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Icerik

Sayisal Tasarim
* Boolean Algebra

Simplify the function

* The Karnaugh Map
 Combinational Circuits
* Sequential Logic

* Counters

e State Tables



Sayisal Mantigin Temelleri

Sayisal mantik degerlerini temsil etmek icin ikili sayi sistemi kullanilir: 1/0 (Dogru /Yanlis, lyi /K6tQ,
Gece/Gundiz, OV /5V)

Sayisal mantik degerlerinin matematiksel islemleri, Boole cebirinin kurallarinda belirtilen yasalar tabidir.

Boole cebirinin kurallarinda belirtilen yasalarin matematiksel girdileri ve ciktilari ikili sayi1 (1/0) sistemi ile
temsil edilir.

Bilgisayar sistemlerinin donanimini olusturan mantiksal kapilari
* AND, OR, NOT, NAND, NOR, XOR, ...
Mantik kapilari, transistorler kullanilarak olusturulur.
 NOT gate can be implemented by a single transistor
* AND gate requires 3 transistors
Transistorler bilgisayar sistemlerinin temel devre elemanlaridir.
* Pentium consists of 3 million transistors
e Compag Alpha consists of 9 million transistors
* Now we can build chips with more than 100 million transistors



Gates and Transistors
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Transistor elektron akisini kontrol eden, yari iletken teknolojisinde
uretilen bir devre elemanidir.
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(a) A transistor inverter.
(b) A NAND gate.
(c) A NOR gate.



Mantik Kapilari icin semboller ve islevsel davranis

NOT NAND NOR AND OR
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AND Kapisi: Girislerden herhangi biri 0 ise cikis O dir. Girislerin tiumu 1 ise cikis 1 dir.
OR Kapisi: Girislerden herhangi biri 1 ise cikis 1 dir. Girislerin timu O ise cikis O dir.
NOT Kapisi: girisin evrigini alir.

Mantik kapisi, bir Boole islevini uygulayan ideallestirilmis veya fiziksel bir devredir, yani bir veya daha
fazla mantik girisinde mantiksal bir islem gerceklestirir ve tek bir mantik cikisi tretir.



Giris ve Cikis mantiksal sevilere bakilarak mantik kapisini

belirleme

* Q@iris dalga formlari A ve B bir mantik kapisinin iki girisine uygulandiginda cikis dalga formu belli
ise bu kapinin tirinu belirleyiniz. (AND Kapisi)
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Logic Gates

Toplama Karsilastirma

The EXCLUSIVE OR Truth Table The EXCLUSIVE NOR Truth Table

f= A XOR B f= A XOR B

The XOR Gate

A f= AD@®B

This is called the equivalence gate

Karsilastirma ve Aritmetik toplama islemlerinde XOR kapilari kullanilir.
Girislerin timu birbirine esit (0 ya da 1) cikis sifir ise XOR, cikis 1 ise XNOR kapisidir.



Logic Functions » Logical functions can be expressed
In several ways:

— Dogruluk Tablosu

Truth Table: 3-input majority function — Mantiksal ifade

A B C - — GOsterim

0 0 0 0 * Logical expression form

0 0 1 0 F=A'BC+AB’C+ABC’+ABC

0 1 0 0 A B C F=AB+BC+AC

0 1 1 1 1 ° } . :i/zgilgekr:egleer;:(rlmetrgg)(?z:(rﬁkgiiri§ sayisini
1 0 0 0 | — . verir.

