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7. KARNAUGH MAPS

7.1 INTRODUCTION

Karnaugh maps allow us to convert a truth table to a simplified Boolean expression without 
using Boolean Algebra. The truth table in Figure 85 is an extension of the previous burglar alarm exam-
ple, an alarm quiet input has been added.

Figure 85 Truth Table for a Burglar Alarm

Instead of converting this directly to a Boolean equation, it is put into a tabular form as shown in 

Topics:

Objectives:
• Be able to simplify designs with Boolean algebra and Karnaugh maps

• Truth tables and Karnaugh maps

Given
A, W, M, S as before
Q = Alarm Quiet (0 = quiet)

Step1: Draw the truth table
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Figure 86. The rows and columns are chosen from the input variables. The decision of which variables 
to use for rows or columns can be arbitrary - the table will look different, but you will still get a similar 
solution. For both the rows and columns the variables are ordered to show the values of the bits using 
NOTs. The sequence is not binary, but it is organized so that only one of the bits changes at a time, so 
the sequence of bits is 00, 01, 11, 10 - this step is very important. Next the values from the truth table 
that are true are entered into the Karnaugh map. Zeros can also be entered, but are not necessary. In the 
example the three true values from the truth table have been entered in the table.

Figure 86 The Karnaugh Map

When bits have been entered into the Karnaugh map there should be some obvious patterns. 
These patterns typically have some sort of symmetry. In Figure 87 there are two patterns that have been 
circled. In this case one of the patterns is because there are two bits beside each other. The second pat-
tern is harder to see because the bits in the left and right hand side columns are beside each other. (Note: 
Even though the table has a left and right hand column, the sides and top/bottom wrap around.) Some of 
the bits are used more than once, this will lead to some redundancy in the final equation, but it will also 
give a simpler expression.

The patterns can then be converted into a Boolean equation. This is done by first observing that 
all of the patterns sit in the third row, therefore the expression will be ANDed with SQ. There are two 
patterns in the third row, one has M as the common term, the second has W as the common term. These 
can now be combined into the equation. Finally the equation is converted to ladder logic.

Step 2: Divide the input variables up. I choose SQ and MW

Step 3: Draw a Karnaugh map based on the input variables

M W (=00) MW (=01) MW (=11) MW (=10)

S Q (=00)
SQ (=01)
SQ (=11)
SQ (=10)

1 1 1

Added for clarity

Note: The inputs are arranged so that only one bit changes at a time for the Karnaugh 
map. In the example above notice that any adjacent location, even the top/bottom 
and left/right extremes follow this rule. This is done so that changes are visually 
grouped. If this pattern is not used then it is much more difficult to group the bits.
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Figure 87 Recognition of the Boolean Equation from the Karnaugh Map

Karnaugh maps are an alternative method to simplifying equations with Boolean algebra. It is 
well suited to visual learners, and is an excellent way to verify Boolean algebra calculations. The exam-
ple shown was for four variables, thus giving two variables for the rows and two variables for the col-
umns. More variables can also be used. If there were five input variables there could be three variables 
used for the rows or columns with the pattern 000, 001, 011, 010, 110, 111, 101, 100. If there is more 
than one output, a Karnaugh map is needed for each output.

Step 4: Look for patterns in the map

M W MW MW MW

S Q
SQ
SQ
SQ

1 1 1

M is the common term

W is the common term

all are in row SQ

M S AQ

W

Step 5: Write the equation using the patterns

Step 6: Convert the equation into ladder logic

A S Q M W+( )⋅ ⋅=
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Figure 88 Aside: An Alternate Approach

7.2 SUMMARY

• Karnaugh maps can be used to convert a truth table to a simplified Boolean equation.

Aside: A method developed by David Luque Sacaluga uses a circular format for the table. 
A brief example is shown below for comparison.

A
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0
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0
0
0
0
1
1
1
1
1
1
1
1

B

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1

C

0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1

D

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

X

0
0
0
0
0
0
1
1
0
0
0
0
0
0
1
1

0000
0001

0010

0011

0111

0101

0110

0100

1000

1010

1001

1011

1111

1110

1101

1100

Convert the truth table to a circle using the Gray code 
for sequence. Bits that are true in the truth table are 
shaded in the circle.

Look for large groups of repeated patterns. 

