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Lecture - 14
Design of Subtractor Circuits

In the last class, we have read how to design the different of adders, mainly the half
adders and full adders and the different type realization using a variety of gates. Today,

we will see how we can Design the subtractor Circuit.
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Now, a half subtractor is a combination circuit; that subtracts two bits and produces the
difference. It has also an output to specify, if a one has been borrowed, so the similarity
with the adders is that, in case of addition, it was for addition, it was the carry signal, for
addition one sum and one carry as been generated. For subtraction, that sum replaced by
the difference, because it computes the difference and the carry concept is actually they

borrow.

So, we denote these as a B and the difference is D, now how the operator operates on the
two operands. So, again first we see the addition operation, see here that 0 plus 0 equal to
Oandthecarryis0,0pluslisl,carryisO,1plus0is1carry0,1pluslisactually 10.
So, sum is 0 and carry is 1, now see if | want change this operation addition as

subtraction.



Then, what we can do the 0 plus 0 equal to 0, so as if 1 operand from here, say this 0, |
can shift here, that means, say if |1 want to shift this 0 here, means this would be 0 minus
0. So, what will happen say for this addition, if this plus O, shifts on the right side, then it
becomes minus 0 and left hand side will be the result; that means, this is a 0, so the that

thing we have expressed in the right side.

Now, for the same combination of the two operands, what we have done, that 0 plus 0 is
0, so 0 minus 0 is 0, again O plus 1 is 1, so here we can tell this see that 1 minus 1 is 0.
Similarly, 1 plus 0 is 1; that means, 1 minus 0 is 1 and 1 plus 1 is 1 0, means the sum is
0, so sum is 0, so 0 minus 1. This plus 1 will go here, that will be minus 1, so that has

been retain here 0 minus 1 and the result will be this 1, so 0 minus 1 this 1.

Now, what happens with this carry, what is the effect of this carry, so if 0 from 0, | am
subtracting 1, result is also 1 provided that it has borrowed a 1 from the next higher
stage. So, 0 minus 1 is 1 borrow 1, so in this way, we can define the subtraction

operation from the addition operation itself.
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So, just now if I write in the truth table form, that mean a b are the two operands, these
are the two operands B is the borrow and D difference. So, a b are the operands B is
borrow and D difference, that we want to compute. Now, 0 0 borrow is 0, difference is 0,
0 1, 0 minus 1, this is the situation that, when borrow is 1 difference is 1, 1 minus 0

differences 1, borrow 0, 1 minus 1 difference is 0 borrow 0.



So, now if this truth table, we can express or we can draw the Karnaugh map, for this 1

for B and 1 for D. Then, will get the expression for D and B and in this way we can get

D equal to a dash b plus a b dash.
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Because, now just we can notice that, this D, D value is same as that of our sum of the

addition operation, for the sum also itis 0 1 1 0. So, if this already we have seen, the last
class, that this is nothing but a EXOR two input EXOR a dash b plus a b dash. Now, the
borrow is 0 1 0 0, so if we draw the Karnaugh map, then if thisisa b, 0 1, 0 1. Then,

only for 0 case; that means, a is 0, b is 1, there is only 1 and all are zeros, so this minterm

is a dash b see here, that this is my borrow is a dash b.
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So, half subtractor circuit, again there are there will be two output, one for the difference,
one for borrow, already we have seen the difference is same, at the carry of addition
operation, that is two input XOR. And, that is AND, OR realization, then a b dash and
this is a dash b, the 2, two AND gate and then the output of the AND gate is fade to a
two input OR gate. So, this gives you the difference a b dash plus a dash b and the

borrow is a dash b.

So, again it is a two input AND gate, only one input is a dash or another input is b, so
this is totally similar with my half adder. So, half adder and half subtractor is almost
same, only the expression of borrow differs from the expression of the carry, but the sum

and the difference is totally same.
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« A full subtractor is a combinational circuit
that performs the subtraction between two
bits. A 1 may have been borrowed by a
lower significant stage

Now, design of a full subtractor, so just like the addition operation or the full adder
circuit. Now, we can define full subtractor as a combinational circuit; that performs the
subtraction between two bits, A 1 may have been borrowed by a lower significant stage.
So, mainly the half subtractor for the two bit, mainly the subtraction is being done
between two bits. So, once difference is generated and one borrow is generated, but if it

is a n bit subtractor, then these we cannot neglect this borrow.

