_Indernet of Things (Advamce) 2000606 C
OUNIT-1 _Fython Basics |

P¥Hﬂon: T 4
¢ Pythom is a widely vsed lugh-level programming ffmguaﬁe.

.PYHwﬂ Was  created by "Guido Vam Rossum in' 1991
.PyHA«O'D') 15 @ }DONBV‘wa ,'ﬁex,ible and BQBy't—D vse "angunﬂe.

Features of Rython ;

l. Readable & R Huwm is easily readable lwf-gumje- |

2. Easy to Learn ! Coding i pyton focuises more om the
solution ©f broblem awd Jess on syntox.

3. Cross platformm awnd  portable & R tom works on amnd. uuth
0s& CobePcLﬁm? system) like MAC, Liimdows Limot ei‘c;l: |
L, Open Bource : Pyﬂw?ﬂ Is opem source brogram'mf'mg meuj

5. Free . Psthon is free to doumlead vse eurd distribute -

6. Kich h'brary support: Pyton har rich im btu'.lf Iibrary
support and. do mot requires external “brou"y subport.

Ad,vap{-aﬂu of Ryton 5

lo Eazy to read, learn and write - It has english fke syotax s

2. lwmproved. Procwcﬁ'\'/f*}/ - I python ore Hm"m84 are done
vsimg  less o, of codes e

3. Imnterpreted. 'Q'ngwaﬂe"Pymon 1s an Interprefer in'nclwuje,
Whichh rums the codes lime-by- lime, 50 debq%,‘mg s easy .

L. Free and opemn source — PyHon brogram amd, source codes
are free fo download , vse awmd distribute .

5. Rich library supbort = It Las 1m byl libroriet and. we
domnt meed extermal librowies

6. Rrfubilifly = Fyflon codes can be run om any blatform,



:Drﬁa,dvamfm,gex .

l. 8lory speel - P, How 15 Blow. because [k is an fuyterpreter
and. dymawmic langoage - | ; |

2+ Poor Mewory Efficiemey — Python vses 8amd. meed large amount
of THeMOry . |

2. Weak ™ whobile computrmg = It is wnore Swikable forserver
Compwters amnd ot for climt , compoters orcell phomey .

4. Poor cotobate access T Python 's wot swtnble for ’Qf‘ge
datebase « o

5. Rusmhwme errors — Pythom is dﬁimamfc Jamguage 60 clatb,fybe

of a Variable com choamge am yfrme - It gives runhme
arrors .

Installation of RHwn

Etep-17 o awny idernet browsers address bar fype —
hHps ¢ /] wwed. python . orq [ donnload./ [

Step -2 Click on python for iimdows o 1 uedll dishlay ddfferent
Yersions oj— Python »

Step-3 ; Seclect e latest versiom of pythom. 69, Py'HfLon 3.9.]
and. chek on  download .

Step- 4; Atter chiching o downloag, Variow drstollers are

displayed » Choose Hie 1ostaller according to sys tem
os . Ea. I indons 1ostaller ( 64 bifs).

Step -535 The download will complete e Now tgte lhowe dowmnload-
pytthon 3.9.1 wiimdows Cou-bits) rmstaller

Step -6 Run and, install « I+ will obery Imstaller e oy

Click. on "i’ns{uu o’ botton and Imstallation procest
starfs . Installation 15 fimished 1 fews aminutes



il ' |\'

Voriable

ed, memory focaks
* A Variable is aofiuing bt @ Teserves TR A °» t storg

Q. VQ.LLLe )

* Python variable — o
() Most start wWith o leffer or umderscore character.

() Cannot start Witk @ mumber.

(i) Can owly contain alphamnumeric characters (A-Z,0.-3, 0-9)

oamd. underscore -
() Variable mames are case semsitive, eq s BoOK & book ore

differemt  variables s

} s R

W) A variable wame canmot be any of He python kf{fworcbg.

