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¢ VECTORS AND VECTORSPACE N : VECTORS AND VECTORSPACE !
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A vector is a quantity or phenomenon that has two independent Habd sinry o::i:: Am",:fm & multipcative monoid
properties: magnitude and direction.
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LINE AND NORMAL
: The line ax + by +c =0

and the vector (a, b)
v = (a,b) is always normal to ax + by + ¢ = 0
M
X
\\\‘V
’\\ I )
X
\\3 7
o
\&
\L\
e SaSssnnssas IS
\e
[

[ ]

LIMIT OF A FUNCTION
[ ]
[ ]

The limit of a function at a point a in its domain (if it exists) is
the value that the function approaches as its argument
approaches a

lim f(x) =limf(x—h) lim f(x) =lim f(x+h)
x-=c” h-0 x—-ct h=0

Left Hand Limit Right Hand Limit

=Y

The limit of a function exists if and only

lim = lim, =L
""" if the left-hand limit is equal to the x—=c~ f(X) x—-ct f(X)

right-hand limit.

lim f(x)=x+4=9
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A function relates every element in a set to i
exactly one element in another set
f:A>B y= f(x)
P [ input |
me o
Output] |
function domain co-domain
--éa\
v range
Input Function Output X . . .
A function which has either or one of its subsets
@ fx) @ as its range is called a real valued function.
Further, if its domain is also either R or a subset
of R, it is called a real function
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LIMIT OF A FUNCTION ; /
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2 .
fo)=@=-2)*+1 \ _[x ifx<2
\ FEI =143 otherwise
x JiC) x S x fo0) x* JiC)
1 2 3 2 1 1 3 6
15 1.25 2.5 1.25 1.5 2.25 2.5 5.5
1.9 1.01 2.1 1.01 1.9 3.61 2.1 5.1
1.99 1.0001 2.01) 1.0001 1.99 3.9601 2.01 5.01
1.999  1.000001 2.001 1.000001 l_ggj 3.996001 2.001) 5.001
1.9999 1.00000001 2.0001  1.00000001 1‘9999‘ 3.99960001 2.0001 5.0001
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LIMIT OF A FUNCTION ; P
° N Ax) = —
[ ]
fix) = sinfx)
X
M gy =17
y, /' discontinuity”
AV/\ /
N/ i = . )
(x-250x + 1)
%2 fx) x—=2* )
. sin(x)/x = sin(x)/x 1.50000 1.80000 250000 157143
1.75000 172727 225000 1.61538
n 00 n 0.0 1.90000 168966 210000 164516
1.0000 0.8414710 | -1.0000 0.8414710 1.95000 167797 2.05000 165574
0.1000 0.9983342 | -0.1000 0.9983342 198000 168830 2mood 185345
0.0010 0.9999998 | -0.0010 0.9999998 199900 66688 200100 16664
1.99990 1.66669 200010 1.66664
0.0001 1.0000000 | -0.0001 1.0000000 S o008 i R 5105001 105608
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DERIVATIVE OF A FUNCTION N
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See+h) /o Secant
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i H =
; *h v
_ f(x+h) - f(x) 10y = lim fxh) - f(x)
Slope of Secant = b flxy = pm i
_df _ Jix+Ax) = f(x) _ Af T ——
reo= et Ax - e {BEarenca quatiant) (if limit exists)
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Check the continuity of the function f given by f (x) = 2x + 3 at x = 1
L ) N
lim gy P T fa)
/’Ha £ Kk 'ra () is continuous at x = 1
fo/ i .-_tm ! if lim f(x) = f(1)
v ! 3 !
g x=2a 0: x=a e o] X=a LH.S RHS
| |
These three togather will make the function f(x) continous at x = a lim £ ® res
= 2x1+
= li 2. E )
4 o breaks i @xt3) - 243
,/d atx=a =2x1+3 -5
=2+3
) =5
o X=a Since, LH.S =R.H.S
9 - Function is continuous.
lim - f(x) is continuous
Yty ﬂxjff(a).: e
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DERIVATIVE OF A FUNCTION N,
° ~N_~
‘ FO)=2x+1 4 =2
dx
// x| 1 5 6 ] 7 |8
Lk
; e fx) | 3 11 | 13 | 15 | 17
gP:
d 5-— d 9—
— = =—= — fxX)=——F=5=2
,/ dxf(X) 2= 2 dxf() 7=
d 17-9 8
=) = —- =2
dx e 8—4 4
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DERIVATIVE OF A FUNCTION fe) = 2w =2r

