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ABSTRACT 
Probability can be approached from various directions. The goal 
of this paper is to introduce an approach to probability from a 
computational programming perspective, which can complement 
other approaches. It is based on sets and a method that assigns to 
every set a unique integer that can be used for computation. 
 
This approach provides a process and tools including Python code 
to achieve the goal. A visual form is also presented to further help 
students understand the concepts. Some examples are provided to 
show the potential use of this view. 

This approach may also possibly provide a slightly different 
approach to probability based on computing a great many subsets, 
and conditional probabilities, using search among them to find the 
proverbial "needle in the haystack". 

Categories and Subject Descriptors 
D.3.2 [Computers and Education]: Computer and Information 
Science 

General Terms 
Algorithms, Measurement, Design, Reliability, Theory. 

Keywords 
Computing Curricula, Discrete Mathematics, Logic, Probability, 
Sets, Venn, Karnaugh map, Minterms, Numbering 

1. INTRODUCTION 
Probability can be viewed in many ways from various directions 
including philosophy, mathematics, engineering and computer 
science [1][2]. The view here comes from engineering of digital 
logic gates where the concept of minterm (or minSet) is the basic 
"atom" or building block from which everything is built. 
 
In this approach each minset is assigned a number, and these 
numbers combine in a "logical" way to provide a unique integer 
for every set. This set numbering can be used in various 
computations. 

 

 
This numbering system is not as general or powerful as that of 
Kurt Gödel, but it does apply to Boolean algebras, propositional 
logic, gates and sets. These are similar (isomorphic), but sets are 
used here as they extend easily to probability. This numbering 
also extends to conditional probabilistic events. 
 
The set numbering has a very visual form that is an aid to 
students. It begins as a Karnaugh map, which is extended into a 
Mahoney map, and further extended here with probabilities. 
 
Computation with this set numbering system is done here in some 
examples using the Sets of Python3, but the general concept is not 
limited to Python. 
 

2. SET NUMBERING 
The numbering of sets is shown here using the example of Maj3 
(Triplication). It is a binary digital system having 3 inputs and one 
output, that indicates the majority of the value of the inputs; the 
output value is 1 when two or three inputs are 1. 
A truth table of Maj3, labeled M3, having all 8 combinations of 

the 3 input values is shown in Figure 1. 
Figure 1. Truth Table for Maj3; Majority of 3 Input Values 

 
The combinations are listed in a binary order. For example, in row 
3 (inputs CBA are 011) correspond to the binary number 3  
 
    C*22 + B*21 + A*20 =  2 + 1 = 3 
 
Note the order of the main sets A,B,C, where A is the least 
significant digit at the right end. 
 
At the right of the table are minterms, (or minsets), labeled m0 to 
m7, which are the basic building blocks from which any function 
can be constructed. In this case Maj3 is given by the Or (or union) 
of four minsets. 
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Maj3 = Or (m3, m5, m6, m7) 
     =  A &  B & nC | A & nB &  C | 
       nA &  B &  C | A &  B &  C 
 
Switching theory involves optimization of such formulas and their 
implementation, whereas here we are concerned mainly with 
numbering and their uses with probability. 
 
2.1 Visual Representation of Sets; Main Sets, Minsets, Subsets 
Karnaugh Maps (or K-maps, or just Set Maps) are rectangular  
forms of Venn diagrams, that provide an alternate and very visual  
notation of such binary functions as shown in Figure  2. 
 

 
Figure 2. Karnaugh Map representation  of 3 Sets 
 
This map form shows by a brief visual inspection that Maj3 can 
be represented simply by the union of three subsets: 
  Maj3 = A&B | B&C | A&C  
       = A&B | (A | B)&C 
 
Maj3 is implemented in Figure 3 using valves that control the 
flow of a fluid when any 2 or 3 levers are pushed, so moving 
some valves. This physical form suggests probability to students. 

 
Figure 3. Implementation of Maj3 with Fluids and Valves 

 
There are 256  functions of 3 variables; some are listed in the truth 
table of Figure 4. Each one of these 256 can be labelled by a 
number corresponding to the binary number of the truth table 
listing. This numbering uses a binary listing within a binary 
listing. 
 
For example Maj3 consists of the minterm list (shown shaded) 
   Maj3 = 11101000 
 
corresponding to the decimal set number  232. The set number is 
just the sum of various powers of 2. 
 