T_pes of variables -
According to data tybes, vanable co» befollowmg +y bes.,

. Numbers Type o—

Nomber {-ybe, variables are vsed. for numeric data, wlyel, can

be imteger, lowg m ﬁeﬂer",ﬁoaﬁmg - point or cowmplex, .

Examples ;—

% = 28 , Integer , X = 519243615 Long integer

e = 56 ﬂoaﬁmﬂ-POiﬂf, % Q_+8y ;! Complex .
2. Siring tybe & —
e |t consist of characlers 19 Qupf"ah'on Tnarke .

« Single quotes amd double thfu both are Valtd -

Example = % = Raj' , 2 'Qq]'
3. Ligt Hybe ¢ —

It comsist of a mumber of mumeric and for string kybe daty

se perated. b] comma, ().
Exoample , x = E'ij", 23,"abed”, 436] ,



4, Tople tybe =~

Tople tybe 15 sion/ [
O K conmot be chang
(D 1+ 25 poclosed 17

Accordj—mg to caté Jﬂjpe,;by
- amiddle ¢

~qameOfstudent
Laracters are capital .

. First and. middle ¢
Eﬂ. Nawne Of stolemt
3. Swmoke Chie — Characters are seperated by vnderseort .-

Eq . M_e_:_gf;swm% .

Primt () Funchon

e Print function priots a messoge O
owtput devicede
e The content

be a wmessoge or a variable .
e The symtax for USDY print () axe ?'Ne?f? below § —

|l Camel Case

2 . Pascal cCase

HAe Screedl or oHaer

l‘?f).S,'dC C ) is C,a.u,dd_, afgu_m 6';7'&‘ CUJ’L!C,L\ CQD

A, To priot a wmessage directly

Here T ememage arqument 15 message itself -
Simgle or double clu.oh:,s, Example, >> Primt ('T o Res?)

ottt 5= lomm Reuy.

Note : If quotes arve wmot wvced brimt () assumes it a abl
2. To print a Vvariable il
Write the variable jmside ()
E’lﬂ'mb’a,o >> — o ’
L2 xes e e fom Ry
o i .Pr;f (1) > Print (x)
: output I 1-am Raq "




3. To print multiple arquments

Seperate e afgmen’rs b‘j comma (5).
Example s | Oukput
7> Prf‘a')i‘("Hello","HH") Hello H,'L
vy fvll-mame = "Ra]"
Hil Raj

>> Primt ( ”Hf!",j—qﬂ.ﬂﬂmc)

Escape Character

o There are illegal charac
For example; Simyle CIwae ('
(\) etes

* Escape c¢haracter is used print il
S‘l'rl"li)?o sy'zﬂfm(. 15 backslaghh before

\ ';Ifgﬂaj. ¢ haracter

E-:cazmble;
Iz = "He are "polytecluic” students,

9. Priot @)

Here, tuere are illegal clharacters (" ") in

ters 1 python thad are mever privted,
'), double quote (" "), backslash

egal chavacters i a
lleqal charaster« ie

lime 1, So tue

above code wall mot run end by thox f'T)JrerpreJrer will odicate

error « Thus problem can be Solved, by escape elharacter

e lo

x = "le are N Polyﬁzdwu'c \n S{'LLdaC?D’{:‘; ‘lr

ﬁEsw.be ¢ har ac’+€” T*/bﬁr Example, Output

. ')(_. = " ! ' " '
|, Single quofe \ 'J:\s 01“”9“2‘ Hs alright.
2. Back slash N\ % = "DWA D\A
3. New lime  \m = "Hﬂ”o\““)tuor‘o{!" Hﬁji‘,’d,
y. Cw”.qﬂe &Z'é’,,?y) \r of T "Hellp\rworld!. H;fl';?w,
5. Tab \ x = Hello 1y World!|  Hello World!
6. Backspace \y, = "Hello |y World) Hello: World!
7. Fovm feed ’
80 OC"'UL VQM
9. Hexa de cimal, Vol,u}’_‘