So, this one borrow, may have been borrowed by a lower significant stage, means when
just like the full adder circuit, say if we take 1 0 1 0 and we want to subtract say 0 1 1 0.
Then, say 0 minus 0 is 0 1 minus 1 is 0, but 0 minus 1, say here actually 1 0 as if we have
borrowed a 1 here, this 0 become 1 0. So, 1 0 minus 1, we know from the addition

operation this 1, so borrowed 1, then this 1,s0 01 0 0.

So, if | take the decimal equivalent, we see that 1 0 1 0 is nothing but 10, thisis 1 1 0,
means 6 and if | take the subtraction, then it will be 4, which is nothing but our 0 1 0 0.
See here, nothing has been borrowed for this two bits, so borrow bits are 0, for this two
bits, borrow bits are 0, b is 0, but this 1, but third 1, the borrow is 1. So, this is a concept
of full subtractor, again which is same or similar to our full adder only borrow is

replaced or borrow is replaced by carry is replaced borrow, whatever you call.
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Now, again if the input output relationship, we have seen that here also, there are two
outputs 1 is the borrow output and 1 is the difference. So, now as borrow is considered;
that means, here this should by this carry actually this should be my borrow b and that is
the way borrow. Because a b two operands, we have taken, so we have retained as if this

c is borrow.

So, for all possible now there are three inputs, so what we can draw, see this is my full
subtractor circuit there will be three input, a b the two operands. And other is borrow
denoted by c again and one is the next borrow generated and other is the difference of
these two bits. So, this is my full subtractor circuit, now for all possible combinations,

we have retained the B and D values.

So, first we consider the difference, see that if a b is 0 0, already we know that 0 minus 0
is 0, then see 0 minus 0, but this borrowed 1, 1 borrow is there. So, this should be a
difference, should be a 1. Similarly, 0 minus 1, this should be again that difference is 1,
borrow is 1. Because, already we have seen that if it is 0 minus 1, as if from the highest

stage, 1 is borrowed and actually itis 1 0.

Now, it is 0 minus 1 and there is 1 borrow also, so here also, this 1 minus 1 actually, this
0 and borrow 1, simple 1 minus 0, because that, there is no previous borrow, so this is 1

borrow 0, again here 1 minus O, borrow 1. So, that means, actually 1 minus 1, so



difference is 0, borrow is 0. Now, 1 minus 1 borrows 0, so simple all are 0, borrow 0 as

well as difference 0.

Here 1 minus 1, but 1 borrow is there, it was 0, just the previous case as the borrow is 0,
so 1 minus 1 we know that difference is 0 borrow is 0. But, here 1 minus 1 as 1, borrow
is there, previous borrow is there, that is why the difference will be 1 and borrow will

also be 1. So, we can write the input output relationship of the full subtractor.
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Expression for D

Now, again in the same way, will draw 2, Karnaugh map for two output, one for the
difference d and another for the borrow b. So, when we write the expression for D, so
again, if we see that for D, there are the number of 1’s or the minterm exist or for 0 0 1
means for decimal 1, then 2, then 4 and then 7. So, 1, 2, 4, 7 the decimal, the minterm

will be there, now see if we draw that, there are three inputs.

So, these are a b, thisisc, so 0 0 1, thisis my 1, then thisis 01 0, thisis 2, thisis100 4
and this is 7. So, this four minterm exist in the expression and these are nothing but a
dash b dash ¢ plus a dash b ¢ dash plus a b dash ¢ dash plus a b ¢, which is same as set up

our full adder circuit.
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Now, what will be the expression for B, borrow, again if we see borrow, the minterm
exist for 0 0 1, means 1, then 2, then 3 and for 7, so minterm exist for 1, 2, 3, 7. Now, we
see for this is again, if we put this is my 1, 2, 3, 7. So, only these four terms, now see
here then, we can form some couple, these will be 1 couple. For this, it will be a dash b,

if we take a b and c, so this will be my a dash b, this term as been, this for this couple.

Now, for this couple, it will be a dash ¢, now for this couple, so this will be b ¢, so a dash
b plus b ¢ plus a dash c, there a similarity between the carry of the full adder circuit and
borrow of the full subtractor circuit. Only the minterms are slightly different, there it was
for at the full adder, that carry ¢ was a b plus b ¢ plus ¢ a. So, again that, it was a sum of

product and there are 3 AND gets and needed and 1. three input OR gates.

