
i« weend with the inpat lines, Various inpat lses are ded o one of the folkvwing: 0. "1, the lefi4mnver
varable amd the complement of fhe lell-over wanahle. Which e s grven whaol hegic sioliy can be
casily dedermined with the belp of o simple procedure.

It = o threevarsble Bookzan function, Conventicmally, we will nesd o use an 5-10-1 mulupléxer
b amplemenl this Teinctbon, We will now see how thic can be implemmented with @ dao- 1 muliplesct
The chosen mubiplexer has two selection lines.

In the next step, vwo of ihe thiee vanables are connecled 10 the two selection lnes, with 1be higher-
ortder virtable connected e the higher-onder seloctiom line. For mstanee, wn the present ense, variahiles
& amd C are the chosen variabies for e sclection limes and are respectively connected 1o selecten
lnes &y and K In the thard step, a table of the type shown in Table s constructed. Under e inphits
i the mialtpleser, minienms we haded b owe ows, 8 shown, The Basi row bsis thisse l2rms where
tenaining variable A ls complémenied. and second mw lisis those tenms where A s upconiplemenged
Thas iy gasily dome waih the h:']p ol the traih lable

The royaimed mintcnss e (donsificd of morked i ol mister di the lable In the given
tibde. these entries have been hghlighted. Esch column is mspectal individually. 1f neaber sioterm
of 2 cenain column = highfghtad. o 0 & wngien below that I Both are hiphlighiok o °17 =
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Figure Hardware implementation of the Boolean function given by equation
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writben, Il omly ome is highlighted. the comesponding vanshle complomested or uncomplemenied)
s written,. The impal lines e then piven spproprite logic stalws. In the preseal cae, 1. /.
fy and [y woitld e comnected I A, 0L A and A espectively F|F|_u1' [} shars e |||p'
implemeration.

Table Implementation table for multiplexers.

I 1 I; /
F il | | 3
A 4 5 (4] T
A il F 1 A
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A il | - i i
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A i A A E
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B ts nol necessary 1o choose oaly the lefimost variable in the sequence 1o be wsed as input 1
the mubtiplexer. Any of the vanables cun be used provided the implementation able 15 construcied
sccondingly. In the problem illustrabed above, A wis chosen as the varable for the mput lines,
and accordingly the first row of the implementation table contained those emtries where ‘A’ was
complemented and the wecond row contmned those entnes where A wis uncomplemented. If we
comsader C as the lefi-out vanishle, the implementsiion table will be as shown in Table
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Figure :Hardware implementation using a 4-to-1 multiplexer.

Table Implementation table for multiplexers.
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013a)Implementing Boolean Functions with Multiplexers

(or)

b)Implement the following Boolean function using 8:1 Multiplexer
Dl ol gl ivmaat evmimensn appdbeations of g anilbpleser is dbs wss lor phplemeimatiog ol combigiat el
i Boolem limctions The ssmplest iechnigee for doiag =0 b= 0w employ 8 2700-1 B LN e imgilie menl
awy w-viamable Boolean Tonction. The imput linec conrespronding o eoch o the mimterms present: in- the

Boolean Dunction e msde ogieal g0 Bepee 17 skate. The enssining minicrmis thsl are shsomi mdie
Hamsléan Ihinchian afe disahlded by anaking ihesr conicsjionaliig sindl Bees sguial o logone T8 Ax ai
eximyple. Fig jaf shooas the use of an Sae-1 MUNX for toplementing the Booleun fusction: given
by i coption
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Encoders
Q14a)Write a note on encoders
(or)

b)Design of encoder circuit

A rmcedler bs & muliipleser whihos its single ouiput lins 80 5s 8 sombinskmal loghe Dmetkn thal lins
2% jor Newer) impal lmes and o outpud hoes. which conespond e nosclection [ies inw muliiploxer
The & outpud Bipes geserale the binary code for ilbse possibde 2° opol nes. Let o5 mke the cose of an
|H.'Lq|-I:-|Iu|.'||!l.|.||:r cowriber. Siech an crcondes woilkd Binse gghl inpasl lisics, cavly rereEniig din o gnl illsll.
il i oulpud Ribees repeosenbing e throc el bimsey oquivalenl. The imih able of such an ceoosibor
s gives im Table In the puth @mhle, £, to £ represent ooal digits 000 7. A, 8 and O represent

