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BROJEVI, KODOVI | ARITMETIKA

Decimalni i binarni ekvivalenti Powers of 10 w' 0 ' w

Place value HIUETS 1005 s Is

Decimal 1 3 2 7

Decimal 1000 + 300 + 20 + 7 = 1327

{a) Place values in a decimal number
Powers of 2 .o » 2! b
Place value Hs 4s 2s Is
MSH /_,.-——I_‘GH
Binary ™~, 0 0 1
Decimal 8 + o + 0 + 1 9
(k) Place values in a binary number

Decimal Binary Decimal Binary

s s Hs ds 25 Is s 1s Hs s 25 1s
0 0 8 1 0 0 0
1 1 9 1 0 0 1
2 1 0 1 0 1 0 1 0
3 1 1 1 1 1 0 1 1
4 | 0 0 1 2 1 1 0 0
5 1 0 1 1 3 1 1 a 1
[ 1 1 0 1 4 1 1 1 (i}
7 1 1 ] | 5 1 1 1 1




Powers of 2 7 2 > ro > 2 2 r.d
Place value 128s s 32s 16s Bs 4s 2s 1s
Binary 1 0 1 1 1] 1 1
Decimal 128 + 2+ 16 + 4 + 2 182
(a) Binary-to-decimal conversion
10110110 = 1824
(h) Subscripts designate the base of the number
Potencije broja 2
15510 =2 = 77 remainder of 1 —=2
T7+2=38 fer of 1
B2=19r fer of 0
19-2= 9 der of 1
9+2= 4 der of 1 1
¢ .
4+2= 2 der of 0
—
2+2= 1 remainder of 0
¢ - MSBE
1+2= 0 remainder of | ———
1550 = 1 0 0 1 1 0 1 I
Primjer pretvorbe DEC -> BIN
DEC, HEX i BIN sustavi Binary
Decimal Hexadecimal 8s 4s 25 Is
0 0 L] 0 (i} 1]
1 1 0 0 0 1
2 2 ] L] 1 0
3 3 0 0 1 1
4 4 0 1 0 0
5 5 0 1 0 1
6 6 0 1 1 0
7 7 0 1 1 1
8 8 1 0 0 0
9 9 1 0 1] 1
10 A 1 0 1 0
11 B 1 0 1 1
12 C 1 1 i] 0
13 D 1 1 0 1
14 E 1 1 1 ]
S 15 F 1 1 1 1
Primjeri pretvorbe
4-bit group 4-bit group Hexadecimal 7 F
. —_— —— l l
Binary 3411 1010
! 1 . ’ =
Hexadecimal 3 A Binary o1 nn 8

(a) Binary-to-hexadecimal conversion

(b) Hexadecimal-to-binary conversion




Powers of 16 16* 16 16' 16°

Place value 4096s 256s 16s 1s
Hexadecimal 2 C 6
! ) ) ]
4096 256 16 1
x2 x12 _><_(1 ﬁ
Decimal 8192 + 3072 + 96 + 14 = 11,3744

(a) Hexadecimal-to-decimal conversion

LSD

15,7975 < 16 = 987 remainder of 59 = 55

¥ .
987+ 16= 61 remainder of 11;,= By
(;)1 +=16= 3 remainder of 13,5 =Dy
13 MSD
3+16=0remainder of 3;p=3,, —
3 D B 516

15,7970 =

(b) Decimal-to-hexadecimal conversion

Primjeri pretvorbe 9
BCD
Decimal 8s 4s 2s Is
Decimal 3 6 9 1
l i i
0 0 0 0 0 BCD 0011 0110 1001 0001
1 0 0 0 1 (b) Decimal-to-BCD conversion
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0 BCD 1000 0000 0111 0010
5 o 1 0 1 TS
- Decimal 8 ] 7 2
6 0 1 ! 0 (c) BCD-to-decimal conversion
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1