&"‘ﬂ Py‘ﬂmon Procjram
* Py thon s 1mterpretfer Tybe [:rogr'ammi-nﬂ softiare .
¢ Pyiton program files are called “scribts,

comn be rum 1 two odes —

N Pyﬂwh’) program™
D Iwterqchtve wnode
1) Script anode

Interactive Mode
Steps to run pythwon brogra'ms 2D Hus wnode are —

Step 1. Opernn comwmamd lime amol write python 3.1t il

d.fsble prompt a4 ==
Step &+ Mirite Hie codes after Hie prompt amnd. press
enter o It will run e code - For example;

>> 844 s> Priot ("Hello'") <
SN 7 > Hellg

Step 3. To exil Imteraqetive wode wnrite esst €2 or qw’#C)
amnd.  press emter(d.
Note : The main olemerit of mteractive wmode is Hiak fprogram
ie lost after exite 1t isused owly for t-p_sh'.m? of codes .

Scr‘l'bt MOdtﬁ
Steps to rum Pyﬁw'f) coede¢ aue cai'\fem belowy —

Step -1 Write the code jm o text edifor amd save the
file uit extension o Py for example if filevame is

xyz then  ffle mame yill be Xyz.f:y,

Step 2. Oben command line.

Step 3 On C?'«mma'nd, prompt- tirite pythorn 3 and flier

by Hwon seript {ile mame » {for- example bytion 3 xyz-pj.
Step-4 Press enter amd. 4 l,-{l'” run the pyHion
Script .

~




A

PyH.wn Touble
‘I pytom  ultiple items can be stored m o Simjla varidble.
« This set of wulhiple itemns is called, collection of datn.
* P\Ccordmﬂ to colleetion daiu,-hjbes (Proberties), variables jy

P thon are of j—gur types oue La'sthu‘ble, Set omd ZDr're,c-Im},,
* Their properties are given belon ; —

Collection Datn Wriffen 11| ProperHes Duplicaty,
~ tybe Itewns
l. List 6quare Brackets [ordered , chongable Yes
i L 1 . rodexed.

2. Tuple ° Rounded brackets| Drdered.s unchangabll  Yes
( ) or o brackets, indexed.
Curley bractets | Umdrdered , Unchangeshle
3- SQ"' é ? | Unimd{xt,d_'jqﬂb NO
L, :D"C'Homarj ~Same — ordﬂ?ii:’:;’?eable [ No
Te vple : !

— A tple is a collechon of wmultiple dafn. I fs used to
store wultiple items M @ Smgle variable ,

— Tople 15 ome of the four bybes vsed to store moltiple ffems.
Te ofher Hute are list, set, cb'cw'w'oma.r);.

-37'1)‘{71:&—- Tople is o comma Seperated list of valuet wriffen
inside rowsd brackets ¢ ) or o brackets.
Exomple; x = ('a','b', 'c' ! J¢) .y =(12,3,4,5),
— Properties
I Tople items are imdexed starhing from Lo].
[ =a,0l=b,BI-c, [3]-d ,1]-e |
2. Un changeable - 1de  canmef chamge » add or remove items,

%. Ordered. = ltems in q touple haye fixed orderand Coammot
be Clwn?ed. _



4. Daplicakes - Toples allow duplicale Velues . i iaiE B
Ex ; o = (’Q,' lbl 'C,','CL',_'B’;'QQ, \

l LR
Elamble Disblay outpbut Exomple Display Oufbuf
o —
le Em}n‘y 5.l Tuple udth ome B
Fuple x:() ( ) element w('a ') o)
Pﬂ"b)'t () Primt (X.) !
g : T = (') s mot teuples T
2. Tuple hovin i
' Titegers C(,2,3) gl w Caybiedi R | Print )
xt‘(ﬂlo3) ‘ ; PrnD't (_,en(')()) |5' ’
_ Print@) ,, Primt (maxﬂ’()) %:
3. Tople with ' Peint (Mi® &3)
™ixed dota C1,"Ra3", 34 ‘
X, = G'nRQJrrs.l‘) 17 ) 1 :;. I'D')Clﬁ')u'f)ﬂ
Primyt (20) . o = (h2,3)
Pri %o ) '
Zt. Nested tuble ”,ﬁ ( E{] 5
e ik R [123] Priwt Ok,
x = (Rag"f22], g : 3.4 ‘ i
(r,2,3),34] ‘ L3), .‘,1 |

