Chapter 3

Number Systems and Codes
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The radix or base of a number system determines
the total number of different symbols or digits
used by that system.

through 9 being used.

Decimal
number

\3

2 1

0

6

2

10

L ox10%=2x 1= 2

6x10'=6x 10= 60
9x102=9x 100= 900

1x10%= 1 X 1000 = 1000

196249
(Sum of products)
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The decimal system has a base of 10 with the digits 0

The value of a

C
C

C

ecimal number
epends on the
Igits that make

up the number
and the place
value of each
digit.
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Binary System
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The binary system has a base of 2 and the only
allowable digits are 0 and 1.

Vofie *5 I—I_m < High (H) (1)
<« Low (L) (0)

Time

With digital circuits it Is easy to distinguish
between two voltage levels, which can be related to
the binary digits 1 and 0.

© 2011, The McGraw-Hill Companies, Inc.



Since the binary system uses only two digits,
each position of a binary number can go through
only two changes, and then a 1 is carried to the
Immediate left position.

Decimal: 0 1 2 3 4 S 6 il 8 Q 10
Binary: 0 1 10 11 100 101 110 111 1000 1001 1010

All numbering systems start at zero.
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NUMBER SYSTEMS
Decimal (base 10)
Binary (base 2)

Octal (base 8)

Hexadecimal (base 16)
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Decimal Octal Hexadecimal Binary
0O ...... o........ O.......... 0
1 ..., 1........ 1. ... .00, 1
2 ... ... 2 .. ... 2 . 10
< 3. ... 3. 11
400 I Lo 100
S5 ... 5. .. ... .. 5. . ... 101
6 ... ... 6 .. .. .... 6 .. ....... 110
7 ... 7. .. 111
8 ... ... 10 . ..... .. 8. ... .... 1000
9 ... ... L S 1001

10 . ... .. 12 .. ... ... AL ... ... 1010
L I 13........ B........ 1011
12 ... ... 14 . . ... ... C........ 1100
13 ... ... 15. . ... .. D........ 1101
14 ... ... 16 . . . ... .. E........ 1110
15 ... ... 17 . . .. ... F.o.o .o ... 1111
16 . .. ... 20 . . ... L. 10 . . ... ... 10000
17 ... ... 21 .. ... 11 .. ... 10001
18 . .. ... 22 . ... ... 12 .. ... ... 10010
19 ... ... 23 . . ... ... 13 .. ... ... 10011
20 ... ... 24 .. ... L. 14 .. ... ... 10100



Converting a binary number to a decimal number.

Binary
number

?,[554321[3
110(1{0(1T (101

TP x20=1x 1= 1
———0x2'=0 X = 0
1x22=1 X = 4
1x23=1x = 8
0x2°=0X%X 16= 0
1X2°=1x 32= 32
0x26=0X 64= O
1x2" =1 x128 =128

Decimal number — 173,
(Sum of products)
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Each digit of a binary number is known as a bit.

MSB Bit LSB
Y Y \
o|j1(1jojoj1(1jojojo|1 (11|01 1

-<— Upper byte > Lower byte ———

- 16-bit word -

Each word is capable of storing data in the form of bits.

A group of 8 bits Is a byte.

The least significant bit (LSB) represents the smallest
value and the most significant bit (MSB) represents the
largest value.
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PLC memory Is organized using bytes, single
words, or double words.

Bits
1514131211109 8 7 6 5 4 3 2 1 O

If the memory size I1s %%~
1KWOrd,|tcan ooo410{1{1|0|0|1 100011 |1T|0|1]|1

store 1024 words or  ooos
16,384 (1024 x 16) -
: : : 1018 [ T 1 T T 1 1 T T T 1777

bits of information o1s

using 16-bit words, 1020

1021

1022

Word
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Converting a decimal number to a binary number.

Decimal number

Y

47 | +2=23 with a remainderof | 1 | LSB
23 fz = 11 with a remainder of | 1
11 fz =_5 with a remainder of | 1
5 j.':": =_2 with a remainder of | 1
2 jE =_1 with a remainder of | 0

1 fz = with a remainder of | 1 | MSB

Binary number —| 101111

© 2011, The McGraw-Hill Companies, Inc.



Computer memory Is a series of binary 1s and Os.