(a) The 8421 BCD code

8421 kod i primjeri pretvorbe 10




Carries

=" Carry in from
q next less 11 (n}
Augend 0 0 Epuificank plece Augend 00111011 59
Addend +0 l + I +1 Addend + 00101010 + 42
Sum i Sum 01100101, 101y
Caﬂy out 1o Carry out
next more
significant place
(a) Rules for binary addition (k) Binary addition problem
Binarno zbrajanje
‘}a 10 10 .
;-‘litl;lue:d , 0 1 1 ro 0¥ TF0 101 8’5
ubtrahen -0 -1 -0 -1 _ _
Differenos 6 - -0 -1 00111001 57
0 0 1 1 00011100, 2 B
(a) Rules for binary subtraction (b) Binary subtraction problem
Binarno oduzimanje 1
Multiplicand 0 1 0 1 Multiplicand 1101 13
Multiplier * () %0 * 1 * 1 Multiplier x 101 x5
Product o o0 o 1 First partial product 1101 651
Second partial product 0000
Third partial product 1101
Final product 1000001,
(a) Rules for binary multiplication {b) Binary multiplication problem
Binarno mnozenje
7 65 4 3210
1285 6ds 325 16s 8 45 25 1s  Binary place values
(a) Labeling storage locations in an 8-bit register
76 543210 7 6 5 4 3 2 0
DEREEEER l'IHlHH
(+) 645 325 16s Bs 45 2 5 i “—-—v-—_f
o s 25 Is  Binary place values sign bit P—
Sign bit p_crnenl
b) P . 3 . . notation
( ‘Oﬁll‘i\fe I‘lum!:icrsl identified by a 0 in the (c) Negative numbers identified by a 1 in the
sign bit location in the register sign bit location in the register

Brojevi s predznakom 12




Brojevi s predznakom Representation of
i njihovi binarni ekvivalenti Decimal | signed numbers
+127 0111 1111 Pasitive numbers
- : represented
+8 0000 1000 the same as in
+7 0000 0111 straight binary
+6 0000 0110
+5 0000 0101
+4 0000 0100
+3 0000 0011
+2 0000 0010
+1 0000 0001
+0 (000 OO0
-1 i 1 Negative numbers
-2 e 1o represented in 2s
=3 111 1101 complement form
-4 1111 1100
-5 1111 1011
—6 1111 1010
=7 I 101
-8 1111 1000
-128 1000 0000
13
Decimal 9 Write decimal
l Convert to binary
Binary Q0001001
1 Complement each bit
Is complement 11110110
+ 1 Add +1
2s complement 00T = -9
(a) Forming the 2s complement of a negative number
2s complement 11110000 Write 2s complement
1 Complement each bit
1s complement 00001111
+ 1 Add +1
Binary 00010000 = 16
(b) Finding the decimal equivalent for a 2s complement number
14

Pronalazenje decimalnog ekvivalenta za dvojni komplement broja




Augend (+5) 00000101
Addend +(+3) + 00000011
Sum (+8) 00001000

(a) 2s complement addition problem

Augend =7 00000111
Addend +(-3) + 11111101
Sum (+4) (_I AO0000 100
Dascard
overflow

(b) 2s complement addition problem

Augend (+3) 00000011

Addend  t(=8) + 11111000
Sum (-3) 11111011

{¢) 2s complement addition problem

Augend (-2) 11111110
Addend +(—5) + 11111011
Sum (=7 (11111001
et
Diiscard
overflow

(d) 2s complement addition problem

Aritmetika dvojnog komplementa - zbrajanje

15

Minuend (+8) 00001000
Subtrahend _(+5)=n()()00101zc°"$> + 11111011
Difference (+3) 3 {’i;{]()(]()(}m]
Discard
overflow

(a) 2s complement subtraction problem using addition

Minuend (+2)
Subtrahend — (+6) = 00000110
Difference (—4)

00000010

— Comerto L 11111010
Ascomplement 11111100

(b) 2s complement subtraction problem using addition

Aritmetika dvojnog komplementa — oduzimanje pomoéu zbrajanja

16




I“'- ang :
Address bus TITIIT
;:55_ ) ss | Contents Data bus
control lines _bliﬁﬂlm i 1101 1011
01100101 | 00000001
01100110 | 00110110
S 01100111 1100 1000 -
__.”.l}'llﬁ.lﬂﬂo:'. 1101 0011
1 onio1001 | o000 1010
{a) Typical binary memory contents in a microcomputer
Sadrzaj i interpretiranje sadrzaja memorije 17

