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Basics




Digital Logic Basics

» Hardware consists of a few simple building blocks

— These are called logic gates
« AND, OR, NOT, ...
« NAND, NOR, XOR, ...

* Logic gates are built using transistors

« NOT gate can be implemented by a single transistor
« AND gate requires 3 transistors

* Transistors are the fundamental devices
« Pentium consists of 3 million transistors
« Compag Alpha consists of 9 million transistors
* Now we can build chips with more than 100 million transistors



Temel Kavramlar -1

Number of functions
— With N logical variables, we can define
22" functions

— Some of them are useful
« AND, NAND, NOR, XOR, ...

— Some are not useful:
« Output is always 1
« Output is always O
— “Number of functions™ definition is useful in proving completeness

property
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. Gate
Simple gates
— AND
NAND
— OR
— NOT
Functionality can be expressed by a
truth table AND
— Atruth table lists output for each
possible input combination
Precedence NOR
— NOT >AND > OR
- F=AB+AB
= (A(B)) +((A)B)L
OR

X
Y
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Expression

1Z.=X°Y

7Z.=X+Y

L=X+Y
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Additional useful gates

x|y | z -
— NAND o 0 | o Z=XY+XY
— XOR ><iﬁ::>_ o [ 1[4 X or Y but not both
NOR (Xa@Y) Y . 110 ] 1 ("inequality”, "difference”)
— XOR | 1 | o

NAND = AND + NOT
NOR = OR + NOT
XOR implements exclusive-OR

function XNOR v ) -z

NAND and NOR gates require @7
only 2 transistors

— AND and OR need 3
transistors!

Z=XY+XY
X and Y the same
("equality™)

== e x
= o= ol =<
ol =] M

Widely used in arithmetic structures such as adders and multipliers
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* Proving NOR gate is universal

* Proving NAND gate is universal

o L] Dbl

OR gate

- T
D DT D

NOT gate OR gate NOT gate AND gate




Logic Functions



Logic Functions

* Logical functions can be expressed in several ways:
— Truth table
— Logical expressions
— Graphical form
« Example:
— Majority function
« Output is one whenever majority of inputs is 1
« We use 3-input majority function



3-input majority function

Logic Functions

» Logical expression form

A B C F=AB+BC+AC
0 0 0 0 A B C
0 0 1 0 | —
0 1 0 0 : )
0 1 1 1
T ) ——m >

1 0 0 0 F
1 0 1 1
1 1 0 1 T )

L
1 1 1 1 |



Logical Equivalence

 All three circuits implement F = A B function
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Boolean Algebra



Boole Cebri Aksiyomlari

Her bir degisken “0” veya “1” degerinden sadece birini alabilir.

1+1=1, Birbirine VEYA ile bagli iki 6nermenin ikisi de dogru ise birlesik 6nerme de dogrudur.
0-0=0 Birbirine VE ile bagli iki 6nermenin ikisi de yanlis ise birlesik onerme de yanlstir.
0+0=0 Birbirine VEYA ile bagl iki onermenin ikisi de yanlis ise birlesik 6nerme de yanlistir.
1-1=1 Birbirine VE ile bagli iki dnermenin ikisi de dogru ise birlesik 6nerme de dogrudur.
1+0=1 Birbirine VEYA ile bagli iki 6nermeden biri dogru ise birlesik nerme de dogrudur.
0-1=0 Birbirine VE ile bagli iki 6nermeden birisi yanls ise birlesik 6nerme de yanlistir.



Boole Cebri Teoremleri

1. a) a+b=b+a Degisme Ozelligi
b) a-b=b-a
2. a) atb+c= a+b +c=a+(b+c) Birlesme Ozelligi
b) a:-b-c= a-b -c=a-(b-c)
3. a) a+b-c= a+b -(a+c) Dagilma Ozelligi
b) a- b+c = a-b +(a-c)
4. a) a+a=a Degiskende Fazlalk Ozelligi
b) a-a=a
5. a) a+a.b=a Yutma Ozelligi
b) a-(a+b)=a
6. a) (a) =a islemde Fazlalik Ozelligi
b) (a) =a
7.a) (a+b+c+-:)=a b -c ---- De Morgan Kurali
b) (a-b-c:-+) =a +b +c +---