1 o0 1 |1 R S
1 1 0 1 * D

1 1 1 1 ™

Giris sayisi, m olursa kac farkli durum vardir? S=2~m durum vardir. 2 tabani
olmasinin nedeni ikili sayi (binary) sisteminden kaynaklanmaktadir: 0 yada 1, bit



Boolean Algebra



Boolean Algebra

Definition: a logic variable x can have only one of two possible values or states
x = TRUE

x = FALSE
In binary notation, we can say
x=TRUE=1
x=FALSE=0
This is called positive logic or high-true logic. We could also say
x=TRUE=0
x=FALSE =1
This is called negative logic or low-true logic. Usually we use the positive logic convention.
Electrically,

— 1 is represented by a more positive voltage than zero and
— 0 is represented by zero volts

x=TRUE =1 =5 volts

X = FALSE = 0 = 0 volts



Boole Cebirinin Kurallari ve Yasalari

Tek degiskenli temel kurallar:

* Boole Cebirinin Kurallarinin ve Yasalarinin her birinin bir kaniti, A+0=A
degiskenin yalnizca iki bit(0/1) degere sahip olabilecegi A+1=1
gerceginden yararlanilarak kolayca ispat edilebilir. A+A=A

* Not: A=0Oyada1olur B

e A +A+A+A+A....+A+ 1 =1; OR kapisinda girislerden herhangi
biri 1 ise cikis birdir. Diger ispat etme yontemi, 1 ve O degerleri
verilerek dogruluk aranir. It should be noted that A = A

o A+A+A+ ...+ A=A (Neden? iki degiskenli O ya da 1 girisler
mevcuttur)

A+A=1

e AAA .. A=A Mantiksal matematigi ikili (0/1) sayi sisteminde hesaplama yapilir.
— IfA=Othen0O+1=1 Soru: Boole cebrini kullanarak asagidaki islemi yapiniz. A=9, A+1=>
— IfA=1then1+1=1 a) 0b)1c)10d) 8 e)hicbiri

Soru: Boole cebrinde A hangi degerleri alir? a)0b)1c)0/1d)0,1,2, ..., 9
d)Her degeri e)hicbir degeri

Soru: Boole cebrinde A=1 ise, A+A+A+A+A=? A)1 B)O C)A D)5 D)5A E) Hicbiri
Soru: Boole Cebrinde A*A*A*A=? A)A B) A4



Boole Cebirinin Kurallari ve Yasalari

DeMorgan Yasalari, NAND ve NOR mantigi ile ugrasirken ozellikle yararhdir.




Boole Cebri Teoremleri

1. a) a+b=b+a Degisme Ozelligi
b) a-b=b-a

2. a) a+b+c=a+(b+c) Birlesme Ozelligi
b) 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 Fazlalik Ozelligi

b) a-a=a
5. a) a+a.b=a Yutma Ozelligi
b) a-(a+b)=a

6. a) (a)*n =a islemde Fazlalik Ozelligi
b) (@ xn) =
7.3) (a+ b)=
b) (a-b)=a +

a
a:

b De Morgan Kurali
b

8. a) a+a =1 Sabit Ozelligi - The 12 Rules of Boolean Algebra

b) a-a =0 cA+0=A
9. a) 0+a=a Etkisizlik Ozelligi *TR A
) 1o *A0=0
) 1-a=a ) cA-1=A
10. a) 1+a=1 Yutan Sabit Ozelligi s A+A=A
b) 0-a=0 *At+A=1
*A-A=A
11. a) (a+b )-b=b c A-E=0
b) a-b +b=b c A=A
- A+AB=A
*A+AB=A+B

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



Mantiksal islemlerin sonucu daima 1 ya da O dir.

a+a+a+a+...+a=a
a*a*a* .... *a=a
1+a+b+c+ ... + z=1

ab’c + ab’c=ab’c; benzer ifadelerin toplami her zaman benzer bir
tanesine esittir.