Note ; Tople items can be owy cleto.  tHybe -“!fEf E?ﬂ’r@qu‘,
float , comblex etc.

Py'}'bwn :chjﬂo?f)wj_
Dictionary is a collecion of Ferns  Which 1
changeable and. do mot  allows duplicate

ordered. awmd

Syntax i I, ‘:chho*ncuy items are written ™ key Value bcur'
2 . Dictiomary is wWritlen m curley brackets {9
'd. lteme are saperated, by comwma, ‘

% - { "Nume,":"ﬁn_j' nCO“ege‘u "P hncﬂ- DOB D—OOG)
Primt @),



lv Items ' are referred by key mame . For example, — Pr'.”ﬂxﬁ';}amﬂ)
Oui'bui' ;_ "RQ]"
2. Ordered - ltems are O
after d.z'ch'o'naf] 15 createde
3- Chaﬂ?mb,e - e com Cl/baﬂgﬂp Q,ddar remove ;ILEW)S-
4. No dupliates - Dupheate items ave imvalid..
5. Dichonary tems cam be of avy dato, {—Ljpea

dered amd order cammot be chamjui

Example Disblay O utpul

le Emp dietion _
Priot ()
2., o= {'at, b2k
Priot (1)

g'a' X l,'b’:zi

2. 5m3te €lement

o= i) {,a,:,.}

Primt ()
b, - {1, b, s}
Primt [1en(x) 3
Print (ax (1) .
Prnt [(mim (W) &
Qberdors
o Operators ot used to berform operations on Valued,

o Python operators are  Arifhanehic Assigmment, ¢ omparisby),
logical Idenhty anembership and  briuuse,



1. Arithmehe - Operators

O perator Nawme Examble Output jvrl’.:b')g:,j
+ Adition x+y Print 64y) 8
= Substraction - | ,9%
* Molfipliealic 3 166666
/ Division %)Y |
/. Modulus(rewwimder) XY 2 7
R Expomentiation 2Ny 25
/1 Floor division /Y [
Precedence « **, *#,/, 7,7l ,+, = 0OF Hierarcluy,

2 . Assigmment Oberators
Operator Example  Bame 10

- X =0 X =5

t - xt=5 W=AAS

- = 1—75 A = AD

/= il % =3

fo= o Ah=S % - X5 Arttbmoetic

/o= K /=5 o = XIS Obu'ahon
Ass 1 qmments

**: %7"*:5 9(:1**5 |

' AR =5 XA 45

| = x| =5 =S

ik w =5 x = A8

>> = ~x >>5 x = X5 i 0

W L4 x = X <45



3. Compariso® Operafor

Operator Name Exomple

eclunl - ox ==Y

\

| = not Eﬂl"“l
S qr&a}ef Huan
ya Jess  thod n <Y
>

Qrea}tf' 'H/U-‘T) W >= j
or equal

-
-

< - _ less tawnonr %4_.—]
equak o

4. Loqical Operators .
O berator Description Example

P\N D Retusrns Hue W =5 ,
if both Primt (1> ARD <8

Statements
ore tru.

