Introductory Notes on Demand Theory

(The Theory of Consumer Behavior, or Consumer Choice)

This brief introduction to demand theory is a preview of the first part of Econ 501A, but it also
serves as a prototype or template for other models of decision-making we’ll develop in Econ 501A,
such as the theory of the firm, the theory of decision-making under uncertainty, etc. Demand

theory is used heavily in Econ 501B as well, right from the beginning.

How is demand theory a prototype for other models of decision-making? Demand theory has the
same structure as the other models, and we’ll ask the same questions and use the same techniques

in demand theory as in subsequent decision models.

The elements of demand theory:
(1) Alternatives
(2) Constraints

(3) A criterion for choosing (e.g., an objective function, a preference ordering, etc.)

It’s this alternatives/constraints/criterion structure that’s common to models of decision-making.

Demand theory provides a familiar example.

(1) Alternatives:

The alternatives in a consumer’s choice problem are consumption bundles, i.e., amounts
of various goods or commodities. Suppose there are n goods. We represent the alternatives

algebraically and geometrically:

Algebra: Each bundle is an n-tuple or list of n non-negative numbers,

x = (z1,...,2,) € RT.

Geometry: Each bundle is a point in R”}, a subset of the linear space R".

Reality: Connecting the model to reality requires one to decide how to divide things
up into commodities, which also determines how many commodities the model will
have. For example, are hamburger and steak two distinct commodities, or are they
both just beef? Is gasoline at Speedway & Park the same commodity as gasoline at
Exit #248 on I-10, or in San Diego? Another example: there will be applications in

which some components of the bundles will have to be restricted to discrete quantities.



As we develop a model of consumer choice (as with any model) we have to pay attention, as above,
to the relation between the formal model (the symbolic or algebraic model and the corresponding
geometry) and the reality the model is supposed to help us understand (in this case, consumers’

actual choices).

(2) Constraints:

What constraints are there on the alternatives a consumer can choose? We’ve already introduced
n constraints without mentioning them: by defining the set of alternatives as R’} we imposed the
n non-negativity constraints r; = 0, x5 =0, ..., x, = 0. An additional constraint is imposed
on the consumer by his budget — what bundles he can afford to buy. If the commodities’ prices
are pi,pa, ..., pn (in dollars per unit, say), and if the consumer’s budget is w dollars, then he can

choose only those bundles that satisfy his budget constraint

n
P-XxSw; de, pirit-cFpur, Sw;o e, Zpkxkéw- (BO)
k=1

The budget set or feasible set is the set of all bundles x that satisfy (BC') and the non-negativity

constraints as well:
B={xeR} |p-xSw}

={xeR" |p-xZw&ax; =20,Vi}.

N

Because p-x = w is a linear inequality, the budget set is a half-space in R™ bounded by the
hyperplane p-x = w, truncated by z; = 0, 2o =2 0, ..., x, = 0, or equivalently, it is the

intersection of the n 4 1 half-spaces defined by the n + 1 linear inequalities

p-Xéw, $1§07 I'on, axnzo

The budget set, B




3) Criterion, or objective:
( : j

Here in this preview we will assume that the consumer has a utility function v : R} — R

which tells him (or us) which bundles he likes more and which ones he likes less. We interpret

u(X) > u(x) to mean he prefers bundle X to bundle x; i.e., if offered a choice between

just x and x, he would choose x ;

and
u(X) = u(x) to mean he is indifferent between the two bundles x and x; i.e., if
offered a choice between just x and x, he cannot say which he would choose.

Ultimately, we will adopt a weaker and more intuitive assumption — wiz, that the consumer’s

choices can be described by a preference relation (essentially an indifference map) that is well-
behaved — and we’ll determine conditions under which that description of behavior is equivalent

to the utility-function description we’re using here.

If the function wu(+) is continuous, it can be described geometrically by its indifference curves,
i.e., its level curves. A level curve of u(-), as for any function, is a set of the form

I. .= {x|u(x) =c} forsomecéeR
i.e., it’s the set of all bundles that yield the utility level c¢. Here are two of the level curves of the

function u(z,y) = ry? :
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Note that continuity of u is not enough to guarantee that its level curves are actually curves:
they could be “thick”. The following utility function, for example, is continuous but has a thick

indifference curve that includes all the bundles (z,y) € R% that satisfy 25 < zy < 36:
xy, if xy <25

u(z,y) = 25, if 25 < zy < 36.
xy— 11, if xy = 36

The Consumer’s Maximization Problem:

We can summarize everything we’ve said about the consumer’s choice problem by simply stating
the consumer’s maximization problem (which we abbreviate by CMP, or sometimes UMP for

utility maximization problem):

(CMP) Choose x € R"} to maximize u(x) subject to (BC) ;
i.e.,
(CMP) Choose x € R"} to maximize u(x) subject to p-x < w.
F
s
B
\\\ > X

BC

A solution of (CMP) is a bundle, say X, that yields the greatest value of u(x) among all the bundles
in the budget set B. Note that there is no guarantee that a solution will exist or that if a solution

does exist it will be unique.



Some Things We Want to Know About the Solution of the CMP:

(1) Does a solution exist? Or under what conditions does a solution exist?

(2) Is the solution unique? Or under what conditions is the solution unique?

Note that in the CMP,
e The consumer is represented by the utility function u(-).

e His environment is represented by the parameters py,...,p, and w.

(3) For a specific utility function and parameter values, how can we determine the solution?

(4) How does the solution change as the consumer’s environment changes?

In order to answer (4), what we want to know is the solution function, which gives x as a

function of p and w:
x = f(p,w),

1.€., the consumer’s demand function, or equivalently, the n demand functions for the n goods:

Xy = fl(paw) = fl(pb' .- 7pnaw)
ry = fo(p,w) = fo(p1, ..., pn,w)

Tp = fn(paw) = fn(ph s 7pn7w)'

The following pages contain several very simple examples in which we obtain the solution for a

specific utility function, as in (3), and the solution function (i.e., the demand function), as in (4).
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