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We'll see whyT a bit later.

< x]
A Lot of HW1 is about seeing applications of

this operation .
What is it.

You can think of aib as adding up

the entries of b with weights coming from a

e. g. a = In b = (b ,, bz , by, b)

aT b =
b

,
+ bz + by + by



ega = ez

aTb = bz

ega = (
, ++ 4)

atbtbeby
+ be Caree

e
.g. a : portfolio assets

6 : price per
asset

a
.
b

,
+ --- J total value
L ofportfolio

18 shares at $46 a share

AAPL



·
to

Y
, Xy

a = Ax . I f(x)Ax + -- + flxAx approx integral

b= f(xy)
(total work, total energy production)

Some observations:

aTh = bTa

(a)-b = U(aTb) aT(bb) = Obta
= UbTq

(a + b) +c = a
+
c + bic

= Wall

aT(b +c) = aib + aTc

aTa = a+
- + a
?

sum of synes

X +y2+z2- hmm
,

connection?



a= (p, . .

., Po)

& probabilities OPi 1), P .+-- + Pn = 1

b= (b , ,
. . ., bp)

& outcomes
, by with probability PK

2.g . a drawy
, by is the price value.

Love bit is 0
,
and Pracle to1)

atb is the expected winnings.
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Last class : we introduced the deality operation Cake inne
product)

a
+ b = a

,
b

,
+ - - + anbn=

And we saw that there are a number at natural

operations that an
be expressed like this.

Here's another :

a = (ai . . .) ani

- a number

b = (1
,
t ! t5 .., t")

aTb = a
, + azt+ --- + amth (polynomial evalentson)

aTb = bTa

(a +b) ic = aTc + bic (a +b)T(c+d)

aT(Bc)= B(a+c) = atc + b c

+aid+bid



Recall your favorite integral rules ;

"f(x) +g(x)dx = f,f(x)dx +105(dx

9c f(x)dx=f(x

And your favorite deivative rules :

* (f(x) +g(x)) = f(x) + g(x)

& c f(x) = c f(x)

If you know the values of the pieces your on

addRem up and scale them.

Most mathematical operations don't work like

This :



sin (A +B) = sin(A)cos(B)+ sin(B)cos(A) e. g.

= Sc(A) + sin(R)

#B +E (no matter
what cak I

stedates say

,
But f(x)= 7xsuppose

f(x+y) = 7(x+y)

= 7x + 7 y

f(6x) = 7((x)

= 7 . 6 :

7

= 6 :7
= 6f(q)

f(ox) = c f(x)



A function f : /"-> IR

"from IR" to R "

is m if f(x+z) = f(x)+f() #xyEIRY

f(ax) = < f(x) forE

XIRY

Mnexample f(x ,y) = x - y2

f(1 , 0) = 1

f(1 ,0) = 1

f (2,
0) = 4 + 2 = f((,0 + f (1 ,d)

Example f(x
,y) = 3x - my

& (x) +flex,yel= 3x - 4 y +3x -442

7 Zz
= 3(x,+-) -4(e, +yz)

= f(z ,+zz)



-wit
f(x) = aTx(xE(Y)

f(x +y) = aT(x ++)

= a
,
(x

, +y,p + - -
- + an(xe +yn)

= ax+ a
, 4,

7 --tan (n) t an

= aTx + aTY

smilly f(xx)= atax = anTx = a f()
,

So inner product against a fixed reate

is live -



Examples of linea functions :

Given a time seies
,
temps say

T= CTis - . .

., Tn)

tell we the tempentere at time K.

f (T) = Th



Text has a nice civil engineers example :

been Cerg
↓

-As+ a
a bride)

Xi X2M X3

Three positions across the borm.

Imagine point loads at X, X2, xz

S

Want to measure the deflection (say) of the

bea at the midpoint m as a consequence

of weights Wi , we
, We

Fr a bridge : We in metric fas

s in mm

s(wi
, wz

,wz) = c
, W

, +Cwz +CzW3



= CTw c= (4
,Rz, <3)

w = (wiwzwz)

What we the units of c ? nau/ tonne

Fami
every line function fitt R an bewritten

in the for f(x) = cTX for some cEIR"

Why is that ? Leta = flex) e= (0 -10
...
0

↑
slotk

x = (xx -
- -

, Xn)

= Xe, +Xzezt
--- + Xen



f(x) = f(x, y + x2e + - -- xe)

= f(x
, e) + f(men) + -- + f(xe)

=
x, f(x) + x flez) + -- + f(xen)

=c,X , + - --
-

- + GM

r
f (0) = f(0 +o

= f(0) +f(0)

->= 0

your favonde lives

f(x)= mx + b
L

not liner unless b = 0.



If f(x)= <
, x, + ... + Gyn + b = c Tx + b

we say f isfire.

They satisfy a kind ofsnited superposition :

f is liver : f(axyby)= < f(x) +B+ ()

- is affue flaxify)= af(x) +BG)

x +B = 1

-


