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Signed Binary Numbers
have 3 forms of representations
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● Sign-Magnitude Representation

● Sign-1sComplement Representation

● Sign-2s Complement Representation

All positivenumbershavethe samerepresentation in all forms.

The MSB alwayscontain the signbit,while the remainingbits contain themagnitude.



Sign-Magnitude
Representation
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Signbit is 1forminus,0 for plus.

The remainingbits show themagnitude.

Sign-1s complement Representation

If thenumber is negative,Toggle all bits including the signbit.

Sign-2s complement Representation

Ifthenumber isnegative,

Toggle all bits including the signbit. Add1to the result.Discard anypossible carry.

Shortcut: Start fromtheLSB. Only toggle all thebits after the least significant 1.



Represent +9 and -9 inall3 forms on 7bit register
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+9 -9

Sign Magnitude 0 001001 1 001001

Sign 1s Complement 0 001001 1 110110

Sign 2s Complement 0 001001 1 110111



Represent +0 and -0 inall3 forms on 7bit register
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+0 -0

Sign Magnitude 0 000000 1 000000

Sign 1s Complement 0 000000 1 111111

Sign 2s Complement 0 000000 0 000000



Signed Binary Addition using Sign-1s
complement

● Take 1scomplementof anynegative operands,excluding the sign bit.

● Add theoperands, including the sign bit (MSB).

● Ifthere is anendcarryout of theMSB, add itwith the remainingresultbits.

● Finally,If the signbit of the result is 0, the result is in its original form.

● But, Ifthe signbit of the result is 1,the result is in its complement form. 

So, re-complement the resultandaddaminussign to interpret it.
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Signed Binary Addition using Sign-2s
complement

● Take2s complement of anynegative operands,excluding the signbit.

● Add theoperands, including the sign bit (MSB).

● Ifthere is anendcarryout of theMSB,discard it andkeepthe remainingresultbits.

● Finally,If the signbit of the result is 0, the result is in its original form.

● But, Ifthe signbit of the result is 1,the result is in its complement form. 

So, re-complement the resultandaddaminussign to interpret it.
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(+6) + (+9)

using sign 1s complement, on 7 bit register

9Signed Addition

+6 : 0 0 0 0 1 1 0

+9 : 0 0 0 1 0 0 1

0 0 0 1 1 1 1

+15
Noendcarry

Nooverflow

Signbit0,so result is inoriginal form

Both numbers positive



Try,

(+6) + (+9)

using sign 2s complement, on 7 bit register

10Signed Addition Both numbers positive



(-6) + (+9)

using sign 1s complement, on 7 bit register

Endcarryoccured

Nooverflow

Signbit0,so result is inoriginal form

11Signed Addition

0000011

+3

1 1 1 1

-6 : 1 1 1 1 0 0 1

+9 : 0 0 0 1 0 0 1

1 0 0 0 0 0 1 0

Addendcarry

Negative number smaller in magnitude than positive number



Try,

(-6) + (+9)

using sign 2s complement, on 7 bit register

12Signed Addition Negative number smaller in magnitude than positive number



Try,

(+6) + (-9)

using sign 1s complement, on 7 bit register

13Signed Addition Negative number greater in magnitude than positive number



(+6) + (-9)

using sign 2s complement, on 7 bit register

Noendcarry

Nooverflow

Signbit1,so result is incomplement form

14Signed Addition

0000011

-3

1 1

+6 : 0 0 0 0 1 1 0

-9 : 1 1 1 0 1 1 1

1 1 1 1 1 0 1

re-complement

Negative number greater in magnitude than positive number



(+6) + (-6)

using sign 1s complement, on 7 bit register

Noendcarry

Nooverflow

Signbit1,so result is incomplement form

15Signed Addition

0000000

-0

+6 : 0 0 0 0 1 1 0

-6 : 1 1 1 1 0 0 1

1 1 1 1 1 1 1

re-complement

Negative number equal in magnitude with positive number



(+6) + (-6)

using sign 2s complement, on 7 bit register

Endcarryoccured

Nooverflow

Signbit0,so result is inoriginal form

16Signed Addition

0000000

+0

1 1 1 1 1

+6 : 0 0 0 0 1 1 0

-6 : 1 1 1 1 0 1 0

1 0 0 0 0 0 0 0

Discardendcarry

Negative number equal in magnitude with positive number



(-27) + (-13)

using sign 1s complement, on 7 bit register

Endcarryoccured

Nooverflow

Signbit1,so result is incomplement form

17Signed Addition

1

-27: 1 1 0 0 1 0 0

-13: 1 1 1 0 0 1 0

1 1 0 1 0 1 1 0

1010111

Addendcarry

re-complement

0101000

-40

Both numbers negative



(-27) + (-13)

using sign 2s complement, on 7 bit register

Endcarryoccured

Nooverflow

Signbit1,so result is incomplement form

18Signed Addition

1 1 1 1

-27: 1 1 0 0 1 0 1

-13: 1 1 1 0 0 1 1

1 1 0 1 1 0 0 0

1011000

Discardendcarry

re-complement

0101000

-40

Both numbers negative
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An overflow occurs when the result of 
the arithmetic operation is too big to fit
within the specified number of bits.