Here also the same number of gates are needed, totally it similar type of structure or
similar type expression only here one complemented variable as the input, which my a
dash. Here, there is no complement variable exist this is the only difference between the

full adder and the full subtractor circuit.
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So, if we see that the full subtractor, the difference for full subtractor, then it is totally is
same as that of the full adder circuit. Because, that expression same, so already we have

discuss this a 4, three input AND gate and 1, four input OR gate is needed.
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Now, if it is borrow full subtractor, then only the inputs are different, otherwise are
structure is totally same. For the first AND gate the inputs are a dash and b one
complemented variable is there. For the second AND gate, also one complemented

variable a dash is there, for the third word, it is only b ¢ and 1, three input OR gate is



needed. So, structure is totally same only the inputs are one complemented inputs are
added.
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Subtraction is more complicated than addition due
to “borrow"

Take two numbers Xand Y

X-Y=D; X+(-Y)=D

Y+(-Y)=0
Letuswrite Y=y3 y2y1 yv0and (-Y)=w3 w2 wiwl
Find wnsuchthatY+ (-Y)=0

Choose wn = yn

Now, again we see some more about or we read some more about the subtractor, because
subtraction is more complicated, then addition due to the concept of borrow. Now, we
take 2 numbers say X and Y, see X minus Y, we have defined as the difference D, so D
is my D is my difference. Now, what will happen that if | can write the same expression
X minus Y equal to D, if X plus Y minus D, | am instead of subtracting, 1 am doing

addition, I am of a negation of Y or the minus Y.

Then, it will be same the X plus minus Y equal to D, now if | would replace X by Y that
means, it my X equal to Y, then this is of Y minus Y. Means the difference should be 0
or if | again arrange or these expression, if | write this should be Y of minus Y equal to
0, now we take a 4 bit Y and see that, how it works.
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See, | choose a 4 bit Y, say thisay 3,y 2,y 1 and y 0, say | am considering an another 4
bit, Was ifw 3, w2, w1, w0, were wn is y n bar. So, that means, if myynis 0, wn
will be 1, if my y nis 1, w n now y n will be 0. So, now if | take the addition of this 2,
sayy3,y2 vyl yO0andthenw 3, w2 w1l wo, then if | take addition as they are
complimented. So, all ways is | will get all 1, because these are always complemented as

Opluslisl.

Now, | want that Y plus of minus Y equal to O, this should be that is it, now if I add 1,
then what will happen then only it becomes 0 and a carry 1. So, now if | neglect this
carry or this is a overflow. So, if I drop this 1, then my Y plus w becomes 0, now see Y
plus of minus Y equal to O; that means, | have replaced this w as y complement. So, if I
forcefully, I am making as if Y plus minus Y equal to O, then this w is my subtraction,
then what we can call now, see that this all 1.
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Now, | define in this way, say for 4 bit number, this all 1, so this is actually 2 to the
power 4 minus 1, so this actually 15, so for in general if it is a n bit number, then this n
number of 1’s means 2 to the power n minus 1, this will give all 1’s, all n bit 1’s. And
this 2 to the power n minus 1, we are defining 1°s compliments, so that means, Y plus W,
if 1 take that W is or W n is y n bar, better we take that, small w n, y n bar, then this is
always 1, whatever be the bits, if it is n bit, if it is n bit then 1. So, this is just of 1’s
complement is the flipping the bits, so we call the flipping the bits and by flipping the
bits, it computes the 1°s complement.

(Refer Slide Time: 29:55)




That means, say if one number X is 1 0 1 1, then 1’s complement of X is 0 1 0 0, now
see 1011and0 100, this becomes always all 1. So, in this way, we define that 1’s
complement, now we take the 2’s complement also and normally we define that 2’s
complement as 1’s complement, plus 1, how say the 2°s complement of a number, say 1

number Y, we have taken, see the 2 to the power n minus Y.

So, that we can write in this way, that 2 the power n minus 1, actually minus 1 plus 1
means Y plus 1. Now, see 2 to the power n minus, already we have define, thisisasa 1’s
complement, so 1’s complement minus Y plus 1. Now, if the overflow is or this is 1’s

complement plus 1 2’s complement is, so what we can do that, if now | want to add X.
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So, what will happen that X minus Y will be X plus 2’s complement Y and what we have

define that 2’s complement Y is 1’s complement Y plus 1 and the overflow is neglected.
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Complementing each bit of Y is called the

1's complement

2's complement of Y is obtained by
adding 1 to its 1's complement
2'scomplement(Y)=Y + 1

Y + 2's complement = 0, If the overflow is

discarded

So, complementing each bit of Y is called the 1°s complement; that means, the flipping
the bits just now we have discussed. Now, 2’s complement of Y is obtained by adding 1
to it is 1’s complement. Just now we have seen and we have derived that thing, then 2’s
complement Y is Y plus 1 and Y plus 2’s complement equal to O, if the overflow is

discarded.
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So, in this way will get that X minus Y is X plus 2’s complement of Y, so this is a very

important result, that what we see, that if | want to add or if | want to subtract Y from X;



that means, X minus Y. So, there is no separate subtracted is needed, if my 2’s
complement of the one number available, then what we can do the same adder circuit,

the can be use for the subtraction.

