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. Machine Learning & Artific )Intelligence )

o Gradient Descent: Uses derivatives to minimize the error in training models.
o Optimization: Helps fine-tune neural networks and other algorithms.
o Backpropagation: Uses partial derivatives in deep learning to adjust weights.

. Computer Graphics & Game Development

o Rendering: Calculating light, shadows, and reflections using integrals.
o Animation: Smooth motion and physics-based simulations use calculus.
o Ray Tracing: Uses integrals to compute light behavior and shading.

. Cryptography & Security

o Elliptic Curve Cryptography: Based on calculus concepts for secure encryption.

o Secure Hash Functions: Some cryptographic techniques involve continuous functions and their
properties.

. Robotics & Control Systems

o Path Optimization: Uses calculus to find the best routes.
o Kinematics & Dynamics: Uses derivatives to model velocity and acceleration of robots.

. Computer Vision & Image Processing

o Edge Detection: Uses derivatives (like Sobel and Laplacian operators) to detect image edges.
o Fourier Transforms: Uses integration to process images and signals.

. Data Science & Signal Processing

o Fourier & Laplace Transforms: Used in signal processing for filtering and compression.
o Probability Density Functions: Integrals are used to compute probabilities in continuous distributions.

. Algorithm Optimization & Analysis

o Asymptotic Analysis: Uses limits to evaluate algorithm efficiency (Big-O notation).
o Numerical Methods: Uses calculus to approximate solutions for complex problems.

. Physics Simulations

o Simulating real-world physics (e.g., fluid dynamics, gravity, aerodynamics).
o Used in scientific computing, weather modeling, and virtual environments.

Calculus is a backbone for many advanced techniques in CS, especially in Al, graphics, and optimization.

24.

O




“ /\-(-)6 P(UH—OA"‘\“ -T—:\‘cj\c wundte~ den G’D‘F"‘ von ‘17'?,_
wn 4 bis ©o =







i _%YTOMCI\SJ?S'}W Oﬁ)r\ c1.\e._ reellen Zq\q\e,n
- 0 Q-c.ée,'n e~ Add-i)r;m C’q“be*\‘@'ﬂﬁté—mppe; :

,A-,.'i\ fksscz.‘fcr\‘i\};%a‘i' s & x, Y 2 & R+ v (\]w- ) < yj-&—% L
AW) Ne,u%f\e_s Elewent: F 0B axel @ x<+0=x Carss
QQ,)+).> 4::\3 \Queraes+ - _ETM( f < e_(a.., S%e W, - xfr:j: (@) \3-':--‘ -X @Jpp% "

B NMoearaY TV * 2 - & - :

‘3_\. a5 F (a-e\l x J J.‘-x

Sivesr D—Gé&\h cler Mg\hp\'\

= N\.i) Assoaa%‘w’%—&\- . X, A, 2 ek - x'(j‘%>=é<‘j)'% (lQ\éol/ .>
V39T | i) Newholes Elmenh: 3 T€1NDY v xe B .les '
b Abe).

M) lnverses Elemenb: ¥xe RNPT FyeR - xy=1
M.‘)‘) W: VX(Jé(‘Z.‘ x,\d:‘t(.)( 61\1Ppe/'
Digtn butivitet s . Geset e

D> V)‘,‘j,%‘euz s )(.(3?%): x.-jt—x’%

D - - : L . abRlsche GnppS
(‘K}+} .),;«-; ”2 18‘\’ can Kél'Pef‘ (\2/ k= > \5'} P Cbﬁugb\ac,h q«l H‘k&&&m}
\R*_—-_ IR\ SOZ (_54: zﬁé\x’th de M\J(’hf)‘kk&!ﬁtﬁ> isk e,
! - albelsche :
(R\®3 - ) N
')




)Q LS‘(’ eu\ ) onc,e.ov"d. ne_-i—e/-\ CO"

}w& R 3& e Siae Ot‘el—huaj,rm[ohom

@ rd"‘“;f QA HIOme_

o) Reflaviits VaeR. xex 7
02) Tremtibdt. MxgrelR . xéy Ay = x<&2

93) )ﬁ\hﬁmm}f{e 4 %laé‘\R % sa A\ aéx = x=é

6‘4') Totel © Wxy e . xSy oder < >
|7 = ¢ 3 g<7 |
K te Or‘ch\u\a st tnns«‘sl-f'.r\'f: ——{I\:'{’ A—Q’L&L[«m und. W(hp‘«kc}'m

K-") \/ij—he((& P XCa = Xtz é'd't'%-
LZ) X/ )(-6\(1 (IL x>0) ond )(7/320 : X.% = 0.