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




Rules and Laws of Boolean Algebra

e Some useful theorems

_ A+AB=A(1+B)=A; 1+B=1
A + ‘EB = A A+A’B=(A+A’)(A+B)=A+B; A+A’=1;

— A+BC=(A+B)(A+C)
A+AB . A+B AB+AB’=A(B+B’)=A; B+B’=1
AB+AB=A A(A+B)=AA+AB=A+AB=A(1+B)=A; AA=A

A(A’+B)=AA’+AB=AB; AA'=0
(A+B)(A+B’)=AA+AB’+AB+BB’=A+A(B+B’)+0=A+A=A

A(A +B) = A
AA+B)=AB
(A+B)(A+B) = A




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)



Standard Forms

 Sum of Products (SOP) — —

K L
- N = ABQ@)
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)

* indirgeme yapilirken: bir ifadeden cok sayida ilave edilip cikarilabilir. (Clinkdi:

F =BC+ AB + AC abd + abd + abd + ....=abd)

* indirgemede ifadedeki degisken sayisinin bir eksigi ifadenin bezerligi aranir. (bu
ornekte ifade 3 degisken olusmaktadir. O halde 2 benzer aranir.)



Simplification of Expressions using
Boolean Algebra

AB + A(B+C) + B(B+C)
AB + AB + AC + BB + BC {distribution}
AB + AC + BB + BC X+ X=X)
AB + AC + B + BC X.X =X}

AB +B.1 + BC + AC X.1 =X}
B(A+1+C) + AC {distribution}
B.1 +AC M1+X=1)
B + AC X.1=X 1




Ornek: Boolean Algebra

* We can use Boolean identities to simplify the function:
as follows:

F(X,Y,Z)= (X + Y¥) (X + Y) (XZ)

(X + ¥) (X +Y) (XZ)
(X + ¥) (X +Y) (X + 2)
(XX + XY + XY + YY) (X + Z)
((X + YY) + X(Y +Y)) (X + 2)
((X+0) + X(1)) (X + 2Z)
X(X + Z)
XX + XZ
0 + X=Z

XZ

Idempotent Law (Rewriting)
DeMorgan's Law
Distributive Law

Commutative & Distributive Laws

Inverse Law
Idempotent Law
Distributive Law
Inverse Law
Idempotent Law




Ornek: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



Ornek: Boolean Algebra

A + BC + AB

l Breaking longest bar
(R + BC) (AB) -
Applying identity & = A
l wherever double bars of

equal length are found

(& + BC) (AB)
l Distributive property

BAB + BCAB
Applying identity A8 = A
to_leﬂ term; applying identity
AR = 0 toBand B in right
ferm

AB + O
l Applying identity 2 + 0 = A
LB

The equivalent gate circuit for this much-simplified expression 1s as follows:

e

ABRC + ABC 4+ ABRC + ARC

L Factoring BC out of 1% and 4™ terms
BC(A + A) + ABC + ABC
l Applying identity 2 + & = 1
BC(1) + ABC + ABC

l Applying identity 1A = A
BC + ABC + ABC

L Factoring B out of 1 % and 3™ terms
B(C + AC) + ABC

l Applying rule A + 2B = A + Bfo

the ¢ + ACterm

B(C + A) + ABC

i Distributing terms
BC + AB + ABC

l Factoring A out of 2" and 3™ terms

EC + A(B + BC)
Applyingrule 2 + 3B = A + Bto
L the 2 + BCterm
EC + A(B + )

l Distributing terms
BC + AB + AC
or Simplified result

AB + BC + AC



The Karhaugh Map



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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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



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




Kombinasyon Devreleri



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




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




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



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 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 ICI:I‘]- S 1 1
—_—
—
{1 . Tam c
b Toplayica out
_— 01 10
b 0o 11 b 00 01 1 10
C C"n

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



4-to-1 Multiplexer

Multiplexer

Select | Output

C
S, S, | Y

R = OO

R OPFr O
—

-
i~
[ )
—~ =
B
[N
7




* 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




Demultiplexer (DeMUX)

t o
~o

Data in —

‘—
I -
@
. L
Control input ®
S: So i iy
Og— ®
et
5 O
1 = ! Data out ®
a Oz *
Oz [—




Decoders

Decoder selects one-out-of-N inputs

I, Io] O3 O, O, Oy
O 0] 0O 0 0 1 I,
O 1] 0 0 1 O
1 0| O 1 0 O Io
1 1{ 1 0 0 O
O [—
3
Encoded — ] I = O, — Decoded
datain — 1, g 0O, — data out
O3

VY

111




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

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

D
D—
ND—
D




Sequential (Sirali Mantik) Logic




Address Decoding Circuit



Multiplexers
An eight-input multiplexer circuit.