Boole Cebri Teoremleri

8. a) a+a =1 Sabit Ozelligi
b) a-a =0
9. a) 0O+a=a Etkisizlik Ozelligi
b) 1-a=a
10. a) 1+a=1 Yutan Sabit Ozelligi
b) 0-a=0
11. a) (a+b )-b=a-b
b) a-b +b=a+b
12.a) a+b - a+c - b+c=a+b -(a +c)
b) a-b+a -c+b-c=a-b+a -c
13.a) a+b - a +c =a-c+a b
b) a-b+a -c= a+c -(a +b)
14.a) f a,b,c,d, - =[a+f(0,b,c,d,--")]-[a +f(1,b,c,d,---)] Shannon Teoremi
b) f a,b,cd,--=af 1,b,cd,- +[a-f(0,b,c,d, )]



Laws and Rules of Boolean Algebra Laws and Rules of Boolean Algebra

* Laws of Boolean Algebra * Laws of Boolean Algebra
- Commutative Law - The 12 Rules of Boolean Algebra
* Commutative Law of Addition: A+B =B + A c A+0=A
* Commutative Law of Multiplication: AB = BA S
- Associative Law sA'D=0
* Associative Law of Addition: A+ (B+C)=(A+B)+C cA-1=A
* Associative Law of Multiplication: A(BC) = (AB)C S AIA = A
- Distributive Law o T
* AB+C)=AB +AC SA A=A
*A-A=0
A=A
*A+AB=A

-A+AB=A+B
* (A+B)A+C)=A+BC



DeMorgan’s Theorem
a[b+c(d-+e)]

Demorgan's Theorems

a+[b+c(d+e)]

=X+Y

~<

a+b(c(d+e))

a+b(c+(d+e))

a-+b (c+(de))
a+b(c+de)

17 /28
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Conversion of
Minterm and Maxterm

RS



Minimum ve Maksimum Terimler

« x Ve y seklinde ki terim icin minimum terimler (minterm) ve maksimum terimler
(maksterm) asagidaki tabloda verilmistir.

X y Minterm m’ye indis Maksterm M’ ye indis
0 0 Xy My xX+y My
0 1 Xy my xX+y M,
1 0 Xy ms X+y M,
1 1 Xy ms Xty Ms;




Minimum terimler kanonik bicimi

* Dogruluk tablosu kullanarak carpimlarin toplami ¢c6zimu

a b F=a+b Minterm m’ye indis
0 0 0 a-b mg
0 | | a-b my
1 0 1 a-b m,
| | 1 a-b ms

F=a—|—b=ﬁ-b+a-§+a-b:'m1+m2+m322(1,2,3)



Maksimum terimler kanonik bicimi

* Dogruluk tablosu kullanarak toplamlarin carpimi ¢cé6zimu

a b F=a-b Maksterm M’vye indis

0 0 0 a+b M,

0 1 0 a+b M,

1 0 0 a+b M,

1 1 1 a+b M3
F=a-b=(a+b)-(a+b)-(@+b) =M, M, M, =T](0,1,2)



m Product term (or minterm): ANDed product of literals — input combination for which output is true

A B C | minterms F in canonical form:

0 0 0 ABC mO  FABC) =:Im(13567)

0 0 1 ]ABC ml =ml+m3+mb+mé+m7

O 1 0 ]ABC m2 F= ABC+ABC-ABC+ABC+ABC
o 1 1 A E E m3  canonical form = minimal form

1 0 0 ABC m4  F(ABC) ABC+ABC+ABC+ABC+ABC
10 1 1ABC m5 -(AB +AB+AB + AB)C + ABC
11 0]1ABC mé6 = (A + A)B +B))C + ABC

L1 tjagc  ,ms - C+ABC= ABC +C= AB+C

short-hand notation form in terms of 3 variables

m Sum term (or maxterm) - ORed sum of literals — input combination for which output is false

A B C maxterms
O 0 0 A+ B+£ MO F in canonical form:
O 0 1 A+B+C M1 o
— F(A, B, C) =T1IM(0,24)

o 1 0O |A+B+C M2
0 1 1 |A+B+«C M3 - MO~ M2~ M4 _ =
1 0 0 |A+B+C M4 | = (A+B+O)(A+B+C)(A +B+C)
: 0 1 Z+B+T M5 canonical form = minimal form _

nT= F(A,B_,C) :(A+B+C)(A+B+C)(A +B+C)
1 1 0 |A+B+C M6 =(A+B+C)(A+B +C)
1 1 1 |A+B+C M7 )

P (A+B+C)(A +B+0)
short-hand notation for maxterms of 3 variables - (A' * C) (B + C)



Conversion of Minterm and Maxterm

F=XYZ+XYZ+XYZ+XYZ=m,+m, +mg+m, = > m(0, 2,5,7)