OR. Returns=fwue print (2 >3 oK % >8)
i} awny of the
Stotements 1S

+rue

NoT Retwrns folte NoT( x>3 and X <3)

it Hae resultis £ e
Frue awmd vice- Vs

True

5. lden ‘ny O perators

Operator Descrnption Example
, Retwrns tfrue if ‘
e both variable< howe o 18]

Sawne Ob]ect’

s not Re turns falto
1$ above condifion

is falie

o is moty



6. Membershup ope rator :
Example

Ob"BF‘O(Jror Degeription IO
o l?e Furns 'h”ue. = ;”fj
if ome value Is
1n  other
Mot 11 Retwrns false - % Hot oY
if above condihion
is falie
7. Bithyise  Operator
o perator Description € xample °§::35
. . 01l : \
+ ANE logie o toi_ | 1, % 4
- bmo.ry oor ' o
oR o ‘
I 'Oﬂi'c o1 7,0 ")(.,j
[
) o1l
A XOR ?oc}»c ; 6, %Aj
l'io
~/ NoT lpgrc ot)
7 100 Do e
LL Zero f-f” 'Ef’f XY
: olto
suft el 12 A L&D
> i
> Zero J(r'“ m?buL ol?g - 4 -
Sttt 00| =
Pyﬂuo'n A\W“ﬂ*{

Python array 15 Q shacial variable to store smultiple values.

Exomple —
(1 % = [l,?_,?),iu]
G.I) y = [ "PWJSltS " 'Clvemisfry " "Maﬂu.]



lnportant  Terms

value 10 on  errey.eq 11243 s phgolcs
' ‘\ '
of am element o

v Element - It 15 09

oure elements o
2. lndee - 118 the

\ I dex -
A\r‘raﬂ El Tm‘mf %077 :
V3 % [>]
I
) [o]
i Phwsics e
v (:mmfs'lrg |
TNatiy
sizotlar o hist but fhe baxrc

differemce 15
1 ourray are Same data +~jbﬂ5

laurge Humber of elexnents

and. bList

u) Elemefn-i’s
i>  Array 1s vseful  for’

Cownparision betueen Arrey

Arrgﬁ
l. Homogemeowt Sef ot elements.
2. Same doto. tybe elements o
3. "b’)desz)y s fcuf becawse D, "b’)ck)dr)? 1s slout elements

elements are strored 1™ we stored i olstant

st

lo Homogeﬂwm

2. Sowe or wnced cLaiuhjbc.s

Comtfiquowt IDeOrY locations o location
J

4. Supports arltematic oberahonN4. Do Not Supborts

5. Useful ror‘-lgn{igp gequene 5.ugeJuL fpr slorter
of elements. Sequence.,




A\d’vanf&?u of ercuj

fe Can handle yerj ,GPCJC

2. Me'fY)or] e‘j—fr‘u‘en% ‘
' s

3, Fautep calcuwlabion ano an ' ,

4, Diver<e function ality e supports differest funchons .

T)_zpeé O‘]C /\rra},s
0 - Dimmemnsional [_'j
| - Dimensiomnal [ ', 2'3':.1]
2- Dimensionok  [1,23.4]
[5,6/78]

datn sefs .

Creation of Arroy
R thon array car be cracked by two basic ®eftods

'-
L]

Ve lmborﬁnj,arrat( apocule or
2. lmporkmg  pyfhon Iibrary eq. 'znumf’y.
Cr‘eo.H-ng array —usfmg array snodule
Step -1 % fenport 'arrmj anpdule
Step -2+ Create the array bycooid |
o = ouray, array ("data hjbﬂu, [_—arro,(j elements])
(-> or any wickname for array module eg. arr

Ep{_qm,:)le,: C'"E.(Lt& dj"f-’» Ofro(—j I',Q_,'?),L, Cl'?f)d, djlsbfa\(]/
Code

|'af)}:~ori* o.rr‘aj au aer
%= arr, array (0" [12,3,4])

for T in rangelou);
brimt (%« [I]),

Output \
Dubt Note 5 to disbla:/ fwr!Zémquj wrrle Lode

|
Q. '
L3’ prot  (xri7ends" ")



Creabion of arroy vsimg numPy x
6+€b | . [mborf— -nuij aL MY L'e'f')