15(14 (13|12 |11 (10| 9 | 8 | 7 |6 | 5 | 4 | 3|2 |1 0 | Address
1 1 |0 |0 |0 |O 1] 0| 1 1 1 10|00 | 1] O:
o (0 |1 1 0 |1 o000 |0]O0]1 1 1 1 | 0O:2
1 O |1 (0 |1 |1 00| 1 1 1100|001 ]| O3
O ([0 |0 (O |O |O o/o0|l0|1T|0]|]O0O|1T]0]|0)|0]| O4
1 1 1 |0 |1 |0 0| 1 1 10|01 1101 1| O5

Output status file made up of single bits grouped into
16-bit words.

One 16-bit output file word is reserved for each slot in
the chassis.

Each bit represents the ON or OFF state of one output
point.

© 2011, The McGraw-Hill Companies, Inc.



3.3

RUN
LT
GATT

—— 4
SLC 503 CPU

Rs232
{run i rem i PROG]

SLC 5105 CPU

RUN. FORCE

%3 £l
BATT.

Negative

© 2011, The McGraw-Hill Companies, Inc.

Numbers



Binary systems can
not use positive and
negative symbols to
represent the polarity
of a number.

In signed binary
numbers, the left-most
bit is the equivalent of a
+/- sign. ""0"" indicates
that the number is
positive, ""1"" Iindicates
negative.
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Signed Binary Numbers

Magnitude Decimal
Sign —| Value
e +7
o110 . .. .. ... +6
0101 ... ... .. +5
Same as 0100 . . . .. ... +4
binary —
numbers o011 .. ... . ... +3
o010 . . . . . . .. +2
0001 ... .. ... +1
— Q0000 . .. .. ... 0
1001 . . . ... .. —1
1010 . .. ... .. —2
1011 . ... .. .. -3
1100 . . .. .. .. —4
1101 . . . . . . .. —5
1110, . . . . . .. —6




Another method of expressing a negative number
IS by using the complement of a binary number.

To complement a binary number, change all the
1s to Os and all the Os to 1s. This is known as the
1’s complement form of a binary number.

Bit Pattern Decimal Value

Binary Number —— 0000 0000 0
1’s Complement —— 1111 1111 -0
0000 0001 1

1111 1110 -1

0000 0011 3

1111 1100 -3

0001 1111 31

1110 0000 -31
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2 ,S Complement Slg ned 1 ’S 2’5

IS the binary Decimal Complement Complement
number that +7 . ... ... .. o111 ... ... ... — 0111
6 0110 . . . . .. ... .. 0110
results when 45 0101 . . .o oL .. 0101
1 is added to the Ao 0100 . . . Sig;ai . 0100
1,S complement. +3 . ... ... ... 0011 . . . numbers -|. - 0011
+2 . 0010 . . . ... ... .. 0010
1o 0001 . .. ...... . . 0001
0sign bit indicates )~ SO R
a positive number. I 1101 . . o oo 1110
o 1100 . . . . ... 1101
: .. 4 1011 . . .. . 1100
1 sign b_lt Indicates 5 1010 . . . . o 1011
a negative number. -6 ........ .. 1001 . ..ol 1010
T 1000 . . . oo 1001
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Decimal Binary Octal

0 . .0 ... .0
1 . 1 1
2 . .10 2
3 . 11 . ... 3
4 . 100 . ... 4
The octal - o )
numbering Joos oo G
_ 7 . R b & R
System IS a 8 ... .1000 ....10
base 8 system .. %t
y 10 . . 1010 . .. . 12 Numbers
1 .. 1011 . .. .13
12 ... . 1100 ... . 14 — 8 and 9
13 ... . 1101 ... .15 not allowed
14 . 1110 . . . . 16
15 . A I I I I
16 . 10000 ... . 20
17 . 10001 . . . . 21
18 . 10010 . . . . 22
19 . 10011 . . . . 23
20 10100 . . . . 24
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system is used because | [ [2 [s [4
8 data b_lts make_upa ! T Y
byte of information - SR
that can be addressed. : e o0 oo
Fi T 17 27 | 37
Power Slot 0 Slot 1 Slot 2 Slot 3 Slot 4
P L C - 5 supply CPU Address Address Address Address
0-7 1017 20=-27 30-37
controllers use o _feo _Teo _Teo _
1 1 1 1
octal-based ©2  2.19%7 o319 o:l®? s
. &4 &4 &4 @4
1/0O addressing. o ®les ©les | ®|es ©°
&7 ®7 e 7 ©7
1:2/16 o— 0
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Octal Is a convenient means of handling
large binary numbers.

One octal digit can
be used to express
three binary digits.