Until now we have not seen such cases

where an overflow may occur during

signed binary addition.
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If the operands have a differentsign, an
overflow will never occur. As the result

can never be larger than the operands

itself.
(+ ) + (- ) or (- ) + (+ )

But if the operands have the same sign,

an overflow may or may not occur.
(+ ) + (+ ) or (- ) + (- )
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If the operands are of the same sign,
but the result has a different sign, then
it can be said that an overflow has
occurred.
(+ ) + (+ ) = (- ) or (- ) + (- ) =

(+ )

Another easy way to detect overflow: 

The Carry In at the sign bit position is 

different from the Carry Out at the sign 

bit position.



Handling overflows in signed binary
addition

● At first, theendcarry issue is handled.Then, theoverflowsituation is handled.

● Ifanoverflow is detected, theMSBor the signbit becomes thedatabitwhile the 

carryout becomes thenewsignbit.
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(+35) + (+40)

using sign 2s complement, on 7 bit register

Noendcarry

Overflowoccurred

NewSignbit0, so result is inoriginal form

23Signed Addition

1

+35: 0 1 0 0 0 1 1

+40: 0 1 0 1 0 0 0

0 1 0 0 1 0 1 1

0 1001011

Signbitbecomesdatabit. Endcarry is thenewsignbit.

+75

Overflow



Try,

(+35) + (+40)

using sign 1s complement, on 7 bit register

24Signed Addition Overflow



(-35) + (-40)

using sign 2s complement, on 7 bit register

Endcarryoccured

Overflowoccurred

NewSignbit1,so result incomplement form

25Signed Addition Overflow

0 110101

0 1 1

-35: 1 0 1 1 1 0 1

-40: 1 0 1 1 0 0 0

1 0 1 1 0 1 0 1

Discardendcarry

-75

Signbitbecomesdatabit. Endcarry is thenewsignbit.

1 0110101

re-complement

0 1001011



(-35) + (-40)

using sign 1s complement, on 7 bit register

Endcarryoccured

Overflowoccurred

NewSignbit1,so result incomplement form

26Signed Addition Overflow

0 110100

0 1 1 1

-35: 1 0 1 1 1 0 0

-40: 1 0 1 0 1 1 1

1 0 1 1 0 0 1 1

Addendcarry

-75

Signbitbecomesdatabit. Endcarry is thenewsignbit.

1 0110100

re-complement

0 1001011



Try,

(-6) + (-9)

using sign 1s complement, on 5 bit register

27Signed Addition Overflow



Signed Binary Subtraction
Subtractionof two signedbinarynumberscan be easilydonebyconverting themto 
addition operation.
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Try,(-35)-(+40)using sign-2s complementona7bit register



Adder Circuits and Flags
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● The addition operations can be done throughParallelAdders.

● The inputs to aparallel adder arebothof theoperands (AandB)and the 

Carry In(Cin).Cin=0 incase of addition.

● While theoutputs are theSummationresult and theCarryOut, Cout.

N-bit parallel addermadeupof N*1bit fulladders



Adder Circuits and Flags

30

● CarryFlag,CF=Cout=Cn+1

● OverflowFlag,VF=
Cn⊕Cn+1

● VF needsaccess to the last 

two carries, Cn+1andCn.

● But theparallel adder does 

notprovideCn asoutput.



Adder Circuits and Flags
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Supposeweareadding two different signedbinarynumbers+Aand-B.

Now,

● IfCarryFlag=1,thenA>B.So, (+A)+(-B)wouldgiveapositive result.

● IfCarryFlag=0,thenB>A.So, (+A)+(-B)wouldgiveanegative result.

Supposeweareadding two samesignedbinarynumbers+Aand+B,or -A and-B. 

Now,

● IfOverflowFlag=1,asignedoverflowhasoccurred.

● IfOverflowFlag=0,asignedoverflowdidnot occur.
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Range of Signed Binary Numbers

If a number is represented in a register that can

accomodate n bits, then n=k+1. Here, k is the

number of data bits, with one sign bit at the msb.