Step 2 ¢ Create the array 0sng code

Voriable - mawme = w0, axroy (C123,4])

Example ; Create array 112134 oamd d!sb'aj', Rt

Codes, ° lenport  TUmMpy oL )

'7(.. = NI, arra.j CE'JJ—13"1‘J)
print (2 j\ |

Arﬂumenf
1Do‘5k'g.;/ p D:lrSJLJ
Exomple } Create an arrey OS™f st % =[1,2,3,4] and
dJSF‘“Ly Y
Cooles I port DUmPy

A -array = UL - array G
brimt (. ofpa_y)
Display - Tvy2.3.4]
Excomple | A oldiHon of aurays
Coole ' l~nport '?Du'mbj
= [-'0213. Lf]

| = [5.67,1]
A-orray = DUumPy.orray (>)
§ - arrayiis Doy, array ()
Print (- array -t j_arra.j)
Diskley  [6,3,10,12]

Note ! Array  size must be same . v



__&ﬂ\lersinq Arpmj

be Usimﬂ re\rerﬂse,l)ﬁmchbn
~ It Js used f array wodule.

~ Bymtax | arrouy—mamne, Meverse )

Example ; fmport arr

«® = array. a,r'ra{,( i f’ 1,3,4])
2%, reverse( )
jor [ im romge (0,4)+
print (x[i]rend =" ")

Distlay |4 321,
2. Using NumP.j f‘lib(7j}u'nc'h'dn

= taxd .
i ip (mratj.-'name)

reversed, - arrey.mame = ﬂumPy-ﬁ

E'x,a-mple »
tanport mumﬂj

2 = NuUmMpy . array (o
g = mumpy - Hip(Y
Prt ()
Drsploy [ll R
3. Using NumPy Hipud C) function

-5\/10{'04-3( . ‘
freverse , a¥roy .mame = Wu’mbj-f"’btwl Caffay.mame)

Flipod wneams Hip upside - cdlown

2,3,4])

Example *  jpmport u mpy
A= DUMpY, arr‘a{{(ﬁ"mf‘ﬂ)
J 7 Dumpy, Hipud (0
print (y)
Disblay  [4 3217,



Ll. USi'ﬂ)g r\'UmPy arrey SIidmj
6y'v)’mx,

= @Iroy -
reversed - urrag—'ﬂ’)amﬁ @ f

noome [ —1]
Exocmble. . |
jmport DVTPY |
L = Mumpy » AT (Br2-34]
Y =2 -l

Primnt QJ
f_’Dl's}Jla)j EBQ.I]

Abbend  Arroy
G A\\G'Pemol. EANS aoldimg new elements 1% array s

o Append foncHon'Qddg mew. elements 1 arroy after last

elemenfe
° A\\opemd ]Luv)c{‘fon wmethods 1 NymPy are —

() Qpbend € ) function
) Cowmcatenate () funchion
@) Stack () function
(V) hstack O funchion
(v) VStack () function

Abbend. () function

Sy'nfux. apbemd{d. arr‘axj name, - fr)umpj CUPbGY)d» (arra,jl-

Name, array2 - Pame)

Example . import  mumMpy
= ‘numpja arrw(f‘ulz?e‘ﬂ)
q = D’)an{’y. Q_rralj(ﬂﬁ 607 8])
Z = mumpy. append. (%, y)
Print (2)
Display © [1,2,3.4,5.6,%8],



Comncatenate () method
Sywtax «

apbended. - array - mame = DUMPY + COD caitnai‘c(['arraglnmpc j arrey 2. namd)

Excammple import wumPy
2 = Numby, Oﬂ“a,:j(ﬂf)-'g' 47)
Y = mumpy, arrey ([5.6%3])
Z = umPye Lom cotenate (LY
Primnt (=)
Display ¢ [1,2.3,4.5:6,7 8]

Stack. € ) Method, ) - .
Syntax | appended. — ey - mame = WUWFy-ﬁfﬂthfmm{{'mQW;
amy‘)_-‘name.])