Maj3 = Or(7,6,5,3) 
     = m7 | m6 | m5 | m3 
Snum = 27 + 26 + 25 + 23 
     = 128 + 64 + 32 + 8 
     = 232 

 

 
Figure 4. Numbering of Main Sets, Minsets and Subsets 

 
The set numbering can also be seen visually on a set map 
containing the power of 2 of each minSet. The set number of any 
subset is just the sum of the powers of the minset numbers, which 
can be called pNums (for power numbers). 
 

  
Figure 5. Numbering of Maj3 from the Set Map of pNums 

 
The Python language involves sets, and can now be used with this 
set naming. Figure 6 shows Python3 code, iToSet(S)  which 
creates a set S corresponding to a given set number i. It repeatedly 
divides by 2 creating a binary number and adds the doubled value 
to m, ultimately returning the set T of appropriate powers of 2. 
 

 
Figure 6. Code to Generate all 256 Subsets of Main Sets A.BC 
 



 
This iToS code is repeatedly called for all 256 values of i, so 
generating a list of all subsets. Only every 40th subset is printed 
here in Figure 7. 
 

 
Figure 7. Output of Some of the Subsets of 3 Main Sets 

 
3. STRUCTURED MAPS, TRUTH TABLES 
Set maps may “grow” to more sets by a systematic structure as 
shown in Figure 8. The growth continues by reflection about 
horizontal and vertical axes, alternately. Properties of this 
structure are shown in the following examples. A larger map, 
encompassing all these is shown at the very end of this paper. 

 
Figure 8. Growing Set Diagrams by Alternating Reflection 

 
Figure 9 shows a set map of 2 main sets A,B (dashed) which is 
nested within a map of 3 main sets. This nesting can continue to 
many more sets. 

 
Figure 9. Nests of Structured Set Map and Truth Table 

 
 

 
Structured Truth Tables 
A truth table, as shown at the right of Figure 9, lists all 8 
combinations of values. It shows also the ordering of main sets, 
listed from right-to-left corresponding to the structure of the set 
maps.  
 
This reversed ordering is not the common way of showing truth 
tables, but is useful. 
 
The last column on the right of the truth table, labeled P (for Play 
Ball), represents the truth value for each minset combination.  The 
numbering of P is 14, and the opposite of play, Quit, Q would 
have a number 242 (256 - 14). 
 
Nesting is also shown on the sub-tables within a truth table. The 
dashed middle nest on the truth table is a sub-table which could 
suffice in places with no rain . 
 
Maj4  of Figure 10  has output of 1 when three or four inputs are 
1.  Its set number is simply the sum of the shaded pNumbers. 

 

 
 

Figure 10. Set Map with powSet Number for 4 set Maj4  
 

Note	that	the	previous	numbering	of	set	A	(upper	case)	is	
 A = {1, 3, 5, 7, 9, 11, 13, 15} 
 
It describes only minsets, which should be defined as powNums 
in terms of powers of 2 of minset numbers  as in (lower case) 
 a = {2, 8, 32, 128, 512, 2048, 8192, 32768} 
 
For five set variables there are 32 minSes as shown in Figure 11. 
The set number for Maj5 is 4,276,676,736.  
 

 
Figure 11. Set Map of Maj5 With Set Number 4276676736 

 



 
A particularly interesting visual property of such structured maps 
is shown in Figure 12. It involves the first horizontal row and first 
vertical column, where the numbers in the column are double the 
numbers of the row. Also within the table, the number at each 
row-column combination is just the sum of the number of that row 
and column. For example, the intersection of row numbered 10 
and column numbered 20 is the sum 30 in mid table.  
 
Such structured set diagrams are shown for 6 sets in Figure 12 and 
for 8 sets in Figure 19 at the last page of tis paper. 
 

Figure 12. Structured Set Diagram for 6 sets, and 64 minsets. 
 
4. PROBABILITY AND SET NUMBERING 
Probabilities can be associated with systems in various ways. 
Maj3 for example can be viewed in terms of frequency of input 
use, and then also in terms of errors as shown in Figure 13. Notice 
the occurrence of the Maj3 “shape” in three places on the two 
maps (one is a negative shape). 

 
Figure 13: Maj3: Two Views of Probability; Frequency, Error 

 
Maj3 system is shown first with frequencies of input, the 
proportion of time that various inputs occur. For example, input A 
occurs 60 percent of the time, input B and C occur together for 30 
percent. All 3 inputs occur together for 20 percent and the 
majority occurs 60 percent. There are 256 such probabilities! 
They can all be computed with a simple change to the previous 
code of Figure 6.  It is done by adding an array M consisting of 
the probabilities of the minsets (in order of numbering) as: 
 M =[.10,.10,.10,.10,.10,.20,.10,.20] 
 
A function probSet(S), shown in Figure 14, is also useful to return 
the probability of any set S. It simply accumulates the 

probabilities of each minset in S. 