Memory location

_(in decimal)

100
101
102
103

105

200

1101 1011

0000 0001

00110111

1100 1000

1101 0011

REEEE

0000 1010

L

0100 0001

Memory

Microprocessor's interpretation
of memory words

—— Code for INPUT data instruction
—— Binary code for port | address
—— Code for MOVE data instruction
=t Binary code for memory address
—1— Code for OUTPUT data instruction

—+— Binary code for port 10 address

— ASCII code for the letter A

(b) The microprocessor's interpretations of the contents of memory

Sadrzaj i interpretiranje sadrzaja memorije

18




Dio liste ASCII Character ASCII Character ASCIT
skupa znakova
Space 010 D000 A 10 D001
! 010 0001 B 100 0010
- 010 0010 C 100 (011
# 010 0011 D 100 0100
% 010 0100 E 100 0101
Yo 010 01 F 100 0110
& 01 0110 G 100 o111
' o1 0111 H 100 100K
{ 010 1000 1 100 1001
) 010 1001 1 100 1010
- 010 1010 K 100 1011
-+ 01 1011 L 100 1100
' 010 1100 M 100 1101
- 01 1101 N 10 1110
. 01 1110 8] 1000 1111
! 01 1111 P 101 D000
1) 011 (000 Q 101 D001
1 011 0001 R 101 0010
2 011 0010 s 11 0011
3 011 0011 T 101 0100
4 011 0100 U 101 0101
5 011 01 v 101 0110
6 o 0110 w 101 0111
7 a1 ornn X 101 1000
8 011 1000 Y 101 1001
9 01 1001 Z 101 1010 19
OSNOVNI DIGITALNI SKLOPOQOVI
or . . Logic function Lagic gate symbol Truth 1able ::.::I:::‘.n
Logicki sklopovi,
funkcije i Inpun | Outpur
i i . A A A A=A
tablice stanja tverter B . - |
1 a
AND R Tnputs Cutputs AE-y
3:13— ¥ B A | AND NaND
Inputs Output [ o 1
A 0 1 ] 1
NAND n" : 'I' 'I' :' ATH=y
or P Inputs Outputs AtE=¥
B:D_ ¥ B A | OR NOR
Inputs Outpus o 0 | o [
A ~ o 1 1 o
NOR 9 ! ‘I ': : :: AF¥B=Y
Fxclusive OR ) Inputs Cutputs ADE=Y
. :D_ ¥ B A | XOR XNOR
Imputs. Outpat g ‘: l: rI.
Exclusive NOR :m— : ? "' :‘ ABB=-Y
20

10



Input Output

Problem invertora ofp1jo}a —
. a f
d ¢ b a
Inputs Output
Problem EX-ILI vrata _Lr—l__l_...
AND 1 9
(a) AND-gate problem

Inputs Output

_l_l_l_—1_. A
(b) OR-gate problem

Inputs Output
A

Y

(¢) XOR-gate problem

Inputs Output Inputs Output Kombinirani
D C B A Y D ¢ B A Y logicki .
sklopovi
0 0 0 0 0 0 0 il i
0 0 il 1 0 0 0 1 i
[ 1 0 0 0 1 i 1 <D-C-B-A=Y

{a) Converting truth table 1o equivalent Boolean expression

cCsBsAd=Y
5 Y
B _ _
c D«C+B- A
r D
A Dc il
Inputs Output
B | L (¢) Simplified logic-symbol diagram
} } !
c L2 [
D Output
Inputs
P 22

(b) Converting Boolean expression to logic-symbol diagram

11



Inputs Output Inputs Output Pretvorba
D Cc B A v D © B A v tablice stanja u
minterme
0 0 0 0 0 1 0 0 0 1 —-D-C-B-A
[t} 0 (1] 1 [ 1 1) 1] 1 0
0 0 1 0 0 1 0 1 0 0
0o 0 1 1 0 101 1 0 or
0 1 0 0 0 1 1 0 0 0
1] 1 0 1 0 1 1 0 1 1 —-D-C-B-A
0 1 1 0 0 1 1 1 0 0
0 1 1 1 0 1 1 1 1 0
(a) Converting truth table to equivalent minterm Boolean expression
Inputs
A S — Pretvorba
B Dc Do D«C«B+A . R
c Output mintermi
D