F=XYZ+XYZ+XYZ+XYZ=m+my+m,+ms=> m(, 3, 4, 6)



Conversion of Minterm and Maxterm

F=m,+m,+m, +m,

:>F=m1+m3—|—m4+m6 :ml'ms'm4'm6

— — — - P
—=F=M,-M;- M, - Mg =(X+Y +Z)(X+Y +Z) (X +Y +Z)(X +Y +2Z)

:HM(1,3,4,6)



L olify the funet
Simplify the function



Logic Circuit Design Process

 Asimple logic design process involves
— Problem specification
— Truth table derivation
— Derivation of logical expression
— Simplification of logical expression
— Implementation

Problem Derive Derive logical Simplify logical Derive final
specification truth table expression expression logic circuit




Standard Forms

e Sum of Products (SOP) — —
» AB(C +C)

K L
- A = ABQQ)
F = ABC + ABC + ABC + ABC —
. = AB
X » AC(B + B)
= AC
> BC(A+ A)
— BC

F — BC(A+A) + AB(C+C) + AC(B<B)

F =BC + AB+ AC



Boolean Algebra

* We can use Boolean identities to simplify the function:

as follows: F(X,Y,Z)= (X + YY) (X + Y) (X2)
(X + ¥Y) (X + YY) (XZ) Idempotent Law (Rewriting)
(X + ¥) (X + ¥Y) (X + Z) DeMorgan's Law
(XX + XY + XY + YY) (X + Z) Distributive Law
((X + YY) + X(Y + ¥)) (X + Z2) | Commutative & Distributive Laws
((X + 0) + X(1)) (X + Z) Inverse Law
X (E + Z) ITdempotent Law
XX + XZ Distributive Law
0O + XZ Inverse Law
XZ Idempotent Law




Logic simplification

* Example:

Z

=A'BC+ AB'C'+ AB'C+ ABC' + ABC
= A'BC+ AB'(C’ + C) + AB(C' + C) distributive

= A'BC+ AB’ + AB complementary
= A'BC + A(B' + B) distributive
=A'BC +A complementary
=BC+A absorption #2 Duality

(X oY')+Y=X+Y with X=BC and Y=A

* Simplify A4+ AB+ABC
~ DeMorgan's theorems.

A+AB+ABC
A+ABC
A

+ Simplify AB + A(B + C) + B(B + C)

AB+AB+ AC+ BB+ BC

AB+AC+B+BC
AB+B+ AC

B+ AC



Y=ABC+ABC+B.C+AB

Using Boolean algebra:

Y=ABC+ABC+B.C+AB

Y = AB.C+ ABC + A.B.C + A.B.C + A.B.C + A.B.C (Expanding all terms by multiplying by

l.i.e.(A + A))
Y=AB.C+ E.(A.C +A.C+AC+ AC + EE) (Take out the common factor)
Y=AB.C+ g(A(C + E)+ E(E +C + E)) (Group terms and take out the common factors)
Y = AB.C+B(A+A4) (Simplify)

Y = AB.C+B




Structural Operations

Restructuring Problem: Given initial network, find best network.
Example: f, = abcd+abce+ab’cd’+ab’c’d’+a’c+cdf+abc’d’e’+ab’c’df’
f, = bdg+b’dfg+b’d’g+bd’eg

minimizing,
f, = bcd+bce+b’d’+a’c+cdf+abc’d’e’+ab’c’df’
f, = bdg+dfg+b’d’g+d’eg
factoring,
f, = c(b(d+e)+b’(d’+f)+a’)+ac’(bd’e’+b’df))
f, = g(d(b+f)+d’(b’+e))
decompose,

f, = c(x+a’)+ac’x’
f, = gx
x = d(b+f)+d’(b’+e)
Two problems:
 find good common subfunctions
« effect the division

31



Structural Operations

Basic Operations:
1. Decomposition (single function)
f= abc+abd+ﬁa cd+b’c’d’
f=xy+x’y’ Xx=ab y=c+d
2. Extraction (multiple functions)
f = (az+bz’)cd+te g=(azt+bz’)e’ h=cde

f=xyte g=xe’ h=ye x=azt+bz’ y=cd
3. Factoring (series-parallel decomposition)

L = actad+bc+bd+e

f = (atb)(c+d)+e
4. Substitution

g=atb f=atbc

U
f=g(atb)
5. Collapsing (also called elimination)
f=ga+tgb g =c+d

f = ac+ad+bc’d” g=c+d -



Ornek

* Girisine giren 2 bitlik sayilarin karesini alan lojik devreyi dogruluk
tablosu cikararak hesaplayiniz.