IO
y




Decoders

A 3-to-8 decoder circuit.
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A simple 4-bit comparator.

Comparators

EXCLUSIVE OR

ALk

gate




1-2 Decoder




2-to-4 Decoder

A Ay | Dy D; D; D3

0O O 1 0O 0 0 I — —
)——Do = A Ay
0 1 0O 1 0 0 '

1 0 0O 0 1 0

" . D—r-an

(b)



3-to-8 Decode
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The 3-to-8 Line Decoder (74L5138)

COutput

111(1(1(1

Inputs
Enahle

2A

~elect
CIBIA|O(L|2|3(4|5]|6]|7F

1111111

i {1(1[1[1]1

1111

1{1(1|1|1|1|1(1

XX |X|1(1|1j1}j1 1|11
1

i’
0

61
Bl
1.0

XXX |X|1(1|1)|]1]1|1|1 |1

i
1
1
1
1
1
1

X | X |IXIX(X1|1|1(1|1|1|1|1

i
i
0
0
0

IB| 1

X
X
0
0
0
)
)
)

R

sduj papg  Iqruy

Figure 10-14 The 74LS138 3-t0-8 line decoder and function table.



Figure 10—15 A circuit that uses eight 2764 EPROMs for a 64K x 8 section of memory in an 8088 microprocessor-based
system. The addresses selected in this circuit are FOOOOH—-FFFFFH.

Aj3 through A 5 seclect
a 2764

A, through A ;g enable
the decoder

‘ 4

7ed VLML LT
== L0l

FCO000-FDFFE.
FEO00-FFFFFL

Ax7 Address space

A RD of 8088/86
18 FOOOOH -FFFFFH




Address Decoding

Ag -
Address I ]
Ay ]
O 2764 |
Data I |
(o L
RD —of OE
Al Ao O, F0000 - FIFFF | o
Ada A F2000 - F3FFF
Ais “o 2 F4000 - FSFFF =B
Ag As O = iCE
A, A o. F6000 - F7EFF JcE
Ay As o, F8000 - FSFFF J<E
A Ag o FA000 - FBFFF Jd e
a7 i FCO00 - FDFFEF
Ag O, = o CE
) G o, FE0Q0 - FFFFF I cE

TABLE 10-1 The 828147 PROM programming pattern for the circuit of Figure 10-17.

Inputs Outputs
OE A8 A7 A6 A5 A4 A3 A2 A1 AO oo O1 02 03 04 ©O5 08 07
o} (0] 0 1 1 1 1 o} (8] (8] (8] 1 1 1 1 1 1 1
(0] (0] (0] 1 1 1 1 (0] (0] 1 1 (0] 1 1 1 1 1 1
(8] (8] (0] 1 1 1 1 O 1 (0] 1 1 (8] 1 1 1 1 1
(8] (0] (0] 1 1 1 1 (0] 1 1 1 1 1 0 1 1 1 1
(8] (0] (0] 1 1 1 1 1 (0] (0] 1 1 1 1 (0] 1 1 1
0 0 (o] 1 1 1 1 1 o] 1 1 1 1 1 1 (0] 1 1
(8] 0 o} 1 1 1 1 1 1 o} 1 1 1 1 1 1 (8] 1
(8] 0] (8] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
all other combinations 1 1 1 1 1 1 1 1




Address Decoding

* Prevent overlap

* |[nput of decoding: CPU- address bus «m» wires
e Qutput off decoding: 2 m

* s, en, .... Address decoding

Example: 10 adet bellegim var. CPU dan Address decoding icin kac
adet adre hattina ihtiyac var?