Binary Octal
oo .. ... L., 0
001 .. ... ... 1
010 .. ...... 2
o111 ........ 3
100 . . . ... .. 4
101 .. ... ... 5
110 . . . .. ... (4]

L I [
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4 16| 2
r g

Octal .
e — 2X8"'=2x 1= 2

6x8 =6x B= 48

4% 8% =4x64=256

Decimal number — 306,

(Sum of products)

Converting an octal number
to a decimal number.



Octal converts easily to binary equivalents.

Octal
number 4 6 -
) l X
1|00 1| 1|0 0| 1| 0 |=~—Binary
number

The octal number 462 is converted to Its binary
equivalent by assembling the 3-bit groups.
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Hexadecimal
System
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The hexadecimal (hex) system is a base 16 system.

Hexadecimal Binary Decimal

0. .0000...........0

1. 0001, ... ... ...

2. 0010, .. ... ... 2

3. 0011, ... ... ....3

4. .0100. . .........4

5. 0101, .. ... .....5

6. 0110, .. ... .....6

Letters A to ; ?;;;;
F are used 0. 1001, .0
to repregent A. .1010. . ... .. ... 10
deci ! B. B [0 s I B
ecima C. .1100. . .. ... ... 12
numbers D. M0 13
E. 1110, .. ..o o0 14

10 to 15. F. A B & TR [
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The hex numbering system is used in PLCs
because a word of data consists of 16 data bits.

Converting hexadecimal to decimal.

1 (B |7

o
Hex

number

L 7x16%= 7Tx 1= 7

11x16' =11x 16 = 176

1x16° = 1x 256 = 256

Decimal number —— 439,

(Sum of products)

Hexadecimal digits in the columns are multiplied by the
base 16 weight, depending on digit significance.
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Converting decimal to hexadecimal.

Hex number—|1 [B | 7

-'.-...

_‘_Einary
number

o(ojo(t1f(1jof1j1(0|1|1|1

Conversion Is accomplished by writing the 4-bit
binary equivalent of the hex digit for each position.
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The blnary Decimal  Binary BCD Hexadecimal

: 0 0 0000. ....... 0
coded decimal 1 .1 ... 0001, ... 1
o .. .....10 ........0010........ o

(BCD) system 3 oot 3
. 4 ... ... 100 ... .....0100........ 4
USGS4b|tStO 5 ... ..., 101 ... .....0101........ 5
represent each 6 ... .. .. 110 . .. . ... .0110. . .. .. .. 6
_ e 7 111 ... .. ... 011, ... 7
deC|ma| d|g|t. 8 ... ... 1000 ... .....1000........ 8
9 ...... 1001 ... .....1001........ 9

10 ...... 1010 ... ..00010000. .. ... .. A

i ... 1011 ... ..00010001 ... ..... B

The 4 bits used 12 ... ... 1100 ... ..00010010. . ...... C
are the binary 13 ... ... 1101 ... . .00010011 .. ... ... D
_ 14 ...... 1110 ... ..00010100. .. ... .. E
eqUIvaIents of the 15 ... ... 1111 ... ..00010101........ F
16 ..... 10000 ... ..00010110........ 10

numbers from 17 ... .. 10001 ... ..00010111. ... ... 11
0to 9. 18 . .. .. 10010 ... ..00011000. . ... ... 12
19 ... .. 10011 ... ..00011001. ... ... . 13

20 ... .. 10100 ... ..00100000. . ...... 14
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The BCD representation of a decimal number Is obtained
by replacing each decimal digit by its BCD equivalent.

Decimal number—| 7 | 8 | 6

BCD __lo|1|1|1]||1]o0|lo|lo]||o0o|1]1]o0 BCD
number

4 bits used for
each decimal digit
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To distinguish the BCD numbering system from
a binary system, a BCD designation is placed to
the right of the units digit.

Decimal 49,, expressed is binary is 110001,

Decimal 49,, expressed in BCD is 010010015,
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A thumbwheel switch Is an input device that

makes use of the BCD numbering system.

The input module
attached to the
thumbwheel has one
connection for each
bit’s weighted value.

Selected digit of
decimal 8 outputs the
equivalent 4 bits of
BCD data — 10005p

© 2011, The McGraw-Hill Companies, Inc.

Crem da ha =

1s Input =0

[

2s lnput =0

4s Input =0

8s Input = 1

eooe0oo® DOOO

OO0 ® DonoE




Single Digit Thumbwheel Switch Simulation

Decimal Settings
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’

=t [nput Table rz]
151413121110 3 8 7 B & 4 3 2 1 0 =

|34 O 0 O 0O 0O O 0 @ 0O 0 O 0 @ 0 0 0

|4/

|5 O 0O O 0O O 0O 0 @ 0 0 0 0 @ o a0 0

|6/

|. 7/ -

Radi JEinar_-,- - Table: J hl Forces | %|

Addrezs J

Syrmbial J

Binary Input

.