1. In this case ’B’ is true in the bottom half of the circle, so the equation becomes, 
X B …( )⋅=

2. There is left-right symmetry, with ’C’ as the common term, so the equation becomes

X B C …( )⋅ ⋅=

3. The equation covers all four values, so the final equation is,
X B C⋅=
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7.3 PRACTICE PROBLEMS

1. Setup the Karnaugh map for the truth table below.

2. Use a Karnaugh map to simplify the following truth table, and implement it in ladder logic.

A B C D Result
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0
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0
0
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1
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3. Write the simplest Boolean equation for the Karnaugh map below,

4. Given the truth table below find the most efficient ladder logic to implement it. Use a structured technique 
such as Boolean algebra or Karnaugh maps.

AB

AB

AB

AB

CD CD CD CD

1
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1
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0
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0
1
0
0
0
0
1
1
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5. Examine the truth table below and design the simplest ladder logic using a Karnaugh map.

6. Find the simplest Boolean equation for the Karnaugh map below without using Boolean algebra to simplify 
it. Draw the ladder logic.

7. Given the following truth table for inputs A, B, C and D and output X. Convert it to simplified ladder logic 

D
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0
0
0
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0
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using a Karnaugh map.

8. Consider the following truth table. Convert it to a Karnaugh map and develop a simplified Boolean equation 

A
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0
1
0
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1
0
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0
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1
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0
0
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1
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(without Boolean algebra). Draw the corresponding ladder logic. 
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1
1

1
1

1

1

1
1
1
1

inputs output
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9. Given the truth table below

a) find a Boolean algebra expression using a Karnaugh map.
b) draw a ladder diagram using the truth table (not the Boolean expression).

10. Convert the following ladder logic to a Karnaugh map.

11. a) Construct a truth table for the following problem.
i) there are three buttons A, B, C.
ii) the output is on if any two buttons are pushed.
iii) if C is pressed the output will always turn on.

b) Develop a Boolean expression.
c) Develop a Boolean expression using a Karnaugh map.

12. Develop the simplest Boolean expression for the Karnaugh map below,
a) graphically.
b) by Boolean Algebra

13. Consider the following boolean equation.

a) Can this Boolean equation be converted directly ladder logic. Explain your answer, and if 
necessary, make any changes required so that it may be converted to ladder logic.
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B C D Z
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0
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A

B

C A

D

X

A B AB AB AB

CD

CD

C D

CD

1

1

1 1

1

1

X A BA+( )A CD CD CD+ +( )+=
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b) Write out ladder logic, based on the result in step a).
c) Simplify the equation using Boolean algebra and write out new ladder logic.
d) Write a Karnaugh map for the Boolean equation, and show how it can be used to obtain a 

simplified Boolean equation.

7.4 ASSIGNMENT PROBLEMS

1. Use the Karnaugh map below to create a simplified Boolean equation. Then use the equation to create ladder 
logic.

2. Use a Karnaugh map to develop simplified ladder logic for the following truth table where A, B, C and D are 
inputs, and X and Y are outputs.

3. You are planning the basic layout for a control system with the criteria provided below. You need to plan the 
wiring for the input and output cards, and then write the ladder logic for the controller. You decide to use a 
Boolean logic design technique to design the ladder logic. AND, your design will be laid out on the design 
sheets found later in this book.

• There are two inputs from PNP photoelectric sensors part and busy.

1

1

0

0

1

0

0

0

1

0

0

0

1

1

1

1

AB AB AB AB
CD

CD

CD

CD

A

0
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0
0
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0
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• There is a NO cycle button, and NC stop button.
• There are two outputs to indicator lights, the running light and the stopped light.
• There is an output to a conveyor, that will drive a high current 120Vac motor.
• The conveyor is to run when the part sensor is on and while the cycle button is pushed, but the 

busy sensor is off. If the stop button is pushed the conveyor will stop.
• While the conveyor is running the running light will be on, otherwise the stopped light will be 

on.
4. Convert the following truth table to simplified ladder logic using a Karnaugh map AND Boolean equations. 
The inputs are A, B, C and D and the output is X. 

A

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

B

0
0
0
0
1
1
1
1
0
0
0
0
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1
1
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1
1
0
0
1
1

D

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

X

1
1
0
0
1
1
0
0
1
0
1
0
1
0
1
0


	7. KARNAUGH MAPS
	7.1 INTRODUCTION
	7.2 SUMMARY
	7.3 PRACTICE PROBLEMS
	7.4 ASSIGNMENT PROBLEMS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