m=?, m=4, 10 2 16



Addressing of the Memory

The total capacity of a memory is calculated by using the number of wires on
address bus: 2™

The number of wires on address bus is n

Addressing index of the memory: A,,_1 A,,_» .... A, A1 Ay

The capacity range of the memory: 0,1,2, ..., 21

The number of wires of chip select input for decoding: m

The number of wires of chip select output for decoding: 2™, also,
2> the number of the rams

Overlap: It must be written only selected memory cell. The decoding prevents
from overlaps.



Address of Multi-byte Data

= Everv bvte has a unique address 8-bit 16-bit 32-bit 64-bit
m So, if data spans multiple bytes, Addr. o data data data
what is address? 0000 Addr
m Data always addressed by 0001 0000 |Addr
its lowest address 0002 ool 17 [ adar
= address of first byte in memory 0004 Addr 0000
m Alignment 0005 0004| |Addr
= Data elements are aligned by size ggg: DA;;;' poos
= for a primitive (single datum) with 0008 Addr
K bits, address must be multiple of K 0009 0008 Addr
= chars, booleans at any address 000A Addr 0008 Addr
= shorts at even addresses 000B boos ——
= ints, floats, pointers every 4t" addr ESSE '::Dd; Addr
= doubles every 8t address 000E adarl |ooiz
= etc. O00F CEEE

= Arrays, structures, and classes
= alignment determined by size of largest primitive (single datum)
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Address Decoding Unit

Address Bus (output)

Data Bus (Input/Output)

Control Bus (output)

----------------------------------------------------

Parallel or Serial
Communication

Peripheral
Devices

Displays
Keyboards
Printers
Scanners

..............................

)
!
' >
]
Address - T
Decoder 1=l
1 Y2
i CS: Chip Select, low active input
:
Address

Decoding Unit

CPU

LepeH
salpy

atob
Address
Decoding

Circuit

b=2°

Bellekler

Disk dnives
ADC/DAC

Address decoding unit, bellek secer. Bellegin gozi ise CPU’dan gelen adres
hatlari yardimiyla secilir.

Bir bellek secilirken adres decoding devresine CPU’dan gelen adres hatlari
kullanihir. Adres decoding devresinin cikislari bellekleri secmede kullanilir.
Secilecek bellek sayisi=Address decoding devresi ¢ikis sayisi=2™ dir. Burada
m CPU’dan gelen adres hatti sayisidir.

Herbir bellegin kapasitesini belirleyen (Kapasite=2" ) n adet hat CPU’dan
gelir.

Amac ayni anda bir bellegin ilgili veri goziintn secilmesidir.

Adres decoding devresinin cikis sayisi bellek sayisina esit ya da blylik olmak
olmak sorundadir.

Adres decoding devresini girisi, CPU dan gelecek adres hatti sayisi belirlenir.
Ozeldir,



Address Decoding Unit

Secilecek bellek sayisi=Address decoding devresi ¢ikis sayisi=2™m dir.

Ornek: 172 adet bellek var ise 2™ =172 ise m=8 alinir. Ciinkii 27 =128 dir. Bellek sayisina
esit ya da blyuk olan secilri.

O halde CPU’dan Address Decoding Devresinin girisine gelecek hat sayisi=8 dir. Bu
durumda secilecek bellek sayisi 256 olur.

Bellek Address Decoding Devresi yardimiyla secilir. Secilen bellegin yazilip ya da
okunacakilgili gzt ise CPU dan parelel gelecek n, adres hatti ile belirlenir. Burada, i=1 ...
2M dir.

Secilen bellegin kapasitesi=2" byte olur.



“Sirali Mantik”



Sirali Mantik (Sequential Logic)

* Sequential logic has memory; the circuit stores the result of the
previous set of inputs. The current output depends on inputs in
the past as well as present inputs.

o The basic element in sequential logic is the bistable latch or flip-flop,
which acts as a memory element for one bit of data.