Double Digit Thumbwheel Switch Simulation

=4 [npot Table

1514131211109 8 7 6 6B 4 3 2 1 0 =~
I3 O O 0 O 0O O O 0O 0 o 0 0 o0 o a0
-4/
I:5/ O 0 0O O 0 0 O 0 0O 0O 0 0O 0O 0 0 0
|-/

I:W_:‘
R adix: |Elir'|ar_l,l j T able: |1Z |t ""'l Forces | %|

Address | Symbal |

Decimal Settings Binary Input
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PLCs contain number conversion functions.

Thumbwheel or

Decimal
other input PLC readout
6] 9] .| BCD Binary

Y

P
o —>-| Processor (| to BCD
Input Output

module module
Input A -TOD
‘ 1L To BCD
JL Source N7:23
Destination 0:20

Convert-to-BCD instruction

The Convert-to-BCD Iinstruction will convert the binary
bit pattern at the source address, N7:23, into a BCD

bit pattern of the same decimal value and store it at the
destination address, O:20.

© 2011, The McGraw-Hill Companies, Inc.



Many PLCs allow you to change the format of
the data that the data monitor displays.

114131211103 8 7 B &5 4 3 2 1 0 :fJ

a:0¢
a1/
02/ o o o o0 o oo 1 o1 ol 1 o ol
0.3/

0.4/ o o0 0 0 0 0O 0O 0O 0 0 0 0 0O o0 00

0.5/ j
R adis; |m ~r| T able: |EIEI: Output j Forces | %|

Address Eh:tal

Diecimal
Hex-BCD

The change radix function found on Allen-Bradley
controllers allows you to change the display format of
data to binary, octal, decimal, or hexadecimal.
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Change Radix Function Simulation

=% Output lable

T able: IDU: Output ;I Forces | %l

Addrezs | S bl |

Decimal Binary Octal Hexadecimal

10 1010 12 A
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The Gray code Is set up so that as we progress
from one number to the next, only one bit changes.

.. Gray Code Bina
Each position does not ’ ~
o ] 0000 .......... 0000

have a definite weight. 0001 . . ..o\ 0001
This Can be quite oo11 . ... ... ... 0010
) ) o010 . . . . ... ... 0011
confusing for counting o110 . 0100
circuits, but it is ideal O 0101
. . o101 . . .. ... ... 0110

for encoder circuits. 000 -
: 1100 . . .. ... ... 1000

1101 . . . . . . . . .. 1001

1111 . ... ... ... 1010

1110 . . . . . .. . .. 1011

1010 . . . . ... ... 1100

1011 . . . . ... ... 1101

1001 . . .. ... ... 1110

1000 . . . . ... ... 1111
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Gray codes are used
with position encoders
for accurate control of
the motion of robots,
machine tools, and
servomechanisms.

Since only one bit changes at a time, the Gray code Is
considered to be an error-minimizing code.
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Optical encoder disk that uses a 4-bit Gray code.

0111 p101
0110 0100
SR

\ 4 1100
0010 < g
1101
0011 — rd

<1110

| 1010
The encoder disk Is attached to a rotating shaft and

outputs a digital Gray code signal that Is used to
determine the position of the shaft.
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ASCII stands for American Standard Code for
Information Interchange.

Partial Listing of ASCIl Code

Character 7-Bit ASCII Character 7-Bit ASCII
A . . 100 0001 X ... .. 101 1000
B . . 100 0010 Y ... 101 1001
- C . . 100 0011 Z ..... 101 1010
It IS an D . . 100 0100 0 ..... 011 0000
alphanumeric E . . 100 0101 1 ... .. 011 0001
_ F . . 100 0110 2 . ... . 011 0010
COde because It G . . 100 0111 3 ... .. 011 0011
- H . . 100 1000 4 ... .. 011 0100
Includes letters as o 00 100t s
We” aS numbersl J . . 100 1010 6 ... .. 011 0110
K . . 100 1011 7 ... .. 011 0111
L . . 100 1100 8 .. ... 011 1000
M . . 100 1101 9 ..... 011 1001
N . . 100 1110 blank . . . . 010 0000
0 . . 100 1111 e 010 1110
P . . 101 0000 . 010 1100
Q . . 101 0001 4 ... 010 1011
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The keystrokes on the keyboard of a computer are
converted directly into ASCII for processing by
the computer.

