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Glossary of Symbols Commonly Used in Formal Models
I. The Greek Alphabet – Unless otherwise indicated, these are just like a, b, c, d, etc.  But they look more “scientific” and people won’t confuse them with single-letter English words like “I” and “A.”  In different areas of mathematics, certain symbols mean certain things (I’m sure you’ve seen lower-case pi).  In most of what we read, these are just letters and before using them the author will typically indicate what they represent.
[image: ]
II. Common Mathematical Symbols
A. Superscripts indicate exponents while subscripts can be used for several purposes.  In virtually all of the reading we will do, the subscripts are just descriptive.  No mathematical operations are performed on the subscripts themselves.  For example, we might write “the Utility of Player A” by letting U stand for utility and then subscripting A: UA
B. Summation and Multiplication.  The capital sigma and pi are used as shortcuts for long strings of pluses or multiplication signs.  The italicized i is often used as an index, or subscript.  Sometimes t is used instead, especially when representing time.  In these notations, the subscripts are purely descriptive – they refer to the first x, the second x, the third x, etc.  On the bottom, the first value of i is given (here it is 1).  On the top, the final value of i is given (here it is N).  
[image: ]
Sometimes if the range of the subscript is already known, the author will dispense with the index.  For example,  [image: ] means summing up a times x for all x’s in the range i.
C. Modifiers.  Sometimes an author needs to distinguish between similar variables.  For example, there might be the actual value of Z and the observed value of Z.  The most common modifier is called the prime symbol: Z ′ is referred to as “Z prime.”  You may also see symbols like Z” (Z double prime), Ẑ (Z hat), or Z* (Z star).  These are no different from ordinary variables; you could call any variable A, B, Z*, Ā (A bar) if you wanted and addition, multiplication, etc would all remain exactly the same.
D. Functions.  
1. There are two ways to express a function.  You can express it in the form of another variable like y = x2, or you can express it as f(x) = x2.  For our purposes, it makes little difference.
2.  A linear function will look like this: y or f(x) = mx + b.  The letter m refers to the slope of the line if the function is graphed.  The letter b refers to its intercept, or how far above or below zero f(x) is when x = 0.
3. A quadratic function will have an x2, which means that when it Is graphed it will be a curve, not a line.  The same goes for higher powers of x – while x2 indicates a curve with one bend (like a U or inverted U), x3 indicates a curve with two bends (like an S), x4 indicates a curve with three bends, and so on.  It’s nice to know at a glance whether a graph of something the author is discussing will look like /, U, or S.
E. Inequalities.  Common relations between variables include >, <, and =, which you already know.  You should also remember ≥ and ≤ mean “greater than or equal to” and “less than or equal to,” respectively.  ≠ means “is not equal to,” and ≡ can mean “is identical to” in set theory or “is defined as” in logic.  
F. Calculus.  There are a few symbols which are unique to calculus, which is used to study or describe change.  When you see these symbols, you know the author is talking about how some quantity changes in response to changes in some other quantity (economists call this elasticity).
1. Change: The capital delta (Δ) stands for change.  So if I say Δ X = Δ Y, I am saying that if you add 1 to X, then Y will also go up by 1.  Note that X and Y aren’t equal themselves.  X might be 20 when Y is 10.  If you add 10 to X, it becomes 30 and Y becomes 20.  This notation is common even outside of calculus.
2. Derivatives:   There are several systems of notation in use.  To say “the (first) derivative of x” one might write
[image: ]   ƒ′(x), or [image: ]  
They are all referring to the same thing:  or 
The derivative of X is how the value of f(X) changes when X changes.  If f(X) = 5, then its derivative must be zero, since f(X) was 5 yesterday, is 5 today, and will still be 5 tomorrow.  A derivative of zero means that something remains constant, and 5 is a constant.  A constant has a derivative of zero (it is, after all, constant).  
a) A linear function will have a derivative that is a constant.  For example, in y=mx+b, m (the slope) is the derivative of x.  After all, the definition of a slope is  or “rise over run.”  So m describes how y changes as x increases.
b) A quadratic function will have a derivative that is a line.  For example, the derivative of U looks like / because f(x) first plunges (negative rate of change), then flattens out (zero rate of change), and finally increases (positive rate of change).
c) As it turns out, a function with xn as its highest power will always have a derivative with xn-1 as its highest power.
d) You can take derivatives of derivatives.  These are called second, third, fourth derivatives, etc.  The second derivative is the rate of change of the rate of change.
e) You get a derivative by “differentiating” the function.   Hence, calculus involves “differential equations” like those above.
Imagine a driver on cruise control.  Her speed is constant and so its derivative is zero.  Now imagine that she turns off cruise and accelerates at a constant rate (say +0.1 MPH each second).  Her speed is now a linear function of how long she continues to accelerate, and its derivative is some positive number.  We call that derivative her acceleration.  If you know what speed and acceleration are, you now know a derivative – acceleration is the first derivative of speed.
3. Integration: If you see the sign ∫ then you are looking at an integral.  Integration is essentially the reverse of differentiation: you know the acceleration, but you want to calculate speed.  In the work we read, integration is usually used to find the area under a curve.  So if a function is shaped like   and you want to find the area under the function (say, the distance traveled by a car that tended to accelerate and decelerate during the trip), you will integrate the function (actually you won’t be integrating or differentiating anything unless you want to, but some authors will).  This is actually very similar to summation, but instead of adding discrete numbers you are adding continuously changing numbers.  
III. Formal Logic.  There are several systems of “propositional calculus” – a phrase that simply refers to a formal way of making statements.  No actual “calculus” (the mathematical subject) is involved.  In the “classical” (early modern) system, notation is as follows, with the most common form of notation listed first.  Lower case letters like p and q represent propositions.
A. The symbol ∴ means “therefore.”  It is often placed before the conclusion of a theorem.
B. Common relations between propositions
[image: ]
For example, we can read the following (De Morgan’s Laws):
[image: ]
as “not (p and q)” is equivalent to saying “not p or not q,” and that “not (p or q)” is equivalent to the expression “not p and not q.”  
This kind of logic is handy, especially when dealing with complicated propositions or words that have multiple meanings (each meaning can be given its own letter).  

