Some Basic Math Tools/Concepts

¢ Sigma (summation) notation
e Sums of deviations, squared deviations and products of deviations

e Elasticities

e Functional forms (linear, polynomial, logarithmic, exponential): slopes and elasticities

Sigma (summation) notation

1. Consider a set of n numbers {x, %,, ... x,} ={x " ={x}. Then

Zn:xi ={X XX f =D

i=1

n

a. The average of the values: X :EZ X, :i(x1 + X, +...4X,) ... note that D" x, =nx.
n i=1 n i=1
b. Properties:

i Zn:c =nc
i=1

n n

ii. Yex =c) x =cnx

i=1 i=1

n

iii. > (ax, +byi):azn:xi +bzn: y, = anx +bny
i=1

i=1 i=1

Sums of deviations, squared deviations and products of deviations

2. Define the deviation from average/mean... d, =X, —X . Then:

a. Sum of deviations: ) d, =0

i=1

n n

iznl:di =D (% -X)=) % —nX=nXx-nX =0

i=1 i=1
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b. Sum squared deviations: Zn:df = Zn:(x? )—nx?

i=1 i=1

=3 (%7)—2xn% + nx* = Zn:(x?)— nx?

n
i=1 i=1

c. Sum of products of deviations: Zn:(xi -X)(y;,-Y)= Zn:(xi y; ) — NXy

i=1 i=1

>

n

Zn:(xi _7)(yi _7) = Z(Xi Yi = XY; =YX, +W):Z(Xi yi)_YnV__rW*‘nW

i=1 i=1 i=1

Elasticities
3. Unit free measure of responsiveness
a. Consider y= f(x)

%Ay _Ayly _ xAy

b. Discrete changes, ¢ = =
%AX AX/X Yy AX

c. Atthe margin (for incremental changes) ¢ = 5% (sometimes called point elasticities)
y dx

Functional forms
4. Linear functions
a. of onevariable: y= 4, + B x (y-intercept: 5;)
. dy
i. Slope: ==
Pe: b

ii. Elasticity (at a point): ¢ = X AX

ydx vy
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b. of many variables: y =g, + X + B, X, +...= By + Z,Bi X, (y-intercept: ;)

oy

i.  Slopes (partial derivatives): 8y =4, o
X2

=5

WY _BX X%y X%

yo, oy T oyo, oy
iii. Note thatif y = £, + B, X, + 5,X,, then dividing both sides by y, we have
1:&+ﬁjl__xl+ﬂ2 2 IBO

y y y y
shares.!

ii. Elasticities (at a point): & =

+¢& +¢&, ... s00n asense, these elasticities are like

5. Quadratic (2" order polynomial): y = B, + B,x+ B,x* (y-intercept: 3,)
d
a. Slope: d_i = f, +25,X

xdy _ Px+28,X°
y dx y

2

d°y
2

b. Elasticity:

c. Curvature: =2, (<0: concave; >0: convex)

d. Note that =B +20,x=0—>Xx*= 2’% (max/min point)

2

6. (Natural) Logarithmic: y =1In(x) (defined for x > 0; no y intercept)

a. Slope: gy = 1

dx x

x dy

b. Elasticity: &=—
y dx

_1
y

c. In(xx,)=In(x)+In(x,), In(ﬁjzln(xl)—ln(xz),and In(x”) = BIn(x)

2

>

d. Note that if y = 8,x/*, then In(y) =In(,)+ B,In(x, ), and the (constant) elasticity (of y

wrt Xx) is: ——=—,Boﬂlel T==p X=,31-
y X

< | X

! They are shares if , =0.
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7. Exponential: y =e”* (y intercept is 1)

a. Inverse of the In(.) function, so x =e"* and x = In(e*)

b. Slope: y=e* - _ Be”
dx
PiX
c. Elasticity: ¢ = xdy _xpew _ BX
y dx y

d. y=eliuie —ehefMef and In(y) =In(e”)+Ine”*) +In(e”*) = B, + BiX + BoX,
... S0 In(y) is linear in the x’s.