A B E F G H
A —— E 0 0 0 0 0 0
Kare — 0 1 0 0 0 1
B Alict — ¢ 1 0 0 1 0 0
—— H 1 1 1 0 0 1

E=A-B G = Lojik 0 F=A-B H=AB+AB=B(A+A) =8B



A

i
_/
o

Applying the previous rule to expand A term

A+ AB = A B [ |/ h>*t:: = AB + BC(B+C)

+
A + AB + AB

; nd rd B+
l Factoring B out of 2™ and 3 terms c . N
_ BC (B+C)
A A)
+ — I—

L + B
l Applying identitya + A = 1 Jac
A + B(1)
L Applying identity 1A = A AB + BC(B + C)
At E l Distributing terms
A + B(A + C) + AC AB + BBC + BCC
Distributing terms Applying identity AR = A
to 2nd and 3rd terms
A + AR + BC + AC AB + BC + BC
ApplyingruleA + AB = A Applying identity A + A = A
to 1st and 2nd terms i to 2nd and 3rd terms
A + BC + AC AB + BC

Applyingrule A + AB = A _
l to 1st and 3rd terms l Factoring B out of terms

A + BC B(A + C)



A + BC + AE
l Breaking longest bar

(L + BC) (AB) -
Applying identity &2 = A
l wherever double bars of
__equal length are found
(& + BC) (AB)

Distributive property

AAB + BCAB
Applying identity AA = A
to_leﬂ term; applying identity
AA = 0to B and B in right
term

al

gl*ﬂ—+
=]

Applying identity A + 0 = A

The equivalent gate circuit for this much-simplified expression is as follows:

o e

ABRC + ABC 4+ ABRC + ARC

l

Factoring BC out of 1% and 4™ terms

BC(A + A) + ABC + ARBRC

|

BC(1) + ABC + ARC

|

BC + ABC + ABC

|

B(C + AC) + ARC

o

B(C + A) + ABC

|

BC + AB + ABC

|

BC + A(B + BC)

l

EC + A(B + )

|

BC + AB + AC
or
AB + BC + AC

Applying identity 2 + & = 1
Applying identity 1A = A

Factoring B out of 1 % and 3™ terms

Applying rule A + 2B = A + Bfo
the ¢ + ACterm

Distributing terms

Factoring A out of 2" and 3™ terms

Applyingrulea + AB = A + Bto
the B + BCterm

Distributing terms

Simplified result



Toxic waste

Toxic waste incinerator

Exhaust «

sensor
A

sensor
C

Inlet

{

Waste shutoff
valve

r

Fuel
" inlet



The Karnaugh Map
s



Lojik fonksiyonlarin sadelestirilmesi

* Lojik fonksiyonlarin sadelestiriimesinde en cok kullanilan iki
yontem sunlardir:

e 1. Karnaugh Diyagrami Yontemi
e 2. Quine-McCluskey Tablo Yontemi



Adjacent cells on a Karnaugh map are those that differ by only one variable. Arrows point between adjacent cells.
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D
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1 DEE
10 1 \ (1 | D
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BC ABC
(d)



Problems

Simplify the following Boolean functions, using three-variable maps:

(a) F(x,y.z) = %(0,2,4,5) (b) F(x,y,z) = £(0,2,4,5,6)
(¢) F(x,y.z) = %(0,1,2,3.5) (d) F(x,v,z2) = 2(1.2.3.7)
Simplify the following Boolean functions, using three-variable maps:
(a)*F(x,y.z2) = 2(0,1.5.7) (b)*F(x,y,z) = £(1,2,3,6,7)
(c) F(x,y.z) =%(2,3,4,5) (d) F(x,y,z) = %(1,2,3,5,6,7)
(e) F(x,v.z) =%(0,2,4,6) (f) F(x,y,z) = %(3.4,5,6,7)
Simplify the following Boolean expressions, using three-variable maps:

(a)* xy + x'y’z" + x'yz’ (b)* x'y" + yz + x'yz’

(c)* F(x,y.z) =x'y +yz' +y'z' (d) F(x,y.z) = x'yz + xy'z’ + xy'z



Problems

Simplify the following Boolean functions, using Karnaugh maps:

(a)* Fx,y,z) = 2(2,3,6,7) (b)* F(A,B,C,D)=x(4,6,7, 15)
(c)* F(A,B,C, D)= %(3,7,11,13, 14, 15) (d)* F(w,x, y, z) = (2, 3, 12, 13, 14, 15)
(e) F(w,x,y,z)=%(11,12 13, 14, 15) (f) F(w,x,y,z) = Z(8,10,12,13,14)
Simplify the following Boolean functions, using four-variable maps:

