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Student Materials for Module 2:
Number Conversion

Lesson Objective
By the end of this session, students should be able to:

Covert numbers to and from Binary
Convert numbers to and from Decimal.

Convert numbers to and from hexidecimal
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Introduction:

When working with PLCs and computers having a basic understanding of decimal,
binary and hexadecimal number formats is extremely useful. Working with Ethernet
conversion between number formats makes addressing easier to understand. Different
types and / or versions of addressing use different formats.

Since Ethernet addressing is native to computers, converting standard notations, such as
dotted decimal, to binary makes Network IDs and Host_IDs easier to construct.

Version 6 IP addressing and MAC addressing use hexadecimal notation.

Decimal Numbers:

Decimal or Base 10 numbers is the number representation we are most familiar with.
There are ten characters to represent decimal numbers (0-9).

Decimal are represented by multiplying placeholder values to increasing powers of ten
moving from right to left in the value.

Example:

123

| | |__3x10°=3

|| |__2x10'=20
| 1x10?°=100

123
Note: Any number to the power of zero is equal to one.

Viewing decimal numbers in ControlLogix tags:

Scope: I B1 1_|:Dmpare_lab2[nj Show: ISHDW Al x| sor I TagMame — * I
Tag Mame 2 | Walue €| F*+|5Shile Type
[+]-comp_warl 5000 Decimal DINT
[F]-zomp_war2 Z#0000_0000_0000_0000_0011_10l0... Binary CIMT
[+]-comp_war3 le#0000_1£40 Hex DIMT
[+]-comp_ward 13000 Decimal DINT

Figure 1-A

With the Style column set to Decimal, the number in the VValue column represents a
decimal value.
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Viewing decimal numbers in RSLogix 5/500 software:

i—3File B3 (dec)

[B3:0 | HadiH;IDecimal vI
S_l,lml:u:ul:| | En:nlumns:lm vI

Desc: | |

IBE :II Erupertiesl Uzage | Help |

Figure 2-A

With Radix window set to Decimal values in the Data Files appear as Decimal.

Binary Numbers:

Binary or Base 2 numbers is the number representation native to computers and PLCs.
There are two characters to represent binary numbers (0-1).

Binary numbers are represented by multiplying placeholder values to increasing powers
of two moving from right to left in the value.

Example:

Note: Any number to the power of zero is equal to one.

Viewing binary numbers in ControlLogix tags:
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Scope: I E1 1_|:Dmpare_lab2[nj Show: ISHDW Al | s I TagMame = I
Tag Mame 2 | Walue €| F*+|5Shile Type
[+]-comp_warl 5000 Decimal DINT
[F-comp_war2 2#0000_0000_0000_0000_0011_1010... Binary CIMT
[+]-comp_war3 le#0000_1£40 Hex DIMNT
[+]-comp_ward 13000 Decimal DINT
Figure 3-A

With the Style column set to Binary, the number in the Value represents a binary value.
The notation of 2# also means the value is a binary number format

Viewing binary numbers in RSLogix 5/500 software:

14 13 12 11 10
A
B30
Symbal; | | 5""'
Desc: | Drecimal
= . Hex/BCD
|E3 :ll Properties | Uszage | ASTI

Figure 4-A
With Radix window set to Binary, values in the Data Files appear as Binary values.

Hexadecimal Numbers:

Hexadecimal (Hex) or Base 16 numbers is the number representation used as a short-cut
for binary numbers. Each Hex character takes the place of four binary characters.

There are sixteen characters to represent binary numbers (0-F).
0-9 same as decimal

A=10

B=11

C=12

D=13
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E=14
F=15

Hex numbers are represented by multiplying placeholder values to increasing powers of
sixteen moving from right to left in the value.

Example:

1F
| | 15x16° =15
| 1x 16! = 16

31

Note: Any number to the power of zero is equal to one.