Sirali Mantik (Sequential Logic)

* Sirali mantik bellege sahiptir; devre, dnceki giris setinin sonucunu
depolar. Cikis, gecmisteki girislerin yani sira mevcut girislere
baghdir.

* Sirali mantiktaki temel 6ge, bir bitlik veri icin bellek 6gesi olarak

islev goren iki durumlu mandal (latch) veya iki durumlu tetikleme
devresidir (flip — flop).
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The D flip-flop

Input sampled at clock edge
— Rising edge: Input passes to output
— Otherwise: Flip-flop holds its output
Flip-flops can be rising-edge triggered or falling-edge triggered
Clok isaretinin yikselen kenarinda cikis girise esit olur (Q=D). Clok iseretinin diger tim durumlarinda
cikis degismez.
Su anki durum (Q) ve bir sonraki durum (D) birlikte goz online alinir.

CLK
Input — D Qr '
D
i
Qf




COUNTERS



Binary count sequence

* |f we examine a four-bit binary

count sequence from 0000 to 0000
1111, a definite pattern will be 000l
evident in the "oscillations" of g E 1 E
the bits between O and 1 -
0101

0110

(sB) 0 J1|of1loJrjof1|of1|of1]o]1]o]1 0111
1000

0 0]1 1|0 01 1|0 01 1]0 01 1 1001

1010

0 0 0 0J1 1 1 1|0 0 0 0J1 1 1 1 1011

1100

(MSB) 0 0 0 0 0 0 0 O0Of1 1 1 1 1 1 1 1 1101
1110

1111



signal B

Vg

Vdd
. J
signal &
\
- K
A

E 0|1

1

0

0

1

1

0

011 1

oj1lof1lo]1]of1]of1|o]1]

0

Pulse
detector

Cl|T |K Q Q
|00 latch latch
T|ol1 0 1
TI|1(o 1 0
I|1|1] toggle | toggle
¥ |(0|0] latch latch
x|(0|1] latch latch
®x (10| latch latch
¥ [1|1]| latch latch




A four-bit "up” counter

L
¥

Vdd Vdd Vdd Vdd
J Q J Q J Q J Q
C C G C
> e L= L=
o N N =N N R - H I M I I e
Clock _JL LI M I I I e et rmJt It
Qo g1 jof{1jof1 |02 |02 |02 (0|21 |0
J J J ] J J ]
0 O 0|12 1|0 0|1 1|0 O0O1 1|0 0|1
J ] J
Q. o o0 o O0J1 1 1 1|0 o 0 o1 1 1
|
0. o 0 0o 0 OO O O|2 1 1 1 1 1 1




=
=8

"Up" count sequence

0, 0]1lofrlofrlofrlofr]ofalofz o]

A simultaneous "up” and “"down” counter

Ql E: El
. 0, 0 0 001 11 1[00 0 0f1 1 1 1]
Vdd Vdd Vad 2
. 0 0 000000111111 1 1]
J ) J o J o -
C} ! C} ! C} "Down" count sequence
K Q K |d K a 0 1]ofr]ofr]ofrlof1lof1lo]1]lo]1]0]|
2 1 1lo of1 1]lo of1 12]lo of1 1]0 o
- _ _ _ @2 1 1 1 1]o 0 0o 01 1 1 1]0 0 o0 o]
b 1] w1l w2 et

1 1]/o0 0 0 0 0 0 0 0|

o
”
»
”
»
”
»




Synchronous Counters (contmued)

Internal details => Incrementer
Internal Logic
— XOR complements each bit

— AND chain causes complement
of a bit if all bits toward LSB
from it equal 1

Count Enable

— Forces all outputs of AND
chain to 0 to “hold” the state

Carry Out
— Added as part of incrementer

— Connect to Count Enable of
additional 4-bit counters to
form larger counters

Clock

Count enable EN -

—

E

I

(a) Loaic Diaaram-Serial Gating

L%

9

2

Carry
output CO



State Table



State Table

» State table —a multiple variable table with the following four sections:
— Present State — the values of the state variables for each allowed state.
— Input —the input combinations allowed.
— Next-state — the value of the state at time (t+1) based on the present state and the input.
— Output — the value of the output as a function of the present state and (sometimes) the input.