[ ]
© © 4 _fo0 -1 4 _ G0 @ af_fo0 1@
f(x) =x? if(x):Zx x o | Gy x w0 | =Pt x w0 | Lo
dx - 0 0 1 1 1 3 2 4 5
/s Xo
" f’\ N\/‘\ 0.1 0.01 1.1 1.1 1.21 3.1 2.1 4.41 5.1
/ 0.5 0.25 1.5 1.5 2.25 3.5 2.5 6.25 5.5
/ x 0 1 2 3 4 5 6 7
il 0.9 0.81 1.9 1.9 | 3.61 3.9 2.9 | 841 5.9
X y 74 fx)| 0 1 4 9 16 25 36 | 49
\ /- \/ \_AAJ 0.99 | 0.9801 1.99 1.99 |3.9601 3.99 2.99 | 8.9401 5.99
g A 0.999 [0.998001] 1.999 1.999 | 399600 3.999 2.999 |8-99400 5.999
\ . 1 3 5 7 9
'y Bl A\M/\\/ Xo 1 1 2 2 4 a 3 9 6
= : 5 0m 4 g0 g 1.001 [1.002001 2.001 2.001 | 409400 4.001 3.001 |°-09600 6.001
f f f f 1.01 | 1.0201 2.01 2.01 |4.0401 4.01 3.01 | 9.0601 6.01
d 11 1.21 2.1 21 | 441 4.1 3.1 | 9.61 6.1
Zf a1 2 3 4 15 | 225 25 25 | 625 45 35 | 1225 6.5
he d 0 N d ) =2 1.9 3.61 2.9 29 | 841 4.9 3.9 | 15.21 6.9
so the derivative o, X) =X — f(x) =2x +
ff dx f Xo 2 4 3 3 9 5 4 16 7 /
[ [
:WHY DERIVATIVE EXSIST AND NOT EXSIST ? :
M d -1 ifx>0 3 d 2 .
° fx)=1-|x| d_f(x)={1 i]{x<0 f(x)=x af(x)=2x °
* \ A real-valued function of nreal variables is a function that takes
\ as input z#real numbers, commonly represented by
; the variables xy, x,, ..., x, for producing another real number,
the value of the function, commonly denoted f (x;, X, ..., Xy).
74 5
y = f(x1x2)
s
h f(x—h) —f(x) f(x+ h) —f(x) h f(x—h) —f(x) f(x+ h) — f(x) y = f(xp xz.X3) « 2 e
—h h —h h
1 1 -1 1 1 1 N - -x
0.1 1 -1 0.1 0.1 0.1
0.01 1 -1 0.01 0.01 0.01
0.001 1 -1 0.001 0.001 0.001 "
0.0001 1 -1 0.0001 0.0001 0.0001 ¥ = f(x1, %2, %3, .
0.00001 1 -1 0.00001 0.00001 0.00001 /-\
0.000001 1 -1 0.000001 0.000001 0.000001
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PARTIAL DERIVATIVES

Partial derivatives of a function of two variables states that if
z = f(z,y). then the first order partial derivatives of f with

respect to & and y, provided the limits exist and are finite, are:

2=ty
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fy(xy)

g{ = folz,y) = Jlim” Het A"X’: —fy) ), £e(xy) £,(xy)
% _ )= Lo~ Sz | 2 / o o,

w\B Y, 0 Ay . Ix, ax

) Slope of the surface in the x-direction Fo(X,Y) fy(XY)=1, (X y)
z =xy?—ysin(x) s hox(XY) Doy
-

0z _ , - 2z 0z 9z _ 0z 9x | 920y
——=y* —ycos(x) oz dy 2s _ox os | 9y os
ox
ay 5 ) -T 0z _ 0z 0x | 9z dy
Pl xy — sin(x)

o o % 5 =arar Ty o
65/ \m / \ ot “ox ot | ayoe
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DERIVATIVES AND OPTIMIZATION :

Here 6, < 6, = tan(8p) < tan(8y) ; we know; — -

ﬁ at P = tan(6p) ; i at Q = tan(8y)

What is the angle of tangent at M ?

dy
6,,=0=tan(0,,) =0=> i OQatM

Derivative at a point x. is 0 = x. is an extremum point
which is a maximum or minimum, then it can be used for

optimization
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. PARTIAL DERIVATIVES ! WHY ? ‘e
[ ]
z=f(x,y) =2x+3y
Isolating Independent Effects: When a function depends v
on multiple variables, partial derivatives allow us to B_z - B_z =3 f
isolate the effect of changing one variable while holding ox dy o|r]2)s3)4
the others constant. This is crucial for understanding olol3|6] 9|12
how different factors interact and contribute to the f0)=2 - f(34)=18
overall behavior of the function B B & @ 98|88
Af=18-2=16 x|2|a|7|10[13]16
. ) . Ax=2 Ay=4 3|6 |9 121518
Local Sensitivity Analysis: Partial derivatives measure
the instantaneous rate of change of a function with Af =Ax.2 +Ay.3=16 4|8 |11)14)17/120
respect to each variable at a specific point. This provides
insights into how sensitive the function is to small Af = Ax 9z ray 2 0z —16
changes in each variable locally. ox dy
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- DERIVATIVES AND OPTIMIZATION N
. ~N_
[ ] P
z o Gradient of a function
=0
ax 3
/ ;(f)
ﬂ 0 el
VX1, X2, X300 00y X)) = —(
800 = fix. ) =)
:\/b h(y) = fa,y)
| \‘y E(f)
(a, b, 0)

Find the extrema of f(x,y) = x? + 2y —4(x +y)

1. Gradient:
Vf = (2x — 4,4y — 4)

2. Critical point: (2,1)

To find optimal points of a function f(xg, Xy, X, ...

Calculate Vf

Find xg, x1, .....x, Where Vf(xg,x1,%2, ... x,) = 0

LX)t
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ERROR FUNCTION AND SURFACE N
Linear Regression ! Perceptron
.
y=mx+b QE/I ( . }7=1 (1 i
e = + e(-wix1—-
)= Y0 -9t = Y0 —mx -5 =jem.b) o ‘
E 2
1= Y0 -9= Y - o) <m0
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