Viewing binary numbers in ControlLogix tags:

Scope: I B1 1_|:Dmpare_lab2[nj Show: ISHDW Al x| sor I TagMame — * I
Tag Mame 2 | Walue €| F*+|5Shile Type
[+]-comp_warl 5000 Decimal DINT
[F-comp_war2 2#0000_0000_0000_0000_0011_1010... Binary CIMT
[+]-comp_war3 le#0000_1£40 Hex DIMNT
[+]-comp_ward 13000 Decimal DIMT
Figure 5-A

With the Style column set to Hex, the number in the Value column represents a
hexadecimal value.
The notation of 16# also means the value is a hexadecimal number format

Viewing hexadecimal numbers in RSLogix 5/500 software:
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[B2:0 | Hadi”;lHew’EED vI
S_I,Imbcul:| | Eu:ulumns:l‘ll] TI

Desc: | |
IBE j Propertiez | Uszage | Help |
L T T T

Figure 6-A

With Radix Selection Bbox set to Hex/BCD values in the Data Files appear in a Hex
format.

Using Windows Calculator Windows XP OS:

The Windows calculator program can easily convert between binary, decimal and Hex..
Open Calculator program: Start>Program>Accessories>Calculator

Fﬁ Arcessoties » -@ Arccessibility 3
@ Dell Accessories J @ Carnrnunications }
' ) Dell Moder-On-Hold ¥ 7] Entertainment 3
. @ Dell Picture Studio » @ Microsaft Inkerackive Training  »
) Dell QuickSet ¥ [T System Toals 3
[ Games b ) address Book
-@ Inkeryideo WinDYD A B caloylator I

Figure 7-A
Change the calculator to Scientific mode:
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i
Edit | view Help

I & Standard
I_ Digit grouping

MC 7 g 3 ! sk

MR 4 ] G ¢ A

M5 1 2 3 - 14u
b+ 0 +/- . + =
Figure 8-A
Convert values by choosing the proper radio button for the required number format.
1
Edit Wiew Help
| 0
‘r‘ Hex @ Dec ¢ Oct ¢ Bin || Degess ¢ Radans ( Grads |
‘I‘ Inv T Hyp ‘ I_ I_ Backspace |  CE | C |
Sta F-E | [ | | | MI:| 7 | g g | / | Mod | énd
Ave dms | Exp In MR 4 ] 5 : Or o
Sum zin wy log b5 1 2 3 - Lzh kot
3 Ciog 23 il b+ 0 +4- . + = It
Dat tan w2 14 pi A B C D E F
Figure 9-A

Enter number using keypad:
Number represents a Decimal value since the Dec radio button is selected.
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211
Edit Miew Help
| 15,
" Hex (* I:r}\ec Ot Bin {* Degees ' Fadians £ Grads
lage
™ Inw ™ Hyp I I Backzpace CE | C
Sta F-E [ ] L 7 a 3 / bod | And
Aye dmz | Exp I kA 4 5 G * Or war
Sum zin w7y log b5 1 2 3 - Lsh | Mat
g coz | W3 nl b+ 1] +i- . + = It
Cat kan w2 1% pi & B C 1] E F
mrm I I | - I
Figure 10-A

To convert to Hexadecimal choose the Hex radio button.

i
Edit Wiew Help
| F
d%—le:-c C Dec  Oct  Bin @ Qword © Dword © word O Byte
I~ Inw I~ Hep I I Backspace CE | C
Sta F-E [ ] M v a 3 / Mod | And
Bye drmiz Exp In kAF 4 ] G * Or Har
Sum zin %y log kS 1 2 3 - Lsh | Mot
2 coz | %73 rl b+ 0 +- : + = Irit
Cat kan w2 1% pi & B C ] E F
) " Figure 11-A

Convert to binary by choosing the Bin radio button.
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E Calculator i ]

. Edit Wiew Help
I 1111
" Hex & Dec © Oct © Bin & Qword © Dword € waord O Byte
[ e [ Hyp Backspace CE | C
Sta F-E [ ] MC ¥ g | 4 Mod | And
By dmz | Ewxp I kR 4 5 = * Or Far
Sum 2k %y log M5 1 2 3 - Lzh | Mot
5 coz | =73 nl bl + 0 +- : + = Int
Cat bar w2 1% pi & B C D E F
Figure 12-A