Iae Wnary digits
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The cight npot lincs would hive X' =256 possible combinutions. However, o the case of an
octal-to-bimary encoder. only eight of these 256 combinations woald have any mesning. The remaiming
pomhimations of mput varahles are ‘don’t care’ mpul combinations, Also, only one of the input lines
&l & tme i5 in logic *17 sisie, Figore shivws the hardware implementation of the octal-2o-banary
encuder descrbed by the froth table m Takle | This cocmi has the shiodcomang that it produces an
&l s outpar sequence when ll inpat lines are in logic ‘0F state. This can be overomme by having an
additsonal tne 1o indicale an all Us input seguence

Priority Encoder:

Q15a)Design of Priority Encoder

(or)

b)Explain the decimal to BCDPriority Encoder

A priority encoder 15 8 practical form of un encoder. The encoders avalable m IC form are all
pronty encoders. In ths type of encoder, a priovity b assigned o each mput so thal, when more
than one inpul is simeRanesusly sctive, the input with the highest pnonty 5 escoded. We will
illusirate the concept of prionity encoding with the belp of an example. Let us assume that the oclal-
to-binary encoder described m the previous paragraph hos an inpul prionty for higher-order digits
Lr.l ws also assume that imput fines Dy, Dy and Dy e all sowlascously in bogic 1" sate. In

cose, omby Iy will be cocoded and the output will be 111, The trnuih table of such a priovity
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p, b b, D, D, B, D D, A B C
I L] ] il ] i L] i i i i
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encoder will then be modified to what & shown in Tahle Looking st the la=i mw ol the
table, it imphies that, if £ = L then, irespective of the logie stais of other mpuets, the output is
L1] as 03y wall endy be encoded. As ancther example, Fig, shows the logie syanbaol and trath
lable of o Hkline decimal 10 four-tine BCD encoder - provadimg pricnity encoding for higher-onder
digats, with digit % hoving the highest pnority. In the Tenctional tobde shown, the wmmi hise with
highest priority haviog o LOW onc it is encoded imespective of the logic- staius of the other inpat
fimes.

AllAbtEngg Android Application for Anna University, Polytechnic & School



www.AllAbtEngg.com

Tulbile Prwority encoder
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Freury lik-hne decimal wo foar-lue BCD priceay sneoder

Some of the encoders avarlable 1o 1C forme prosisde additional inpuis andd ostpats 1o alliw expansion,
IC 4148, which i= an cight-line 1o three -line prioiy encoder, s anoexample. ENABLE.IN (E1) and
EMABLE-OUT (B erminals on this [C allow expansion, For instance. tao 74 148= can be cazcaded

tor baild o T6-lipe o four-line priooty encoder
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Demultiplexers and Decoders:

Q16a) Design ofDemultiplexers and Decoders

or,

I())lgfxplain the decimal to BCDPriority Encoder
A demultiplexer ts a combinabonal logae crrcuil with an mpai line. 2* output hines and » select lines. I
routes the informuation present on the inpet line o any of the output lines, The output line that gets the
idormation present on the iput fine 5 decwded by the bet stios of the selection haes. A devcoder 2
special case of a demultiplexer withoul the input fine. Figure  (a) shows the ciroull epresentation
of o l-tod demultiplever. Figure ib} shows the truth table of the demuluplever when the input
lie 18 held HIGH

A decoder, s mentioned carbier. s 2 combinatronal curcud thal decodes the inbormation on s impui

lines 10 & masimum of 2° anigue output lines. Figure  shows the circnil representation of 2-t0-4,
oK and 4-10- 16 lime decoders. I there are some unused or “don’t cane’ combrnations in the »-ba
code, then there wall be fewer than 27 outpol lines. As an illustraton, if there are three nput lines,
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Figure Lt denltipenet
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Figure Circunt representation of 2-to-4, 3-10-8 and 4-10-16 line decoders.

can have a maximum of eight unigue output lines. If, in the three-bit input code, the only used three-bit
combinations are 000, 001, 010, 100, 110 and 111 (011 and 101 being either unused or don’t care
combinations), then this decoder will have only six output lines. In general, if m and m are respectively
the numbers of inpot and output lings, then m < 27,