For sign magnitude representation, +(2k-1) to -(2k-1)

For sign 1s complement representation, +(2k-1) to -(2k-1) 

For sign 2s complement representation, +(2k-1) to -2k
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Sign2sComplement

011

010

001

000

111

110

101

DecimalNumber SignMagnitude Sign1sComplement

+3 011 011

+2 010 010

+1 001 001

+0 000 000

-0 100 111

-1 101 110

-2 110 101

-3 111 100

-4 100

Fora 3 bitnumber,n=3.So, k=2.
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Why do we prefer 2s complement over
1scomplement

2s complement requires less number of additions when 

end carry occurs.

2s complement has a single representation for 0, whereas 

1s complement has different representations for +0 and -0.

2s complement can represent one number more than 1s 

complement using the same number of bits.



Signed Right
Shifting

35

A(s) n n-1
A(N)

1

A

Signbit Magnitude

ForSign-Magnitude,

● A(N)<-SHRA(N)

● An-1<-0

● A(s)<-A(s)

ForSign-1scomplementand Sign-2s complement,

● A<-SHRA

● A(s)<-A(s)

Since right shift divides anumber by2,so anoverflowwill neveroccur after the shift operation.



Right Shift +9 on a 6 bit register 36

+9 before shifting +4 after shifting

Sign Magnitude 0 01001 0 00100

Sign 1s Complement 0 01001 0 00100

Sign 2s Complement 0 01001 0 00100



Right Shift -12on a 6 bit register 37

-12 before shifting -6 after shifting

Sign Magnitude 1 01100 1 00110

Sign 1s Complement 1 10011 1 11001

Sign 2s Complement 1 10100 1 11010



Signed Left Shifting 38

ForSign-Magnitude,

● A(N)<-SHLA(N)

● A1<-0

● A(s)<-A(s)

ForSign-1scomplement,

● A<-SHLA

● A1<-A(s)

ForSign-2s complement,

● A<-SHLA

● A1<-0

Since left shiftmultipliesanumber by2,so anoverflowmayoccur after the shift operation.

For sign-magnitude,overflowwill occur after left shifting if An-1=1

For sign-1sandsign-2s complement, overflowwill occur after left shifting if An⊕An-1=1

A(s) n n-1
A(N)

1

A

Signbit Magnitude



Left Shift +9 on a 6 bit register 39

+9 before shifting +18 after shifting

Sign Magnitude 0 01001 0 10010

Sign 1s Complement 0 01001 0 10010

Sign 2s Complement 0 01001 0 10010



Left Shift -12on a 6 bit register 40

-12 before shifting -24 after shifting

Sign Magnitude 1 01100 1 11000

Sign 1s Complement 1 10011 1 00111

Sign 2s Complement 1 10100 1 01000



Left Shift -24 on a 6 bit register 41

-24 before shifting
Supposed to be

-48 after shifting

Sign Magnitude

1 11000

Overflow will occur

1 10000

-16, which is wrong

Sign 1s Complement

1 00111

Overflow will occur

0 01111

+15, which is wrong

Sign 2s Complement

1 01000

Overflow will occur

0 10000

+16, which is wrong
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QuestioTnhsa?nk You


	Slide 1: Binary Number Representation
	Slide 2: Table of Contents
	Slide 3: Signed Binary Numbers have 3 forms of representations
	Slide 4: Sign-Magnitude Representation
	Slide 5: Represent +9 and -9 in all 3 forms on 7 bit register
	Slide 6: Represent +0 and -0 in all 3 forms on 7 bit register
	Slide 7: Signed Binary Addition using Sign-1s complement
	Slide 8: Signed Binary Addition using Sign-2s complement
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: An overflow occurs when the result of the arithmetic operation is too big to fit
	Slide 20: If the operands have a different sign, an
	Slide 21: If the operands are of the same sign, but the result has a different sign, then it can be said that an overflow has
	Slide 22: Handling overflows in signed binary addition
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Signed Binary Subtraction
	Slide 29: Adder Circuits and Flags
	Slide 30: Adder Circuits and Flags
	Slide 31: Adder Circuits and Flags
	Slide 32: Range of Signed Binary Numbers
	Slide 33: For a 3 bit number, n=3. So, k=2.
	Slide 34: Why do we prefer 2s complement over 1s complement
	Slide 35: Signed Right Shifting
	Slide 36: Right Shift +9 on a 6 bit register
	Slide 37: Right Shift -12 on a 6 bit register
	Slide 38: Signed Left Shifting
	Slide 39: Left Shift +9 on a 6 bit register
	Slide 40: Left Shift -12 on a 6 bit register
	Slide 41: Left Shift -24 on a 6 bit register
	Slide 42: QuestioTnhsa?nk You