15 decimal = F hex = 1111 binary

Using Windows Calculator Windows 7 OS:

The Windows calculator program can easily convert between binary, decimal and Hex..
Open Calculator program: Start> All Program>Accessories>Calculator

4
-

I &

WinZip
XPS Viewer
Accessories

el Calculator

1] Commanli@rompt Documents s
@2 Connect{ Performs basic arithmetic tasks with an on-screen calculator.
B Connect to a Projector $ACRIES

=1 Getting Started
4 Math Input Panel

{—‘ Music

Figure 13-A
Calculator Utility — Windows 7

Change the calculator View to Programmer and Basic:
See Figure 14-A

10
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@ Standard
Scientific Alt+2

Programmer Alt+3

Statistics Alt+4

History Ctrl+H
Digit grouping

. Basic Ctrl+F4
Unit conversion Ctrl+U
Date calculation Ctrl+E
Worksheets

Figure 14-A

Convert values by choosing the proper radio button for the required number format.

(") Word
") Byte

Figure 15-A- Programmer View

11
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Enter numbers using Calculator keypad:

Number represents a Decimal value since the Dec radio button is selected.

@000 ©oeo ©eoe ©oee ©oeo ©eoe eeee eeoeo
63 47 32
@eee wooee 0oBGee oeeee oeeoee oeee eeee 1111
31 15 8

) Hex ‘ HMod‘ A ‘MCHMR‘ MS' ’M-rHM-‘
@ Dec =
oody
Osin || rot||mor| € || 7 |[ 8 || 9 || .2 || =

Lol 8 [l lleffe ][+

@awr | oot 0 |« ][ e e[

e (sn][rn] [ € |1 ][2 ][ 3 ][ =]
) Word 3 2 E - -

() Byte ‘Not”And‘ F ‘ 0 ‘ . ‘+|

Figure 16-A

To convert to Hexadecimal - Choose the Hex radio button.

12
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View Edit Help

N
Lol [fel=lfe]le]f ][]

ot [mor | e || 7 [[ 8 |[ o [« |l %

@) Qword
() Dword
(*) Word
(I Byte

o |[xar]| 0 ][ 4 || 5 || 6 || [lw=] ]
s mn ]| ][ 1 ] 2 || 3 |- |

7 O | |

Figure 17-A

Convert to binary by choosing the Bin radio button.

13
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1111

(@ Bin

@ Qword
(7) Dword
(*) Word
(7) Byte

15 decimal = F hex = 1111 binary

Figure 18-A

Note: Below the number’s screen on the Calculator is a Binary representation of the value

appearing on the number screen.

ggee ooee ooee ooee

0000 0008 0000 0008
63 47 3z
@000 0008 0000 0000 0000 0000 0008 1111
31 15 8
| L L | l I Ll I T
Figure 19-A 64 bits shown

The number of bits shown is based on the setting in the lower left-side portion of

the Calculator utility

@ Qword
*) Dword
(") Word
") Byte

Figure 20-A -Number of bits

14



F\~,
VO rthwest State PLC220 Student Materials, 1/23/17
U1 | AM iSTAR, A DOL funded project

Qword — 64 bits
Dword — 32 bits
Word - 16 bits
Byte -8 bits

Figure 21-A - Shows a hexadecimal value in number screen — Hex format selected
16 bit binary representation shown below the number screen —
Word format selected.

View Edit “Help

F
s

epee esee esee 1111
15

MRH MS

Figure 21-A

Other notation for value representations

10b — binary

77h — hexadecimal
0x45- hexadecimal
2# - binary

16#- hexadecimal
56d - decimal

15
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Exercise:
Convert the following values

1. 15d= b

2. 15d = h

3. 255d= b

4. 255d= h

5. 16#1F = d

6. 2#1001 = h

7. 2#1001= d

8. F91Fh = b

9. 10001001b = h

10. 14d = h

16



Answer for Exercise Problems

1) 1111

2)F

3) 11111111

4) FF

5) 31

6) 9

79

8) 1111100100011111
9) 89

10) E
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