D+C+B+A

u shemu sklopa

(h) Converting minterm Boolean expression into a logic-symbaol diagram

D bistabil

Inputs Outputs
Data ——{ D Q Normal
FF
Clock > CK
4] Complememary

{a) Logic symbol for D flip-flop

4-bitni bistabil

Inputs

Parallel
data

Enable

Outputs

Parallel
data

{a) Logic symbol for 4-bit transparent latch

Inputs Outputs

Mode of
aperation | D K o 0

Hold x Mo clock | Same as

pulse before
0= LOW
1 = HIGH
X = irrelevan
T = LOW-10-HIGH transition of the clock pulse

{b)  Mode-truth table for [} Mip-flop

Inputs Output
Mode of
operation e E Q
0 ! o
Data enabled
1 1 1
Same as
X 0
Data latched before

0= LOW
I = HIGH
X = irrelevant

(b) Mode-truth table for latch

12



JK bistabil
Inputs Outputs
Mode of
operation J K CK Q Q
Inputs QOutputs o X
pposite
Toggle 1 1 ! <tate
Data —— f Qp—— Normal
Fr Set ilo | 1] o
Clock —O> CK
_ Reset 0 1 l 0 1
Data K Q Complementary
Hold 0 0 | No change
0= LOW
1 = HIGH
| = HIGH-1o-LOW transition of the clock pulse
{a) Logic symbol for JK flip-flop (b) Mode-truth table for JK fip-flop

25
KODERI, DEKODERI | 7-SEGMENTNI POKAZIVACI
Input Ot put
B 5 Cemtral
Encoder processing Decoder |—
El E unit
Kevboard Decimal
display
{a) Simplified block diagram of calculator circuit
Keyboard Decimal X
i input BCD Output
LY E L 4
®»® ® O
D
7 Decimal-t0-BCD c
priority
encoder B
A
(h) Logic diagram of keyboard-encoder circuits 26

13



BCD Input Decimal output

Active a
a p——"AN—O a
8 Active b —
00— D b DA——’\.MPO +5V
ctive ¢
12e co—wn— [/, I
2 d
1= g dp—AW—a
Is € Common anode
1— 4 e p—"AN—O ¢ o
BCD-to-T-segment f o AAN O d
decoder N
o—ANNO
150 @
Seven-segment LED display
{c)  Logic diagram of decoder-display circuits
27
Three-%tate ) Inputs Output
sabirni¢ki spremnik Made of
Inputs Output aoperation | F A Y
0 0 0
ik Enabled
0 1 1
Enable
1 0 High impedance
Disabled (output voltage
1 1 floats)
(a) Logic symbol for three-state (b} Mode-truth table for three-state bus buffer
bus buffer
Three-state
sabirnicki sklop
fr—
Controls -
DIR Control inputs
Enable Direction Operation
G DIR
A B L L B data to A bus
data ' data L H A data to B bus
H X Isolation (high  Z)

H= HIGH logic level
L = LOW logic level
X = irrelevent

(a) Logic diagram for three-state bus transceiver  (b) Mode-truth table for three-state bus transceiver




Address Bit

Bit C

Bit B

Bit A

Word 01

Word 1

Word 2

Waord 3

Word 4

Word 5

Word 6

Word 7

Word &

Word 9

Word 10

Word 11

Word 12 0

Word 13

Word 14

Word 15

16x4 RAM

Inputs

Outputs

0—Dy

11—
Data inputs

[\'—'"le
Read
|{Mﬂm:ll ¢ enable

Memory disable

16 = 4 bit
RAM

Ay A, A A

o 2

2

b
b
b—
b—

o

Address
0 2

(k) Logic symbol for a 16 4 bit RAM

Data outputs
(inverted)

Control
inputs Outputs
s | WE a
Write 0 0 Logical 1 state
Read ] 1 Complement of data
stored in memory
Hold 1 X Logical 1 state

X = irrelevant

(e} Mode-truth table for 6d-bit RAM
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