C. Quantifiers also exist, so that we can refer to “every proposition” or “at least one proposition.”  The symbols are
[image: ]Thus the two ambiguous readings of “A boy beat every girl at tennis” can be represented by 
(∃x) (∀y) BEAT (x, y)  which means, “There exists a boy who, for every girl, beat her at tennis.”

(∀y) (∃x) BEAT (x, y)  which means, “For every girl, there exists some boy who beat her at tennis.”

D. Conditional statements of the “if…then” form can also be made,  The symbols are:
1. The sufficient condition, p  q, which means “if p then q, but if not p then q could be true or false.”  p is therefore a sufficient condition for q (p guarantees q, but you might get q anyway), while q is a necessary condition for p (q may not give you p, but you can’t get p without q).
2. p ↔ q, which means “if and only if p then q” – it is equivalent to saying “if p then q and if q then p,” or pq ∧ qp     The concept of “if and only if” is often written iff.  It is an important condition and you will see it often.  It indicates that p is both necessary and sufficient for q.
E. When discussing propositions, truth is usually indicated by T or 1, while falseness is indicated by F or 0.  These can be summarized for all the common operators we have covered.  The following are truth tables, which show the truth status of p, that of q, and whether the relation between them (part to the right of the line) is true:
[image: ]
IV. Sets: 
A. The first thing to know is whether a letter like X represents a variable or a set.  
1. Sets are indicated using braces: {…}   This indicates a set, or group of something. {1, 2, 3} is a group with three members – the numbers 1, 2, and 3.  {x, y, z} is a set with x, y, and z.  
2. Sets are usually indicated using capital letters like A, B, C while the members of sets are indicated using lower-case letters like a, b, c.
3.  ∅ is an empty set (set with no elements)
4.  Set membership can be described using a vertical bar.  The vertical bar means “such that.” So {x|1≥ x ≥3} is read as “a set containing all x such that x is at least 1 and no more than 3.”  In other words, it refers to all numbers from one to three, inclusive.  
[image: ]
5. A finite set has a countable number of members.  An infinite set has infinitely many members.  
6. [image: ] and similar-looking letters are used to refer to sets of numbers (all real numbers, in this case).
B. Relations between sets.
1. x ∈ X means x is in X, or x is an element of X (think ∈ for ∈lement).  We frequently say that x is a member of X, which means the same thing.
2. x ∉ X means x is not in X – it’s just an ∈ with a slash through it.
3. Y ⊆ X means that Y is a subset of X, or Y is included in X
4. Y = X means that set Y is equal to set X (they share all of the same members/elements), which implies that Y ⊆ X ∧ X ⊆ Y
5. Y ≠X means that set Y is not equal to set X, or ￢[Y = X]
6. Y [image: ]X means that Y is a proper subset of X, or Y ⊆ X ∧ Y ≠ X
7. ∅ is an empty set (set with no elements)
Suppose X is the set of whole numbers.  We can interpret {x ∈ X|0 < x < 4}as saying “the set containing x which are contained in whole numbers, such that x is greater than zero and less than four.”  Or we could just say {1, 2, 3}.  But for large sets, these symbols make listing many elements easy.  For example, I cannot list all positive real numbers, because there are an infinite number of them.  But I can refer to them using set notation as {x ∈ X|x > 0}.
C. Operators.  Suppose we have a set X, and Y and Z are subsets of X.  This is written as
 Y ⊆ X ∧ Z ⊆ X
[image: ]
[image: ]
V. Preference notation:
· a P b means “a is preferred to b” and is also written as a≻b
· a I b means “a is equivalent to b” (the indifference relation) and is often written as a ∼b
· a R b means “a is at least as good as b” so  a P b V a I b.   Also written as a [image: ]b
· a PQ b means “Q prefers a to b.”  Subscripts work the same way for R and I       

image4.png
ay

-

df(

), or *f()




image5.emf

image6.emf

image7.emf

image8.emf

image9.emf

image10.emf

image11.png




image12.emf

image13.emf

image14.emf

image15.png




image1.png
Ao

Bp

Ad
Ee
Zg
Hn
(eX)
I
Kk
AdX
Mp

alpha
beta
gamma
delta
epsilon
zeta
eta
theta
iota
kappa
lambda
mu

Nv
Oo
Mn
Pp
X og
Tz
Yo
¢
X%
Yy
Qo

nu
ksi
omicron
pi

rho
sigma
tau
upsilon
phi

chi

psi

omega





image2.emf

image3.emf