(a)* Fw,x,y,z) = 2(1,4,5,6, 12, 14, 15)

(b) F(A,B,C,D)=3%(2,3,6,7 12, 13, 14)

(c) F(w,x,y.z)=2(1,3,4,5,6,7,9,11,13,15)

(d)* F(A.B.C.D) =%(0,2,4,5,6,7,8,10,13,15)

Simplify the following Boolean expressions, using four-variable maps:

(a)* A'B'C'D' + AC'D' + B'CD' + A'BCD + BC'D

(b)* x'z + wixy" + wix'y + xy’)

(c) A'B'C'D+ AB'D + A'BC' + ABCD + AB'C

(d) A'B'C'D' + BC'D + A'C'D + A'BCD + ACD'

Simplify the following Boolean expressions, using four-variable maps:
(a)* wz+xz+x'y+wx'z

(b) AD'+ B'C'D + BCD' + BC'D

(c)* AB'C+ B'C'D'" + BCD + ACD' + A'B'C + A'BC'D

(d) wxy + xz + wx'z + w'x



Ornek

« A=A1, AOve B=B1, B0 sayilari karsilastirilacaktir. A>B, A=B ve A<B cikislarini veren devreyi dogruluk
tablosunu cikartarak Karnaugh diyagrami ile gerceklestiriniz.

A'J. Aﬂ B'l Bﬂ A e B A = B A < B Bﬂ 00 01 11 10
0 0 0 0 0 ! 0 p o | o0 | 01 | 11| 10 A Ay
0 0 0 1 0 0 1 1 00 :
0 0 1 0 0 0 1 00
0 0 1 1 0 0 1 0 7 01 1
0 1 0 0 1 0 0 — 0 _—1
0 1 0 1 0 1 0 11 1 | q 1
0 1 1 0 0 0 1 — A— 10 1
0 1 1 1 0 0 1 10 1 1
1 0 0 0 1 0 0 A~ B A=B
1 0 0 1 1 0 0 - - o B
1 0 1 i} 0 1 0 ‘F'l — A'lB'l +AQB]_ Bﬂ + A']_A[}Bﬂ FE _ Al Aﬂ B'l Bﬂ + Al Aﬂ Bl BD +
1 : 0 é A, A, B, By + A, Ag B, B
1 1 0 1 1 0 0 . ._ e . o
A
1 1 1 1 0 1 0 144 r
Ag By By GD ]. ]. I ].
i—

1

T T
]
=1
]




Simplity the logic diagram below.

Oout= AE + EB aB0o 1
AE 01 10

1

BB out Lﬁlxl— ou
A J E_),."_,.'_ Exclusive-0OR

il
J |
&
|
|
1
-
= e




Out= ABC + ABC + ABC + REC

C
ANDO 011110

0 (1 [1]

1 2 [1)

[ —

Out= B

Mapping the four p-terms vields a single group of four, which is B




Qut= ABECD + RECD + RECD + BRECD

Out= EECD+EBCD+ABCD+ABCD+ABCD+ABTD+ABCD CD

N AN D00 01 11 10

B\00 01 1110 001" 11

00 fan s

01 [EN 01

111 |1l |1 11

05| 1y R :
*, 4 10| 1, 1

Out= AB + CD x

out= BC

+BCD +BCD + ABCD + ABD + ABCD
/ | Oout- ABCD + BBCD + ABCD + ABCD
[ \CD | CD + BBCD +AECD + RECD + RECD
Apn 00 01 11 10 | Apy00 011110
Voo (1|1 |1 || | oo RENENES ANCD |
011 _1/ [ ooon1) | 1] = g\00 01 1110
T Y | T f' 00|
1171 1. / 1ifa ] | 2] . . -.1,
10| 1{1]|1]1 10, "'if'l 141, 01
~— SEP A i 11 L
g7 out-E 4D 100 1]1]1]|1}

Qut= B



Out= ABECD + RBCD + ABCD + ABCD
+ RBECD + ABCD + AETD + AECD

cn . CD
A\ 0001 1110 AN 00 01 11 10
001 |/ 00|@ D

— | i ___\_H
01| |l I.f‘ul 01| | |D
11 \L/ A 11 alo
o] | W] owofip | E]

AECD + BCD + ACD
BRBD + RBC + RED

Out= (A+B+C+D) (RA+B+C+D) (A+B+C+D) (A+E+C+D)
(A+B+T+D) (A+B+C+D)(E+B+T+D)