 
Figure 14. Function to Return the Probability of a subset S 

 

 
Figure 15. ReRun of the Modified Code of Figure 6 
 
Conditional probabilities, cp, are particularly useful, where the 
probability of one set X, given another Y is denoted various ways: 
  cp(X given Y) = cp(X,Y) = p(X & Y) / p(Y) 
 
For example, the probability of a majority given B is: 
    cp(Maj3,B) =  .30 / .50 = .60 
Also, the reverse probability of B given a majority is:  
    cp(B,Maj3) =  .40 / .60 = .67 
 
There are 256*256  or over 65,000 such conditional probabilities 
that can be computed by the code segment of Figure 16. 
 

 
Figure 16. Code to List all Conditional Probabilities of 3 sets 

 
As these probabilities are computed they can be compared, and 
then relevant probabilities (max, min, independent, etc) can be 
output. 
 
5. QUICK CURE OF THE COMMON COLD 
Consider an example (semi-facetious) of a study to find a quick 
cure for the common cold. Suppose that it involves three 
medications (meds), A, B, C: (Aspirin A, Beer B, and Vitamin C). 
Furthermore, suppose that after many tests the resulting cure (D, 
Demise of the cold) is given by the (nice, round) probabilities of 

 



the set diagram of Figure 17. 

 
Figure 17. Minset Probabilities for Cure of the Common Cold 
In general such a system of 4 set variables would involve 16 
minSets, 65,536 subsets and over four billion conditional 
probabilities. However, this cold cure system is oriented, with 
three inputs and one output, so the complexity is reduced 
considerably. It ultimately involves only 256 subsets. 
 

 
 

Figure 18. Some Conditional Probability Computations 
 
The relevant probabilities here would be the conditional 
probability of cure D, given any subset combination. Some 
examples are given in Figure 18. The probability of cure given B 
is just 0.4, but it doubles to 0.8 if Aspirin and vitamin C are taken, 
but it decreases to .55 if the majority is taken.  If all three meds 
are taken (not shown) the cure probability is  
   cp(D, A & B & C) =  .05 / .10 = .50 
 
There are 256 such conditional probabilities, which can be 
computed by the code segment of Figure 19. 
 

 
Figure 19. Code Segment to List Cures of the Common Cold 
 
Many interesting probabilities hide in these numbers. For example 
D is independent of B; Cure is independent of Beer. Also, A is 
independent of B, and B is independent of C, but A is not 
independent of C; such non-transitivity is not always a surprise. 
The best cure is the combination of “Aspirin and no Beer and 
Vitamin C” which has a probability of 1.0. This is not the same as 

“Aspirin and Vitamin C” which has a probability of 0.8 (#160).  
The “not Beer” is important, even though D is independent of B. 
All the 256 “cures” are listed (in order of set number), along with 
their probabilities in Figure 21 at the end of this paper. 
 
Many Valued Digital Systems: Beyond Binary 
The numbering algorithm described here can be extended to non-
binary systems of 3, 4, and more values. For example, a 3-valued 
function Max involving values 0,1,2 providing the  maximum of 
any two values A,B is shown in figure 20. The Power column 
Pow shows the base 3 to the power of minSet i. The Prod column 
shows the product of the Max value and this i-th power of 3. The 
sum of this last column gives the numbering, which is 19569. 
There are 19683 such functions in a 3-valued system compared to 
only 16 in the binary 2-valued system! 

Figure 20. Extended Numbering to 3 values, 0,1,2 
 

6. CONCLUSION 
The main concept here is that there is an integer associated with 
every  set. It applies also to logical propositions, Boolean algebras 
and gates since they are all similar (isomorphic). 
 
Sets are used here to illustrate this numbering because they seem 
simpler to students but they also extend or grow to numbering 
conditional probabilistic events. The concept also extends to 
multi-valued, non-binary systems. The numbering corresponds to 
a nested visually structured Karnaugh set map that grow 
systematically by repeated  alternating reflections. 
 
The numbers linked to sets can be manipulated more easily than 
the sets themselves.  This view is complementary to other views 
of probability. It may lead to a different way of dealing with 
complex data. 
 
Sets are very convenient for students to visualize, understand  and 
use in problem-solving and programming. 
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Figure 20. List of all Cold Cures  and Their Probabilities (as percentages) 

 

 
 
 


