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15 Interpreting sparsity. Suppose the mm is nparse, i.e., has only a few nonzero entries.
Give a short sentence or two explaining what this means in each of the following contexts.

(a) x represents the daily cash flow of some business over n days.

(b) x represents the annual dollar value purchases by a customer of n products or ser-
vices,

(c) x represents a portfolio, say, the dollar value holdings of n stocks.

(d) z represents a bill of materials for a project, i.e., the amounts of n materials needed.
(e) = represents a monochrome image, 1.¢., the brightness values of n pixels.

(f) = is the daily rainfall in a location over one year.
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1.8 Profit and sales vectors. A co sells n « products or items. The n-vector p
gives the profit, in dollars per unit, of the n items. (The entries of p are typically
positive, but a few items might have mfﬂlw entries. These items are called loss leaders,
and are used to increase customer engagement in the hope that the customer will make
other, profitable purchases.) The n-vector s gives the total sales of each of the items, over
some period (such as a month), i.e., s, is the total number of units of item i sold. (These
are also typically nonnegative, but negative entries can be used to reflect items that were
purchased in a previous time period and returned in this one.) Express the total profit in
terms of p and s using vector notation.

lotal profot = 707'5
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1.11 Wonrd count and word count ki ; ﬁ. n-vector w is the word count

vector associated with a docum __ ictionary of n words. For simplicity we will
assume that all words in the document appear in the dictionary.

(a) What is 17 w?
(b) What does wysy = 0 mean?

(¢) Let h be the n-vector that gives the histogram of the word counts, i.e., h, is the
fraction of the words in the document that are word i Use vector notation to express
h in terms of w. (You can assume that the document contains at least one word.)
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1.16 Inner product of nennegative 1

led nonnegative if all its entries are
nonnegative.

(a) Explain why the inner product of two nonnegative vectors is nonnegative.

(b) Suppose the inner product of two nonnegative vectors is zero. What can you say

about them? Your answer should be in terms of their respective sparsity patterns,
i.e., which entries are zero and nonzero,
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1.17 Lmear combinations of cash f ’i:w vectors over T time periods,

with a positive entry mean _ 3 d, and negative meaning a payment
made. A (unit) single perod . tﬂ Mﬂdt is the T-vector [, that corresponds
to a payment received of $1 in period ¢ and a payment made of $(1 + r) in period ¢ + 1,
with all other payments zero. Here r > 0 is the interest rate (over one period).

ldcben‘lT—lPﬂ'bdhnn starting at period 1. This means that 81 is received in
period 1, $(1 + )7 " iy paid in period T, and all other payments (i.e., ¢z,...,c7-y) are
zero. Express ¢ as a hnclr combination of single period loans.
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