
 Election Theory 
Plurality: The number of votes cast for a candidate who receives more than any other but does 
not receive an absolute majority. 

 
 
Majority 

● Majority- more than half the votes. 

●  
●  Borda count- a single-winner election method in which voters rank options or candidates 

in order of preference.  

● \ 
● Instant Runoff (Plurality with runoff)- A further competition, election, race, etc., after a 

tie or inconclusive result. 



 
 
Sequential Runoff- a choice that is eliminated one at a time and voters are transferred  

 
Condorcet method- If there is a candidate who 'wins' EVERY comparison with all other 
candidates, then this candidate is the winner. If there is no such candidate, then there is no 
Condorcet winner. 

 
Approval voting- Each voter may "approve" of any number of candidates. The winner is the 
most-approved candidate. 



 
Arrow’s Conditions- A minimum set of requirements that is called a fairness criterion 
Majority  Criterion- if one candidate is preferred by a majority(more than 50%) of voters, then 
that candidate must win 
Condorcet Criterion- For a set of candidates, the Condorcet winner is always the same regardless 
of the voting system in question. 
Monotonicity Criterion-The monotonicity criterion is a voting system criterion used to evaluate 
both single and multiple winner ranked voting systems. 
Independence of Irrelevant Alternatives Criterion- in a fair election, it is impossible for a 
candidate to move from a non-winner position to being a winner unless one voter reverses the 
order in which the non-winning candidate and the winning candidate were ranked. 
Weighted Voting 
Weighted voting- voting systems based on the idea that not all votersshould have the same 
amount of influence over the outcome of an election. Instead, it can be desirable to recognize 
differences by giving voters different amounts of say (mathematical weights) concerning the 
outcome. 
Banzhaf Power Index- a power index defined by the probability of changing an outcome of a 
vote where voting rights are not necessarily equally divided among the voters or shareholders. 

 

https://en.wikipedia.org/wiki/Power_(sociology)
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Shapley Shubik Power Index- Any coalition that has enough votes to pass a bill or elect a 
candidate is called winning, and the others are called losing. 

 
Fair Division 
Desired Outcome- The outcome in which the the person is hoping for. 
 
Perceived Value (Fair Share)- The worth that a product or service has in the mind of the person  
 
Divider/Chooser-The one who is dividing the object into equal shares, and the one who first 
chooses which piece of the divided object he/she wants 

 
 
 
Lone Divider- where one person is dividing the object into what he believes to be even, others 
chooses first. 
 



 
 
 
Last Diminisher- A generalization of the Divider-Chooser Method. Procedure (described for N 
players): ... When all have played, the last diminisher gets his/her piece and departs. The 
process begins again with one less player. 
 
 

 
 
 
Marker Method-  The method of markers applies to problems of fair division in which the 
goods could be arranged in a linear fashion 

 
 
Estate Division(Sealed Bids)- process in which all bidders simultaneously submit sealed bids to 
the auctioneer, so that no bidder knows how much the other auction participants have bid. The 
highest bidder is usually declared the winner of the bidding process. 
 



 
 
 
Apportionment 
 
Hamilton- Also known as the Method of Largest Remainders and sometimes as Vinton'sMethod. 
Procedure: Calculate the Standard Divisor. Calculate each state's Standard Quota. Initially assign 
each state its Lower Quota. 

 
 
Jefferson- Compute the divisor D = (Total population)/(Number of seats) then Decrease D by an 
amount d such that when state allocations {(State population)/(D - d)} are rounded downward, 
they add up to the exact number of seats. 

 



 
Adam- Also known as the Method of Largest Remainders and sometimes as Vinton'sMethod. 
Procedure: Calculate the Standard Divisor. Calculate each state's Standard Quota. Initially assign 
each state its Lower Quota. 

 
 
Webster- Compute the divisor D = (Total population)/(Number of seats), Modify D by an 
amount d, that could be negative, such that when state allocations {(State population)/(D + d)} 
are rounded in the customary manner, they add up to the exact number of seats. 

 
 
Hill- method of apportionment assigns seats by finding a modified divisor D such that each 
constituency's priority quotient (population divided by D ), using the geometric mean of the 
lower and upper quota for the divisor, yields the correct number of seats that minimizes the 
percentage differences in the size of the congressional districts. 

 
 



Quota (lower/Uppper)- The Standard Divisor is the average number of people per seat over the 
entire population. Standard Quota. The Standard Quota is the fraction of the total number of 
seats a state would be entitled to if the seats were not indivisible. 
 
Violation of quota (quota rule)-A Lower Quota is a Quota rounded down to the nearest whole 
number. An Upper Quota is a Quota rounded up to the nearest whole number. An apportionment 
method that always gives each state a number of seats equal to the Upper or Lower Quota (of its 
Standard Quota) is called a Quota Rule. 
 