CD CD
AR\ 00 01,11 10 ApRN00 01 11 10
oo| oy }on 00f 1Y f1°
i - 11 .
01 /| |0 Dl: ol _:-1 '
11 o | 11 1 (@D
10 0y o 10} 1] |1,

Out= CD + CD+ ABD
Out= (B+C+D)(A+C+D)(C+D)

Qut= (B+C+D0) (A+C+D) (T+D) Out= TD + CD+ ABD
c T} ——
LDC{:LV\ T F%fw N\
r—f S A 5 L:”J —) )
Er Dol -




Combinational Circuits
mhd



Tumlesik Kombinasyonel Devreler

Belirli bir isii yerine getiren kapilarla tasarlanmis devrelerdir.
* Yari ve tam toplayicilar,

* seciciler,

* kodlayicilar,

* PAL (Programlanabilir Dizi Elemani),

* PLA (Programlanabilir Lojik Dizi Elemani)

* Cogullayicilar gibi elemanlar sayilabilir.



Introduction to Combinational Circuits

e Combinational circuits

* Output depends only on the current inputs

 Combinational circuits provide a higher level of abstraction
— Help in reducing design complexity
— Reduce chip count

e We look at some useful combinational circuits



Classification of Combinational Logic

Combinational Logic Circuit

v

'

Arthmetic &
Logical Functions

Data
Transmission

l

'

Y

Code

Adders
Subtractors

Comparitors
PLD's

Multiplexers
Demultiplexers
Encoders
Decoders

Converters
Binary
BCD

/-segment




Programmable Logic Array Example

F1= A’'B’C+A’BC’+AB’C’=(AB+AC+BC+A’B’C’)’

A :% F2=AB+AC+BC
s — =
C 1 )
|/
_2/ X Fuse intact
_3\ ) Fuse blown
-/
) \
J N
C C B B A A 0
A 1
A
) >—r

Combinational Logic



O O>» > O> OW>»

JUUV U

Analysis Procedure
* Boolean Expression Approach

lABC

) >

/ A+B+C

> :

) >

AB'C'+A'BC'+A'B'C

|(AI+BI)(AI+CI)(BI+CI)

lAB+AC+BC

F,=AB'C'+A'BC'+A'B'C+ABC

F,=AB+AC+BC
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Analysis Procedure

e Truth Table Approach

N 000 0 0
52, =D _Z}l F. 001 1 0
e 0 10 1 0
Bl = — 0 011 0 1
C=1 0 —————’/ 1 O O l O
A-1q -— |::> 1 01 0 1
B=1 1 - 1 10 0 1
éi ::).:_ L Fo 111 P 1
S

!

N

B
0 1‘0‘1
Ay 1 | 0 | 1 | O A
C

F,=AB'C'+A'BC'+A'B'C+ABC F,=AB+AC+BC

@
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Design Procedure

e BCD-to-Excess 3 Converter
C

>
o
O

o

D

y = C’D’+CD

Rl |k|R|R|~|lo|lo|lo|lo|lo|lo|o|o
el |lo|lolo|lolk||lk|r|lololo
|~ |lolo|lr|r|lo|lo|r|r|lolo|l|k|lololo
N =1 = = R = R = R = R = =
R N A N e e T I = =l =1 =] k=] =
X |X |X |X |X | X|~|lo|loo|o|—|F|F |k |O]x
X X |[x|[X|¥X|x|o|l—|—|lolo|—|—|lolo|—]<

X |x|%[x|x|[x|ol—|o|—|lo|—|lo|—|o|—]~
@)




Design Procedure
* BCD-to-Excess 3 Converter

ABCD W XYy zZ A

0000 0011 —Z}W
0001 0100 3—

0010 0101

0011 0110 — > )—

0100 0111 i}x
0101 1000 B T 3—

0110 1001 _D__|>.,_

0111 1010

1000 1011 c —A — —

100 1 1100 ) z—

1010 X X X X

1011 X X X X D >°

1100 X X X X

1101 X X X X w=A+ B(C+D) y =(C+D)’+ CD

1110 X X X X x = B’(C+D) + B(C+D)’ =D’

1111 X X X X



Seven-Segment Decoder

W XY zZ abcdefg
0000O 1111110
0001 0110000
0010 1101101
0011 1111001
0100 0110011
0101 1011011
0110 1011111
0111 1110000
1000 1111111
1001 1111011
1010 XXX XXXX
1011 XX XX XXX
1100 XX XX XXX
1101 XXX XXX X
1110 XX XXXXX
1111 XXXXXXX

a=w+y+xz+x’z’