The communication
Interfacing Is done
through either an
RS-232 or RS-422
protocol.

ASCII input modules convert ASCII code input
Information from an external device to alphanumeric
Information that the PLC can process.

© 2011, The McGraw-Hill Companies, Inc.



3.9

© 2011, The McGraw-Hill Companies, Inc.

5LC 5105 CF

RUN FORCE

ENET




Some PLC communication systems use a binary
bit to check the accuracy of data transmission.

Word When data are transferred
Data between PLCs, one of the
— binary digits may be
‘10011001 | accidentally changed from
altoad.

A parity bit is used to detect errors that may occur
while a word Is moved.
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Parity Is a system in which each character
transmitted contains one additional parity bit.

The parlty blt may be d O Character PaEEnBit PaﬁfydBit
or 1, depending on the 0000 . . . .. 0. ..... 1
number of 1sand Os in o010
the character itself. 0011 . . . . . 0. ... L
0100 . . . .. 1...... 0
. 0101 . . . .. o0...... 1
Odd parity means that the_ oo o 1
total number of binary 1 bits 111 [ 0
in the character, including the oo, .

parity bit, is odd.

Even parity means that the number of binary 1 bits In
the character, including the parity bit, is even.
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Binary Arithmetic
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When adding with binary numbers, there are
only four conditions that can occur:

0 1 0 l

0 40+ 4l
0 I I 0 carry I
Decimal Equivalent binary

5 101
+2 + 10
7 111
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0 1 0 1
+0 40 +1 1

0 1 | 0 carry |

Equivalent binary

carry

Decimal 1
10 1010
+ 3 + |1
13 1101
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0 1 0 |
+0 +0 +1 +1
0 1 | 0 carry |

Equivalent binary

Decimal carry carry

Al

1|1
26 [ (1010
+12 + 1100
38 [ 00110
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To subtract from larger binary numbers, subtract
column by column, borrowing from the adjacent
column when necessary. When borrowing from

the adjacent column, there are now two digits, I.e., 0
borrow 1 gives 10.

EXAMPLE |_

Subtract 1001 from 1101.

1101
—1001
0100

Subtract 0111 from 1011.

1011
—0111
0100
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Binary numbers can also be negative. The procedure

for this calculation is identical to that of decimal numbers
because the smaller value is subtracted from the larger
value and a negative sign is placed in front of the resulit.

EXAMPLE _

Subtract 111 from 100.

111
—100
—011

Subtract 11011 from 10111.

11011
—10111
—00100
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There are other methods available for doing subtraction:
I’s complement and 2’s complement.

Using the 1’s complement

Decimal Binary
10 1010 1010
. [’s complement _
— 6 —0110 100
4 100 10011
End-around carry L} 4

100

When there is a carry at the end of the result, the result
IS positive. When there iIs no carry, then the result is
negative and a minus sign has to be placed in front of It.
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When there is a carry at the end of the result, the result
IS positive. When there is no carry, then the result is
negative and a minus sign has to be placed in front of it.

EXAMPLE _

Subtract 11011 from O1101.

01101
+ @ 00100 The 1’s complement

10001  There 1s no carry,
so we take the 1’s
complement and add
the minus sign:

—0I1110
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For subtraction using the 2’s complement, the 2’s
complement is added instead of subtracting the
numbers. In the result, if the carry isa 1, then the
result is positive; if the carry is a 0, then the result is
negative and requires a minus sign.

EXAMPLE |_

Subtract 101 from 111.

111
+ @011 The 2’s complement

1010  The first 1 indicates that
the result 1s positive, so it
1s disregarded:

010
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EXAMPLE -

Subtract 11011 from 01101.

01101
+ & 00101 The 2's complement
10010 There is no carry, so
the result is negative;
therefore a 1 has to be
subtracted and the 1’s
complement taken to
give the result:
subtract 1 10010 — 1 = 10001
1's complement —01110

© 2011, The McGraw-Hill Companies, Inc.



When multiplying binary 0X0=0
numbers, there are only O0X1=0
four conditions that can 1 X0=0

OCCUr. [ X1 =1
Decimal Equivalent binary
S 101
X6 X110
30 000
101

101
11110
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The process for dividing one binary number by
another is the same for both binary and decimal
numbers.

Decimal Equivalent binary
7 111
2)14 10)1110
10
11
10

10
10

00
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PLC data comparison instructions are used to
compare the data stored in two words.

A = B (A equals B)
A > B (A 1s greater than B)
A < B (A 1s less than B)

At times, devices may need to
be controlled when they are less than, equal to, or
greater than other data values or set points.
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