A decoder can generate a maximum of 27 possible minterms with an »-bil binary code. In order
le illusirate further the operation of a decoder, consider the logic circuil diagram in Fg. This
logic circuit, as we will see, implements a 3-to-8 line decoder function. This decoder has three inpuls
designated as A, B and C and eight oulpuis designated as Dy, Dy, Dh, D5, Dy, D5, D and D5 From
the truth tahle given along with the logic diagram it is clear that, for any given input combination,
only one of the eight outpuis s in logic *17 state. Thus, each outpul produces a ceriain minterm that
corresponds 1o the binary number corrently present at the input. In the present case, Dy, Dy, [, Dy,
I}y, Ds, Dy and D respectively represent the following minterms:

Dy—+ABC, D, —+ABCD —ABC D; = ABC

Dy —ABC, D;— ABC, D;— ABC,D;,— ABC

Implementing Boolean Functions with Decoders
A decoder can be conveniently used o implement a given Boslean funciion, The decoder generabes
the: meguired minderms and an extemnal OR gate 45 esed (o produce the sum of mimterms. Figone
shivws the lopilc diagrom where 8 3-to-8 line decoder is oied (0 gencrite the Boolean fonction grven
by the synstion

F=ARC+A0C+AFC+ART

la gencral, an a-to-2° decoder and m cxicrmal OR gsics can be oscd 0 implcment aoy combinairons|
circuit with n inpets and m ouipuis, We can appreciaie that 2 Boolean function with o large number
of mniterms, o unpements] wath a decoder aml an exterial OR gaie. would reguee an OR zate
with an egually large number of mputs Lot s consder the case of mmplementing a- lour-vamable
Boolean lunction with 12 rimlerms osing. a &-50-16 hne decoder and an ¢xiernal OR gale. The OR
eate lere needs o beoa 12-inpul gate In all soch cases. where ithe number of minlerms i a givea
Booledn functson with o variables ts gregter than 272 (or 2, the complement Boolean firnction will
have fewer minterms. In thal case i would be more advantageous (o do NORing of miaterms of the
complement Hoolean functn using a NOR enie rather thon doing ORing of the given function using
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Figure Implementing Boolean functions with decoders,

Cascading Decoder Circuits

There can possthly be a sitwation whene the desred number of tinput and output lines 15 not available
in IC decoders. More than one of these devices of 4 given size may be ssed to construct & decoder
that can handlc a larger number of input and vutput lines. For insance, 3-o-8 line decoders can be
used 1o constroct 4-to- 16 or 3-40-37 or even Larger decoder cocuns. The basse steps 1w be followed 1o
carry out the desien are & follows:

L. I m s the number of ingwat hines in the available decoder and ¥ 1 the mumber of mpal lines in the
destred decoder, then the number of indivadual decoders reguived 1© construct the desired decoder

circuil would be 2Y°

2 Connect the less significant s of the mput lines of the desired decoder 10 the inpn lines of the
available decoder.

3. The left-over bits of the input lines of the desied decoder cirewit ane osed W cnable or disable the
ndividual decnders

4. The napan lines of the indwvadusl decoders wgether constitute the outpul bnes, with the patputs of
the less significant decoder constituting the less significant output lines and those of the higher-
ofder decoders conslituting the mose sigmificant outpul lines. The concept e further illustrated 10
solved cxample 3.8, which gives the design of a 4-t0-16 decoder psaing 3-10-8 decoders.

Problem

fmplement o full adder circult using o S-fo-8 le decoder,

Sodnatierin
A decoder with an OR gate ol the outpol can be used (o implement the given Bookean function. The
ideooder should ol least Have as miany inpot lines 6 the number of varmbics in the Boolean function
i be implemented, The truth table of the full sdder ix given in Table |, and Fi, shows the
hardwarne implemeniation.

From the truth tahle. Bookeun funcoons for SUM and CARRY outputs are given by the following
-I'."QI.IIII'H'E-Z

Sum ompt S =X 1.2.4.7
Coarey iipul ©, =% 3.3,6,7

AllAbtEngg Android Application for Anna University, Polytechnic & School



www.AllAbtEngg.com
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Figure Fanmple
2 MARKS

1. Define combinational logic.

(or)

What is combinational logic

When logic gates are connected together to produce a specified output for certain
specified combinations of input variables, with no storage involved, the resulting
circuit is called combinational logic.

2. Explain the design procedure for combinational circuits.

(or)

Write short notes on design procedure for combinational circuits
The problem definition
e  Determine the number of available input variables &
required O/P variables.
e  Truth Table Construction
e  Obtain simplified Boolean expression for each O/P
(using K-Map).
e  Obtain the logic diagram.
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