See this X minus Y, so first | will compute the 2°s complement of Y and we know that
2’s complement Y is will take the 1’s complement Y again plus 1. So, this is again 1’s
complement of Y plus 1, this is again some addition and then it will be added with the X.
So, no subtraction is there, only the addition circuit is sufficient for subtraction. We take
one example first, see there are two numbers X is 11 0 1, so decimal equivalentis 30 1

3 and here the decimal equivalentis5Y.

So, | want to do X minus Y, which should be 13 minus 5 equal to 8, now Y we have
done, first X minus Y should be 1 1 0 1 plus say 1’s complement of Y, means this is 2’s
complement of Y, means first 1’s complement of Y plus 1. So, 0 1 0 1 if | flip, then it
will be 10 1 0 plus 1, so these will be 1 1 01 plus 1 0 1 1. So, this 1 plus 1 or if we add
here1101and1011,thenagainl110carryl,again110carry1. Now,1110and1,
carryl so; that means, thisis1 1, so 1 sumis 1 and 1 carryis 1.

Now, if we neglect or discard this overflow bit, then it will be 1 0 0 0, which is the
decimal equivalent is decimal equivalent is 8 and which satisfies are normal results. So,
instead of doing the subtraction, actually we have done the addition. So and simple
addition circuit, we can easily use for this provided, that 2’s complement of that number
is available.
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Now, we take another example say X is 1 00 1 and Y is all 1, then compute Y minus X,
when Y is a 4 bits and Y is a 8 bits. So, first we take the simple 1, the Y equal to 4 bits,
this on my here we have computing Y minus X, so Y is all 1 X is 1 0. Now, 2’s
complement of X this equal to 1 complement X is 0 1 1 O, flipping the bits plus 1, this
equal to 0 1 1. Now, instead of doing the difference, | will add Y minus X is Y plus 2
complement of X.

So,Yis111plus0111,ifweaddthislplus10,carry 1, sowe are writing here, 0
carry 1,1 plus110,sothisis1,again 1 plus110and111carryl,1plusi,Ocarryl.
So, this is my overflow bit, 1 will neglect this 1 and this should be my 0 1 1 0. So, the
result is if I take the decimal equivalent, just to verify whether my difference is correct or
not. So, 0 1 1 0, means this is my 6 and Y was 15 and X was 9 in decimal, so 15 minus
nine this 6 equal to 15 minus 9, so in this way will get the result.
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Now, Y is of 8 bits; that means, Y 1 1 1 1, always | can represent as 8 bit numbers, so
now we see say my Y is actually 4 0 1 1 means 8 bit representation, X isasitis 100 1.
Now what will happen, already we have seen that this is Y minus X equal to Y. And this
is 2’s complement of X means, this00110,0111, nowifweadd,itwillbe011,11
0land0O.

So, what will be the value, see here it was Y was 15, X is 9, here what is Y minus X, Y
minus X we have got that this is 0, 1, 2, 4, 8; that means, 16 plus 4 plus 2, so 22 this a
decimal. See, | have 2 numbers Y equal to 15 and X equal to 9 and when | have taken the
difference, | got 22, 15 minus nine is 22. So, this is a incorrect results, why what mistake
| have done, see here Y is represented as 8 bit and | have taken X is 4 bit, so this the
incorrect thing. So, I have to take X is also of the same bit size as that of Y, so X should
be of 8 bit numbers.
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Now, we check whether it gives a correct result or not, now Y is and X we have taken 8
bits, then if | take 2’s complement of X, then it will be 1 1 1 1 flipping the bits and this 1
001means 0110, thenitwill beplus1,sothis410111. Now, ifldoY minus X, so
these becomes, we have to add this Y and 2’s complement of X, which is this number 1 1
1101.

So, 1 plus10carry 1, again 31 carryl, 1 plus 1 0 carry 1, then 1 plus 1 O carry 1, O carry
1, 0 carry 1, O carry 1, overflow and this neglected or discarded. Then, see again the
value becomes 6 decimal values and earlier it was 15 Y was 15 in decimal X was 9 in
decimal and the result is correct now, so this is a correct result. So, what we have seen
that, if my any one of the number is some n bit number. Then the other number should
also be of the same bit size, otherwise the result would be wrong, just for this example,

we have check this thing.
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Now, we see the negative number representation, one thing we know that sign bit
representation for negative numbers. Because we have mainly discussing the subtractor
and subtractor we have represented as if this is addition. So, addition of negative
numbers, so how we can represent the negative number that is one very important thing

in this context.