Seven-Segment Decoder

10

10

(1 [T

11

11

01

00

01

CD

AB

00

01

11

10

CD

AB

00

01

11

10 -—"1“1 1

+ ABC + BCD + ABC

d = ABD

+ BCD + ABD

+A+CD

e = RBD




Circuits for Binary Addition
) i y RTTETR



Half Adder Circuits for Binary Addition

With twos complement numbers, addition is sufficient

i
Al __Bi |Sum_ Carry Bi 0 1 Bi O 1
O O o) o) o| o 1 ol| o o)
O 1 1 o)
1 O 1 0
1 0
1 1] o 1 1 1| 0 1
Sum = Ai Bi + Ai Bi Carry = Ai Bi
= Ai ©Bi
Aj \

= } Sum

B; /
3 Carry Half-adder Schematic




Full Adder

A2 B2

A3 B3

Y Yy

Cascaded Multi-bit
Adder

v

'Y

-+

usually interested in adding more than two bits

this motivates the need for the full adder

Al Bl

AO BO




Full Adder

A B
Cl OO0 O1 11 10

RRRROOOO>

RPROORPFROO|T

RORORORFROIO

ROOROREOIN

FAHHOFWDOO8
n

Cl OO0 O1 11 10

CcO

S =Clxor AxorB
CO=BCl + ACIl + AB=CI(A+B)+AB



Full Adder Circuit

Standard Approach: 6 Gates

Alternative Implementation: 5 Gates

-

— } > co

ADB A®B@CI
A —— Haf S = Half S —
®
B Adder co LAB Adder co Cl (A®@B)
Cl
+ ——m CO

AB+Cl(AxorB)=AB+BCI+ACI




Ad_der/Su btractor

; Overflow

A-B=A+(B)=A+B+1

Ao Bl Yo B Au By By Ao BoB
[ Sel 0 1 |]Sel 0 1 |Sel 0 1 |Sel
; 7 v W " v "
A B A B A B A B
—I|CO + CI | CO + Cl a&——[O + Cl| —[O0 Cl p¢—— Add/Subtract
S l S S
S, S S



Yari toplayici (Half Adder)

* Yari toplayici elde girisi o W
olmaksizin 1 bitlik iki R I - g

sayinin toplamini bulan
bir kombinasyonel
devredir.




Tam toplayici (Full Adder)

e Girisinde elde bitinin oldugu ve bir bitlik iki sayi ile birlikte toplandigi bir
kombinasyonel devredir.

Toplam Elde

i3]
g

Yar toplayicl — 2

(=2~
s
]

L
L
[l Rl Ml el = == L )
ol el =1 k=1 Ll Il B =0 =1 =]
k=R
el =1 =1 L =1 L Ll =
=

0 0
1 1
0 1
E Cin s 1 1
—_—
—
{1 . Tam c
b Toplayica out
_— 01 10
b 0o 11 b 00 01 1 10
C;n C"l’l

1 1 0 1 ] 1 0 1 1 1
Dﬂ | |

T = Cyp@b + Cpab + Cppab + Cpab = Cyp (@b + ab) + €y (ab + @b) = T = a@b@cm

Tam toplayici devresi Coue = Cinb +Cipa +ab



Ko

full adder.

Combinational Circuits

Carry In

—

o—H o

Carry Out

HERRHROOOO ¥

Inputs
Carry
Y In
(o) o
o 1
1 o
1 1
o o
(0] 1
1 o
1 1

Outputs

Carry
Sum Out

ROORORRERO
PRPRROPRLROOO

73



Multiplexers



MULTIPLEXER

4-to-1 Multiplexer

Select | Output
S, S Y
0 0 lo
0 1 I
1 0 l,
1 1 5
lo N
|
l, I N
|
|, D
5 N
N




* Multiplexer
— 2" data inputs
— n selection Inputs
— a single output

» Selection input
determines the input
that should be
connected to the output

Multiplexers

4-data input MUX

S1 So| O
0O 0| Io
O 1 | I
1 O | Iz
1 1| 1Is




S:1 So

Multiplexers

4-data input MUX implementation

o

o | —o




— e e O = OO O

Multiplexers

MUX implementations

Majority function

= QO QO = QO = = O

— 1 I,

A B C

S> S1 So

Even-parity function



ul

GND

Exam

1]
2 [ ]
3]
4[]

6|
7 [

8[|

74151

]