IR ‘s+ eine. Or\crjeo'-dncf-ef‘

K‘é‘rpe.r
abe— & ut aucf\-!

Ordnong vollsts adag kst

onderschudef W v &
nierschaded ™ © 0 —

[ Ordmguotstontigiit (V)

Seqen A8 Tc,ﬂmﬁmm (IR
go dass @_A—zl;qﬁ / B+40

O YoeA und ¥bESB
rdﬂ'\': a b

Dann Sl{d(r es j__,_ﬁ/—:—‘:’&‘—so deeS
- YaeA a £c ond

\L v bhelR <<b.



/ E—
Sata 112 R sk

P EEEEEE——

= cméy_@.—-dne}d\ qu?ef )

d/\f\ JAQ:(OH‘Q

=S e

: = Addidwen
or 16 @ Die Addabee

ind
ond Aol lpwerse. =
e;—ndéz\rl—\ qu—[mﬂ‘(—-
S .
@ LD-X —O -\/)(é s
@ % = =X ,V/KS(Q-
—1 9 S 1-
\ns besordere (’l‘) =4 -
%\nsbedsOnAser (=1 . ZO



1 MAA“NA Iezen e X §Qj
Z oA | @ 4 && “2 Daﬂﬂ alb'l\
O = +(x+%):g—ex)+>%! es N
%sa—‘_ ‘ o des x€ &
@ = 0%2 ?1# e
® ex(s ﬁzn
= Z= nC,Z ot on l
T n <X 4
wpy=0 ®
,‘_‘_é,—:o @&»p — : .
BQA&A{ b 3
@ ¥ + (~\)e X = 4.x 4 () K ilisiviniel® u&f]
N
= (\—l-(—l))-x - 0.¥x=90
tg.)(.—:—-}(



‘tmc.wmhhﬁl +0ﬂ@wﬁ

do.s Vo\(s-}md,.g&x@scx;w V

lES @lu‘ CEW. ~ib =2 \

Bevels S& A:=fee | lba £2
qt 2

-

:=¢beR [ ¢bez, b*=2 {.

Da en @ 1eA , AEPD
" g 263, B4+

@ Va-e?&‘, beid p adlb.

Bewos ® Folls e ;___ b, donn

50\3{' a.a Z b.b
Abr— dann haben wie al>vi>z

7 viedsypch (¢ 2)

}\/o(‘,(f\(\/) 3(5%‘ es celR miT

alc MeeA Ad
C<b ¥be .

(r\s besondee

wWie uﬁ&r\ (XS gV dgss C

A‘hdsu*&lvlb entved o~
@ ctc2 oo @) <2

farn =l @ da c*c2 <€A
(W achmen on dess c?‘:,ez,)

1£ €L 2

2

< 'y

2 c*>0 , 2cet>|



W kBnren MM . Pnn‘u‘(a.

anpeendon i ¥=2-C*>DO
& =2c¢l .

Dunn j«M‘ es l<n€ N MNIL

(e encicd] @

s

It daeger Widhl von n,jtﬁ(‘
< v .
[cok) me=2 T
é c,l—t-l-c”.lf.\_t;‘l_
ek
< c."-‘-i;ﬁzc-elJ

S C}—b L—C.z =2
€3)

dh @——b—l;)z L2

Eek) & 2 (il
E) 2 4)

I —‘/c.‘e/\,. beld al &b,

ezl 4k <+l 2|

ﬁ\(@ 1—5)— Shalich |

U}\é_. U'{ﬂcq-ﬁﬁ T T de<s

=2 .



-

Setz 1-1-3 T Medes €20,
te \ het  die

x=+t

Gled dﬂ\)rg{

elnre,

LB3ung Tn
- % W IR

—

SLINIRVS
A
V-t  bezeicheedt

B ml +>0 jnlo(‘ es

L—gsug x=t
Ste vourrd mi‘"

S ire.

20.

e

G

g—

%
Q=
erfSilen des

NicH T | |

A== 206@ ( (Cedl?, c.l_c_?,]

3: = {beﬁllgsgz,b‘zﬂ

Ye  Rohanelen Zahlon
% Q,b€.7é/ b_f:O]

VollsM&Mamm

b,cnn

Wenn diz  2ahl ce &
exwshardt (5.4.. Vaeh Yoels
alc od g b>
we oben p worde ex  awch

C_L::L zr&:ﬂl).r\
7‘(50‘“ WA~ LnSE Scho
dacs Yeane  fohonole 2!






12



