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Assume that in a problem with four logic variables the variables are assigned the following 

weights: D=8, C=4, B=2 and A=1. 

A minterm is the decimal equivalent of the binary value of the “intersection” (AND 

combination) of the variables. For example, 𝐷̅𝐶̅𝐵𝐴 may be referred to as minterm 3 (or m3 for 

short). 

In the design of logic circuits it is desireble to obtain the combination of minterms that would 

result in a circuit with the smallest number of logic gates and the logic gates having the least 

number of inputs. 

This simplification is done with Boolean Algebra. 

Sometimes it may be required to work backwards. Given a simplified term it may be required to 

find the combination of minterms that yielded that term. 

To the eye untrained in Boolean Algebra, it may be quite difficult to determine which minterms 

were used in the “union” (OR combination) to yield such a term as 𝐷̅𝐵̅. 

The following method makes this task very easy. The method is summarized in the tables shown 

below. This particular problem is summarized in Case 2. 

Examine the term given; in this case 𝐷̅𝐵̅. 

The first minterm is determined by adding the weights of the variables in the term; using the 

direct (or uncomplemented) form of the variable as a 1 and the complemented form of the 

variable as a 0. For the B variable: 𝐵 = 1 while 𝐵̅ = 0. In this case, 𝐷̅𝐵̅ = 0 +  0 = 0. The first 

minterm then is m0. 

Notice that the variables C and A are missing from the term. These variables have weights of 4 

and 1 respectively. 

The second minterm is obtained by adding the first minterm to the weight of the first missing 

variable. In this case: 0+4=4. Therefore, the second minterm is m4. 

The third minterm is obtained by adding the first minterm to the weight of the second missing 

variable. In this case: 0+1=1. Therefore, the second minterm is m1. 

The fourth minterm is obtained by adding the first minterm to the weight of the first and the 

second missing variables. In this case: 0+4+1 =5. Therefore, the fourth minterm is m5. 

Then: 𝐷̅𝐵̅ = m0+m1+m4+m5  

Or:  𝐷̅ 𝐵̅ =  𝐷̅𝐶̅𝐵̅𝐴̅ +  𝐷̅𝐶̅𝐵̅𝐴 +  𝐷̅𝐶𝐵̅𝐴̅ +  𝐷̅𝐶𝐵̅𝐴  



 

Using Boolean Algebra this can be shown to be true by the following 3 steps (𝑥̅ + 𝑥 = 1): 

1) Combine m0 and m1 by factoring out 𝐷̅𝐶̅𝐵̅ : 𝐷̅𝐶̅𝐵̅𝐴̅ +  𝐷̅𝐶̅𝐵̅𝐴 = 𝐷̅𝐶̅𝐵̅(𝐴̅ + 𝐴) = 𝐷̅𝐶̅𝐵̅. 

2) Combine m4 and m5 by factoring out 𝐷̅𝐶𝐵̅ : 𝐷̅𝐶𝐵̅𝐴̅ +  𝐷̅𝐶𝐵̅𝐴 =  𝐷̅𝐶𝐵̅(𝐴̅ + 𝐴) =  𝐷̅𝐶𝐵̅. 

3) Combine the result of the m0 and m1 combination with the result of the m4 and m5 

combination:  𝐷̅𝐶̅𝐵̅ +  𝐷̅𝐶𝐵̅ =  𝐷̅𝐵̅(𝐶̅ + 𝐶) =  𝐷̅𝐵̅ 

The following four cases summarize the above method. 

Case 1. One variable missing 

  Weight ↓ Determination of 

minterm ↓ 

minterm ↓ 

Term → 𝐷̅ 𝐵 𝐴 3 m3 m3 

Missing 

Variable → 

C 4 3+4=7 m7 

 

Then: 𝐷̅𝐵𝐴 = m3 + m7 

Or:  𝐷̅𝐵𝐴 = 𝐷̅𝐶̅𝐵𝐴 +  𝐷̅𝐶𝐵𝐴 

 

Case 2. Two variables missing 

  Weight ↓ Determination of minterm ↓ minterm ↓ 

Term → 𝐷̅𝐵̅ 0+0=0 m0 m0 

Missing 

Variables → 

C 4 0+4=4 m4 

A 1 0+1=1 m1 

Combination 

of missing 

variables → 

 

CA 

 

4+1=5 

 

0+5=5 

 

m5 

 

Then: CA = m0 + m1 + m4 + m5  

Or: 𝐶𝐴 =  𝐷̅𝐶̅𝐵̅𝐴̅ + 𝐷̅𝐶̅𝐵̅𝐴 + 𝐷̅𝐶𝐵̅𝐴̅ + 𝐷̅𝐶𝐵̅𝐴 

  

Case 3. Three variables missing 

  Weight ↓ Determination of minterm ↓ minterm ↓ 

Term → B 2 m2 m2 

Missing 

Variables  

→ 

D 8 2+8=10 m10 

C 4 2+4=6 m6 

A 1 2+1=3 m3 

Combination 

of missing 

variables  

→ 

DC 8+4=12 2+12=14 m14 

DA 8+1=9 2+9=11 m11 

CA 4+1=5 2+5=7 m7 

DCA 8+4+1=13 2+13=15 m15 

 

Then: B = m2 + m3 +m6 +m7 + m10 + m11 + m14 + m15  

Or: 𝐵 =  𝐷̅𝐶̅𝐵𝐴̅ + 𝐷̅𝐶̅𝐵𝐴 +  𝐷̅𝐶𝐵𝐴̅ + 𝐷̅𝐶𝐵𝐴 + 𝐷𝐶̅𝐵𝐴̅ + 𝐷𝐶̅𝐵𝐴 + 𝐷𝐶𝐵𝐴̅ + 𝐷𝐶𝐵𝐴 

 



Case 4. If the term is a 1 (all variables missing) then all 15 minterms are present: 

1=m0+m1+m2+m3+m4+m5+m6+m7+m8+m9+m10+m11+m12+m13+m14+m5. 





Accessibility Report





		Filename: 

		expanding minterms.pdf









		Report created by: 

		David Moretti, Professor, dmoretti@qcc.cuny.edu



		Organization: 

		Business Department, Queensborough Community College







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