JUuttud

(a) Connection diagram

Multiplexers

nle chip: 8-to-1 MUX

16 Vcc
15 I,4
14 15
13 Ig
12 I5
11 Sy
10 S,

9 S,

S> S1 So

X C 2
ol O

(b) Logic symbol



Original truth table

Multiplexers

Efficient implementation: Majority function

A B C | F
O 0 O] O
O 0 1| 0
O 1 0| O
o 1 1| 1
1 0 O] O
1 0 1| 1
1 1 o0 | 1
1 1 1| 1

New truth table

A B | F,
O 0| O
O 1| C
1 0| C
1 1 | 1

A B
Si1 So
0—lo
C —1; M
u
C—1-> >'¢
].—Ig




Data in

Control input

S: So

DeMux

O 0O

Oo

1

N

3

N

Demultiplexers

Demultiplexer (DeMUX)

> Data out

7

S1 So

>c%

e

JUUL




Decoders



« Decoder selects one-out-of-N inputs

Encoded — |

data in

= = O Q |~

- QO = Qe

O O O
0O O 1
Q) 1 O
1 O O
Oo

T
Il"g 01

S
1, 8 O,
O;

Decoded
data out

Decoders

JUUL



A B Cj, | Sum C g4
O O O O 0
O O 1 1 0
O 1 O 1 0
O 1 1 0O 1
1 O O 1 0O
1 O 1 0O 1
1 1 O O 1
1 1 1 1 1

(Full Adder)

Logic function implementation

@ >

@

[

Decoders

Decoder

ﬁ)} Sum

9 000 o

P D— C out



Comparator



Comparator

e Used to implement comparison operators (=, >, <, >, <)




Comparator

A=B: O, = | (x=A<B, A=B, & A>B)

4-bit magnitude comparator chip

N

7485

116 Vcc

JUudtud

(a) Connection diagram

15

14

13

12

11

10

(b) Logic symbol



Comparator

Serial construction of an 8-bit comparator

S — Ias
= 1a-B
S— Iasn
o —1 Bj
nm/.| B, - Oa<B
e — By ¥ Oa=p
nmu| By OasB
< A;
<14,
<A
<— Ao
Ia<s
[A-B
a8
m — B j
m— By Opgp
m —1 B m O
- ~
m By Oap
< A; F
<A
<A
<— Ao

A>B A=B A<B

N

/

N

Final result




X>Y

X=y

1-bit Comparator

x>y

X=y

X<y

X<y




Adders



Adders

 Half-adder

— Adds two bits
* Produces a sum and carry

— Problem: Cannot use it to build larger inputs

 Full-adder

— Adds three 1-bit values
 Like half-adder, produces a sum and carry

— Allows building N-bit adders
e Simple technique
— Connect Coyt of one adder to Cin of the next
* These are called ripple-carry adders



Adders
Sum C., ¢ \
S o TL) > sum

B — 1 —*
? }
out

(a) Half-adder truth table and implementation

p—ip—ioo>

= Q = QW
= Q O O

1
1
O

E.

HHHHOOOO>

= O O = = Q Ol
~ O r O r O~ OIN

Sum C_,; C..
oo P =y > S
O B ® /)D T ’

1 O

O 1

Lo O

O 1

L O

(b) Full-adder truth table and implementation



Adders

A 16-bit ripple-carry adder

Ais Bis
A B
Ci5 = Coum Cin
Overflow
signal S

C out Cin [=

C in




Adders

* Ripple-carry adders can be slow
— Delay proportional to number of bits

» Carry lookahead adders
— Eliminate the delay of ripple-carry adders
— Carry-ins are generated independently
* Co=A0Bo
e C1=ApBpA;1 +ApBpB1+A1B1
— Requires complex circuits
— Usucz;llly, a combination carry lookahead and ripple-carry technigues are
use



Ornek
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Ornek

* Sekildeki telefon sisteminde konusmada oncelik sirasi A,B ve C’ dir. Santral bu onceligi
secerek cikis verecektir. Bu sistemi gerceklestiriniz (Konusma isteginde santral 1 sinyali
verecektir).

A
-—tr Cikas

B Santral ——l-‘z "

C
A B C x y z flx) = A4,
0 0 0 0 0 0 L L
0 0 1 0 0 1 f(v) =ABC + ABC = AB(C + ()
0 1 0 0 1 0
0 1 1 0 1 0 V) = AB.
1 0 0 1 0 0 e
1 0 1 1 0 0 '\ _ iD
1 1 0 1 0 0 f(z) =ABC
1 1 1 1 0 0
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