Balinski and young impossibility theorem- states that there does not exist an apportionment 
method that both satisfies the Quota Rule and is free from any paradoxes of apportionment.  
 
Alabama paradox- The Scenario of the Hamilton method in which an increase in the total 
number of seats in the legislature would cause an electoral district or political party to lose a seat. 
 
Population paradox- The population paradox is a counterintuitive result of some procedures for 
apportionment. When two states have populations increasing at different rates, a small state with 
rapid growth can lose a legislative seat to a big state with slower growth. 
 
New states paradox- An increase in the total number of seats to be apportioned causes a state to 
lose a seat. 
 
Graph theory 
 
Edge & Vertices 

 
 
Degree 



 
 
Paths 

 
 
Circuits 

 
 
Cycle 

 
 
Isomorphic 



 
 
Homomorphic 

 
 
Connected/complete 



 
 
Trees 

 
 
Digraphs 

 
 
Adjacent 



 
 
Multigraphs, loops 

 
 
Minimum spanning tree 

 
 
Euler circuits and paths 



 
 
Hamiltonian circuits and paths 

 
 
Bipartite graphs- graph whose vertices can be divided into two disjoint sets that is each are 
independent sets such that every edge connects a vertex to another. 
 
Chromatic number of a graph-  the smallest number of colors needed to color the vertices of so 
that no two adjacent vertices share the same color. 



 
 
Kruskals algorithm-  a minimum-spanning-tree algorithm which finds an edge of the least 
possible weight that connects any two trees in the graph. 

 
 
Prim’s algorithm optimization- finds a minimum spanning tree for a weighted undirected graph. 
This means it finds a subset of the edges that forms a tree that includes every vertex, where the 
total weight of all the edges in the tree is minimized. 

 
 



Routing problems- a combinatorial optimization and integer programming problem which asks 
"What is the optimal set of routes for a fleet of vehicles to traverse in order to deliver to a given 
set of customers?". 

 
 
Traveling salesman problems- a mathematical problem in which one tries to find the shortest 
route that passes through each of a set of points once and only once. 

 
 
Critical paths- the sequence of stages determining the minimum time needed for an operation, 
especially when analyzed on a computer for a large organization. 

 
 
Earliest/latest- The paths that take less time to go through and the paths that take more time to 
complete. 



 
 
Minimization- Steps taken to ensure that the path take requires the least amount of time for 
completion 

 
 
Matrices 
 
Row- the horizontal sequence of numbers within a matrix 
 
Column- the vertical sequence of numbers within a matrix 
 
Dimensions- the number of rows and columns within a matrix 
 
Inverse- Swapping the positions of  a and d in a matrix and putting negatives in front of b and c  

 
 



Identity-  the n × n square matrix with ones on the main diagonal and zeros elsewhere. It is 
denoted by In, or simply by I if the size is immaterial or can be trivially determined by the 
context. 
 
Scalar- A diagonal matrix with all its main diagonal entries equal is a scalar matrix, that is, a 
scalar multiple λI of the identity matrix I. Its effect on a vector is scalarmultiplication by λ. 
 
Transpose- When the columns become the rows and the rows become the columns in the matrix. 

 
 
Matrix operations- In mathematics, matrix multiplication or the matrix product is a binary 
operation that produces a matrix from two matrices. The definition is motivated by linear 
equations and linear transformations on vectors, which have numerous applications in applied 
mathematics, physics, and engineering. 

 
 
Leslie model- discrete, age-structured model of population growth that is very popular in 
population ecology.  

 



Markov chain- A simple two-state Markov chain. Markov process example. In probability theory 
and statistics, a Markov chain or Markov chain, named after the Russian mathematician Andrey 
Markov, is a stochastic process that satisfies the Markov property. 

  
 
Cryptography- the art of writing or solving codes. 

 
 
Cipher- a secret or disguised way of writing; a code. 
 
Code- a system of words, letters, figures, or other symbols substituted for other words, letters, 
etc., especially for the purposes of secrecy. 
 
 
Recursion 
 
Fibonacci sequence- a series of numbers in which each number ( Fibonacci number ) is the sum 
of the two preceding numbers. The simplest is the series 1, 1, 2, 3, 5, 8, etc. 
 
Golden ratio- The Golden ratio is a special number found by dividing a line into two parts so that 
the longer part divided by the smaller part is also equal to the whole length divided by the longer 
part. It is often symbolized using phi, after the 21st letter of the Greek alphabet. 



Arithmetic sequence- In mathematics, an arithmetic progression (AP) or arithmetic sequence is a 
sequence of numbers such that the difference between the consecutive terms is constant. For 
instance, the sequence 5, 7, 9, 11, 13, 15 … is an arithmetic progression with common difference 
of 2. 

 
 
Geometric sequence- In mathematics, a geometric progression, also known as a geometric 
sequence, is a sequence of numbers where each term after the first is found by multiplying the 
previous one by a fixed, non-zero number called the common ratio. 