Now, sign bit convention of negative numbers, normally we take MSB as the sign bit,
see that if I want to represent say 8, we know binary of 8 is 1 0 0 0, if this is a plus 8. So,
this is the 4 bit representation 8. If it is a plus 8, | am taking MSB itis0 100, ifitisa
minus 8, this MSB value | am taking a 1 and there remaining as same. So, this is the

MSB is represented as a sign bit, so 0 for plus 1 for minus and this is my MSB bits.

So, normally this is the convention for sign bit and this is the sign bit convention for
negative numbers. So, if it is a say 8 bit numbers and the MSB; that means, this 1, this
number is the sign bit, it represents the sign 1, see here it is 0. So, this is the positive
number here it is a 0, so this must be this must be a positive number, this is 1. So, this is

a negative number, this is 1, so this is a negative number.

Now, see that 0, 0 means, if it is a 7 bit representation, all bits will be 0 and MSB is 0. So
0, I am telling this is a positive 0, why see again 1, all 0, this is negative number, say as
if this is a negative 0, for the remaining. So, this is 1 type of confusion, that 0 we know

in our number system, only 1 in the number axis, it appears only 1’s. Now, I am when



representing, | am getting two type of representation, 1 is positive 0, 1 is negative 0 in

sign bit convention.

But, for the rest of the numbers, it is fine, up to 0 as 7, for 7 bit, we know that, it can
represent 127. So, 0 7 1’s means, this is plus 127 and 1 7 1 means this is a minus 127, so
it can represent minus 127 to plus 127; that means, a in general for this is for 8 bit. So,
for in general, if it is a n bit, then it is for minus 2 to the power n minus 1, see 127 means
minus 1, 1 less than 1 2 to the power 7. So, this is minus 2 to the power n minus 1 to plus

2 to the power n minus 1 minus 1.

This is a range that, if it is sign bit convention 1 n bit number can represent, now only
one drawback of this method is there are 2 representation of 0’s, one we call negative 0
and positive 0. So, just now, what we have seen that, it is for this 0, this is positive 0, this
is a negative 0 and this is a drawback of sign bit number. So, for this we use the 2’s

complement representation, which overcome this drawback.
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So, 2’s complement representation, just now we have rate that, how we can compute 2’s
complement, if it is a 8 bit, 8 0 means 0, then 0 to 7 1 means 127. Now, ifitisa1000
means this is a 2’s complement number and this is minus 128. So, see this minus 128 and
1301mean 000000 1means this is a minus 127 and the all 1 means this is a minus
1.



So, here 0 means only unique representation of 0 is there, so this is value this overcomes
the problem of the double representation of 0, that confusion it overcomes. So, we

represent that negative numbers by 2’s complement.
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See here if | take N number, we take 1 example that N equal to 1001 01 1 1, then what
will happen for N equal to this is minus 128, because this is 0, 1, 2, 3, 4, 5, 6, 7 means
this my 2 to the power 7. So, the first one is the 2 to the power 7, this is minus and these
are plus 2 to the power 4 plus 2 to the power 2 plus 2 to the power 1 plus 2 to the power
0. So, this becomes minus 128 plus 16 plus 4 plus 2 plus 2 plus 1 and this that is minus
105.

So, this is now representation; that means, for negative number minus 1 0 5 can be
represented as 1 001 0 1 1 1. So, this is the 2°s complement representation of negative

numbers.
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So, the subtractor logic circuit, we can easily draw that because it is a nothing but that
addition only the 2’s complement we have to do, so if it is 4 bit number, then only some
4 inverter and needed because this is flip or flipping the bits. So, there will be four inputs
say this is that x 3, x 2, x 1 x 0 that X is the input and then we add this plus 1 is added

and it represents, it represents the 2’s complement of X.
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er 1or Lecturt 4 Juiz
Design a 4-bit parallel adder using
full adder as its components. Form
an 8-bit adder from this 4-bit adder

Now, one question for quiz question for today’s lecture, see design a 4 bit parallel adder

using full adder as it is components. So, already we have rate the half adder circuit, the



full adder circuit and verity of full adder, half adder circuits. Now, will treat this half
adder or full adder as if give as the one of the module just like a gates, say when we have

drawn the full adder, we have use the AND, OR as the element digital element.

Now, as if the full adder is one module and then form an 8 bit adder, from this 4 bit
adder. So, first will we have to draw, we have to design a 4 bit parallel adder from the

one full adder as the components, then from 8 bit adder from this 4 bit adder.

Thank you.



