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Binary addition

NISUDNLAUJIUGDY
NN
NAauon asna
0+0 0 0
0+1, 1+0 1 0
1+1 0 1
1+1+1 1 1




Example: 1101, + 110, ~ Example: 1010, + 1111,

1101 1010
+ 0110 v 1111

A+B Sum C?rry
0+0 0 0
0+1, 1+0 1 0
1+1 0 1
1+1+1 1 1




Attempt a quiz

Quiz 2C, Question |




Binary subtraction (Minuend > Subtrahend)
N1saulauZIuaov (dxdo > ddau)

Difference Borrow
NaMv q}3]0

0-0 0 0
0-1 1 1
1-0 1 0
1-1 0 0

Minuend Subtrahend

adQv adbau

Example: 1010, - 110,




Example: 1010, - 110, . Example: 1110, - 1011,

1010 § 1110
- 0110 § - 1011

A-B Diff;;qeqnce Boﬁ;ggw
0-0 0 0
0-1 1 1
1-0 1 0
1-1 0 0




Attempt a quiz

Quiz 2C, Question 2




I's complement
douus:=nouuov 1

Examples:

101111« 101100 001000
s 010000¢““ | 010011 110111

You must NOT omit the leftmost zero(s) as they are binary codes, not values.

Hlwazoulau 0 Nogniodigda tiooondusHaluuis utsoiuouddLay



Attempt a quiz

Quiz 2C, Question 3-5
(Auto-graded guestions)




Binary subtraction using 1's complement
nisaulaugiudavlagtsdaouds:=nouudv 1

Example: 110101, - 11001,

110101 110101
B s?btr}hen]d- O O 1 Q T 1 O O 1 1 O -

Using this method, the subtrahend can be greater or less than the minuend.

L——l—l

KINT8OSU ODauo: U'lﬂﬂD'lHSDUDEJﬂD'IC’DOOﬂTO

Add leftmost zero(s) to equalize the number of digits. **Required**
L)AULay 0 NMVBIYUDVADAVHSOOAULWDTHOUDUKANLNINU **odu**

Write the 1's complement of the subtrahend and add it to the minuend.
K1a@ouUs:nouyoY 1 youadau (subtrahend) uasurldudnnuddao (minuend)



53 25
Example: 110101, - 011001, ~

100110
End-around carry 1 1
(EAC) 110101

+ 100110

01 1011 %ngs)t significant bit
* 1
11100

If there is an end-around carry (EAC), add it to the least significant bit (LSB).
HINWaawsd end-around carry (EAC) HiwuldgodandusdiArydosnda (LSB)




45 36
Example: 101101, — 100100,

101101



45 23
Example: 101101, — 010111,

Add zero to equalize digits.
dootd 0 twolRoWWDUKANININU

101101



Attempt a quiz

Quiz 2C, Question 6




If there is no end-around carry (EAC), you subtract a larger number from a smaller number
(subtrahend > Minuend). In that case, take the 1's complement of the result, and it is negative.

KINwaawslud end-around carry (EAC) udaaoditsionoiudunuinnoiidauoonoinaiudunuagndn
((bau > A>Av) tunstudtRMrWaawstRdudiuds:=Nouuov 1 wa:Anoud:tdudiuduau

37 53
Example: 100101, - 110101,

NO EAC 100101
+ 001010

101111 )‘ |
'S complement
-010000




25 39
Example: 011001, — 100111,

011001



Attempt a quiz

Quiz 2C, Question 7




2's complement
douus:znauyov 2

Find the 1's complement and add 1 to it.

K1a>uUs:NouuoY 1 wabudnady 1

Examples:

1o1111>§101100 §1o1ooo>
I's o1oooo> 010011% 010111>

2s 010001 010100 011000



Shortcut:

101111
I's )
D

2s 010001

101100 101000

D D
010100> OlMD

You must NOT omit the leftmost zero(s) as they are binary codes, not values.

Hlwazoulau 0 Nogniodigda tiooondusHaluuis utsoiuouddLay



Attempt a quiz

Quiz 2C, Question 8-10
(Auto-graded guestions)




Binary subtraction using 2's complement
nisaulaugiudoaolastdaouus:=Nnouudv 2

Write the 2's complement of the subtrahend and add it to the minuend.

n1caoau (subtrahend) tHIudiuUs:=nouuov 2 ta>unidudnnuddao (minuend)

Example: 100101, - 11100,

100101 100101

- 011100 - + 100100 o2

subtrahend



If there is an end-around carry (EAC), remove the EAC. The result is positive.

KINWaawsid end-around carry (EAC) TRdany 3udunldAoA1aou

37 28
Example: 100101, — 011100,
1

EAC

1
100101
+ 100100

001001



If there is no EAC, take the 2's complement again. The result is negative (subtrahend > Minuend).

HiNwaawsiug EAC THHRd uUs:NouudY 2 9nNASY 2:[aA1aoU LlazAaoud:tdudiuduau

28 36
Example: 011100, — 100100,
No EAC 111

011100
+ 011100

111000
- 001000

) 2'S



35 41
Example: 100011, — 101001,

101001



Attempt a quiz

Quiz 2C, Question 11-12




n-bit binary numbers
laugiudov 4 ua 8 uq la: n ua

0 15 (F)
4-bitbinary 0000, > 1111,

0 255 (FF)
8-bitbinary 0000 0000, »> 1111 1111,

12-bit binary ety 2\ Beay
o Lrbd b
16-bit binary AoRePih  ByB: By

Cour  4pitFull Adder  Cm
Sa 52 S S0

RN

Cour summed Output

Source: electronics-tutorials.ws



https://www.electronics-tutorials.ws/combination/comb_7.html

n-bit1's and 2's complement
douus:nNouuov 1 ua: 2 yovlaugiudaovdudu n 0O

Example

4-bit I's complement of 3, 0011, - 1100,

8-bit I's complement of 56,, 0011 1000, - 1100 0111,

8-bit 2's complement of 56,, 0011 1000, - 1100 1000,



Sighed binary numbers

StUULAUTIUSEDVIUUAQLASDORINE Min Max
Sign  Magnitud ° !
el : ign  Magnitude
4-bit signed binary e o 000, - 111,
Positive »0 (011 +3

Negative —p»1 [0 | 1 | 1 > ,
'S
1 0 1 -5



4-bit sighed binary

m Unsignhed value | Signed value

000l 1 1
0010 2 2
0100 4 4
1001 9 -/
1010 10 -6

1100 12 -4



8-bit sighed binary

Sign Magnitude
(1—ioit) (7-bit)
A
Positive —»0 | O 1
Negative —»1 | O 1
1 1 0 0 O

000 0000, -» 111 1111,

U

Min

2'S

0

+24

-104

Max
127



Attempt a quiz

Quiz 2C, Question 13-14
(Auto-graded guestions)
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