* From the viewpoint of a truth table:
— the inputs are Input, Present State
— and the outputs are Output, Next State




Example-1 : State Diagram

 Which type?

* Diagram gets
confusing for
large circuits

* For small circuits,
usually easier to

understand than
the state table

2022/12/5



Example-2 : Registers

Serial
input

CLK J

S

> C

S0

Serial
output

Clock Clear_b



Example-3: Durum Diyagrami

combinational
logic
Q__D
FF |

Q

D
FF

clk




Example-4 : Analysis of sequential circuits

- 1. Derive a) excitation equations, b) next state equations,

c) a state/output table, and

; Fro [
gilt T E.E}« g Z d) a state diagram
eSS
s
‘-—i:)}—nt{::j_
FF1
[ ; oQ
. :J %ﬁl o
—

CIK



2. Derive a) excitation equations, b) next state equations,

I

X

TW

Y1 C) a state/output table,

=

FFO

-

Clk—é—|

T

.

-

FF1

and d) a state diagram

3. Derive a) excitation equations, b) next state equations,

c) a state/output table,

Fm—i D_E and d) a state diagram
10 .J_.:D_J W
o -l—ﬁi

Clk &

e




Example-5




Example-6:

Durum diyagrami verilen devrenin

e Suanki ve birsonraki durumlara gore D -ikili devre sayisini bulun
* Durum Tablosunu olusturun

* Karnaugh Diyagrami ile indirgeyerek cikis denklemlerini bulun

* Devreyi cizin
* Yorumlayin



6- Durum Diyagrami




6- Su anki ve bir sonraki durumlara gore ikili devre sayisini
bulunmasi

o kili sayisi=3 adettir. Clinkii Durum diyagraminda tim durumlar O ile 7 arasinda degismektedir. Toplam

durum sayisi=8=2/3 diir.
e Su anki durumlar D-ikili devresini Q ¢ikislarinda bulunmaktadir. Bir sonraki durum ise D-ikili devresinin D

girislerinde bulunmaktir.
* Clok’un yukselen kenari ile D-ikili devresi tetiklendiginde Q-cikislari D-girislerine esit olur.



6-Durum Tablosunun olusturulmasi ve Karnaugh diyagramu
vardimiyla indirgnmesi

Q.C

su anki durum Giris Bir sonraki durum Q:Q: i, 0o 01 11 10
Q2 Ql Qo C D2 D1 DO 01 N
- . 0 0 0 0 0 11| 1 1 1)
0 0 0 L 0 0 L 10 1T | 1 1 | 1
0 0 1 0 0 0 0 52- —— |
- : - - 0 L 0 QiC
0 1 0 0 0 0 0 QQs 00 01 11 10
0 1 0 1 0 1 1 00 (1)
0 1 1 0 0 0 0 01 (1)
0 1 1 1 1 0 0 11 (1)
1 0 0 0 1 0 1 10 @
1 0 0 1 1 0 0 D1=
. ; . . : - - Q0 e 00 01 11 10
1 0 1 1 1 0 0
1 1 0 0 1 1 1 00 (1)
1 1 0 1 1 0 0 E 7 \y/
i i i i i E E 10 \1)
DO=




6-Denklemler

e D,= Q2Q1, + Qon, + Q:Q.C
e D;= QleQo’C’ + Qz’Q1Qo'C + Q2’Q1’Q0C + Qle’QoC’
e Do= Qz’Qo’C’ + Qon’C
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