 
 
 
Fractal- a curve or geometric figure, each part of which has the same statistical character as the 
whole. Fractals are useful in modeling structures (such as eroded coastlines or snowflakes) in 
which similar patterns recur at progressively smaller scales, and in describing partly random or 
chaotic phenomena such as crystal growth, fluid turbulence, and galaxy formation. 
 
Cobweb (recursion design)- Recursion occurs when a thing is defined in terms of itself or of its 
type. Recursion is used in a variety of disciplines ranging from linguistics to logic. The most 
common application of recursion is in mathematics and computer science, where a function 
being defined is applied within its own definition. 
 
Growth and decay- Exponential growth occurs when the growth rate of the value of a 
mathematical function is proportional to the function's current value, resulting in its growth with 



time being an exponential function. Exponential decay occurs in the same way when the growth 
rate is negative. 

 
 
 
Sequences- a particular order in which related events, movements, or things follow each other. 
 
Series- a number of things, events, or people of a similar kind or related nature coming one after 
another. 
 
 
Probability/Counting 
 
Counting- taking account of when reaching a total; including. 

 
 
Combination- In mathematics, a combination is a way of selecting items from a collection, such 
that (unlike permutations) the order of selection does not matter. In smaller cases it is possible to 
count the number of combinations. 

 
 



Permutation- a way, especially one of several possible variations, in which a set or number of 
things can be ordered or arranged. 

 
 
Factorial- the product of an integer and all the integers below it; e.g., factorial four ( 4! ) is equal 
to 24. 

 
 
Event-  Two events are dependent if the outcome or occurrence of the first affects the outcome or 
occurrence of the second so that the probability is changed. 
 
success- the accomplishment of an aim or purpose 
 
Trial- a test of the performance, qualities, or suitability of someone or something. 
 
Sample space- the range of values of a random variable. 
 
Mutually exclusive- In logic and probability theory, two propositions (or events) are mutually 
exclusive or disjoint if they cannot both be true (occur). A clear example is the set of outcomes 
of a single coin toss, which can result in either heads or tails, but not both. 

 



Disjoint- (of two or more sets) having no elements in common. 
 
Dependent/Independent- The two main variables in an experiment are the independent and 
dependent variable. An independent variable is the variable that is changed or controlled in a 
scientific experiment to test the effects on the dependent variable. A dependent variable is the 
variable being tested and measured in a scientific experiment. 
 
Binomial probability-  the probability that a binomial experiment results in exactly x successes. 
The following notation is helpful when we talk about binomial probability. x: The number of 
successes that result from the binomial experiment. n: The number of trials in the binomial 
experiment. 

 
 
Expected value- a predicted value of a variable, calculated as the sum of all possible values each 
multiplied by the probability of its occurrence. 

 
 
 
Random variable- a quantity having a numerical value for each member of a group, especially 
one whose values occur according to a frequency distribution. 
 
Simulation- Simulation is a way to model random events, such that simulated outcomes closely 
match real-world outcomes. By observing simulated outcomes, researchers gain insight on the 
real world. 
 



Statistics 
 
Mean-  the average of the numbers: a calculated "central" value of a set of numbers. To 
calculate: Just add up all the numbers, then divide by how many numbers there are. 

 
 
 
Median-  place the numbers you are given in value order and find the middle number. Example: 
find the Median of {13, 23, 11, 16, 15, 10, 26}. Put them in order: {10, 11, 13, 15, 16, 23, 26} 
The middle number is 15, so the median is 15. (If there are two middle numbers, you average 
them.) 

 
 
Variance- the fact or quality of being different, divergent, or inconsistent. 
the fact or quality of being different, divergent, or inconsistent.

 
 
 
Standard deviation- a quantity calculated to indicate the extent of deviation for a group as a 
whole. 

 



Normal distribution- often used in the natural and social sciences to represent real-valued 
random variables whose distributions are not known. 
 
Random sampling- Simple random sampling is the basic sampling technique where we select a 
group of subjects (a sample) for study from a larger group (a population). Each individual is 
chosen entirely by chance and each member of the population has an equal chance of being 
included in the sample. 
 
Census-  an official count or survey of a population, typically recording various details of 
individuals. 
 
Survey- A field of applied statistics of human research surveys, survey methodology studies the 
sampling of individual units from a population and the associated survey data collection 
techniques, such as questionnaire construction and methods for improving the number and 
accuracy of responses to surveys. 
 
Bias- prejudice in favor of or against one thing, person, or group compared with another, usually 
in a way considered to be unfair. 
 
Population- a particular section, group, or type of people or animals living in an area or country. 
 
Venn diagram- a diagram representing mathematical or logical sets pictorially as circles or 
closed curves within an enclosing rectangle (the universal set), common elements of the sets 
being represented by the areas of overlap among the circles. 

 