Example  Import HUmMpy
= 'D')UXﬂPj. Q_IMlj(_Dr)—!gaL"])
Y = muwmby -wra.!]Cﬁsfé'7r3]3

Z = WUW‘Y. SfQC"\ sz(j])

Print (2)
Disploy - (12 34]
K f[5 6137 ]

gtack ) metlod W
Syntax. ¢ appended —arroy- noame = ﬂuwjahﬁact(fwmyf.-

Mame. , arm(j 2- na mc‘])
l'mboﬁ Dum};j
A = H)UTYL{Jy. arroy (C1,2,3 H]J
Y = 'num/pj. arra_y C£5'6'7f3])

Z = Nompy. hstackd],Y])
Print ()

Dishley 1 [T 2345678



Vstack ¢ > method.
Sym‘fn'x :

Qabbe'ﬂ‘)d&d- = a_r‘rmj —_mawme = 'mu-m[;y.\fsfac k. C[fqrrm_j lmaq ¢, j w’“j 2’”""3)

jmport  ewmpy
o = DUMPy. Qrrey (Cn2,34%])
y = AWmpy. cwray ¢ [si6:%,8])
r 2 'znb‘mt)j.vshlcf’_ﬂﬁﬁﬂ)

Prnt (2)
:D;gb,mj . [E | 234]
[se73]]
For apbend odule other array funchions
I, Clear () Remove all. elesments
2.6 len C) Retursns mumber of element
3. COPY () Leturns a C_O(bj
4 Count () Returnis o. of elements With Sbec'}“d value
5. ExtendC) Add elements of a Iist fo te end of current Iist
6. |lmndex CJ Peturns Inndex ©f lst list
2 Insert() Add  element af Sbecific paosifion
3. pemove () Revnoves tHae tirst item
9. Sort () Sorks the Iist

Syntax Ist_mame. function-mame ( )

2 - Dimensional. Array
, lm python ,a 2-dimensional array 's an array of arrajte

e 14+ s aduauj a sel of "ulbple st or |I-D ourrays .

e 50, 0N array whoce elements are |- D arrays is called a
2D arrmj .

Ercomfole N /ID v 2D

% =[[h2,37,[4,56]]




e Jhe syntax 15
oc [0 = [1,243] x[i] =[5, 6]

« [o][o] = 4 x[¥][o] = 4

x [0][1] = 2 x[i][t] =5

K[o][2]~3 U c s

A\PP“Cw'ons of 2D arro4s | n

(D To represent odatn 1 tabular for™m,

@) To store datol in anadrix form.

GiD To represent grid of graphic s plouy simce screen Is o
qrid of pixelse !

Crealtiom of 2.D cuﬂmﬂ |
Fx-1,Create a 2D array contouning tuwo arroys wut Hae
v alues I, 2,3 and 4,56

Code i=nport 'BDUW\P_V
= Mumpy roy (B2 3, [1,5.6])
Print (@) ‘
Usimq auray () fumchion of Dumpy .
A ccessing elements of 2D curay

Ex-2 Print-Hie elements of &D oy o} exoomple !
Code. [ Import DuMpy
% = NUMPy. Orray (5,1,37.[‘1.506]) :
Prant (x[01) = [1,2,3], print( x[0T[oJF | , Prmt (slo]l]= 2
print (X[11) = [4,56], ot (X[[1[0] =4, Prwnt (x[I[T=5
Primt (X[0][2]3, Prmt ([[21=6.



bl

CGW)dzﬁoU)aL sfoﬂments
Combﬁmd chtements &Y vsed to do om o}aemhcm lf‘a

Condihon 1 Sah;ﬂd
.fg'r e xaniple -
T

j' 1YY e print 18 Iafgé!‘ 'number
print "% 1 synoller numbers

else

“Hore,
0) Gireater than () is called conditional. operaor and
(i) It s elée s called condifbmol statement

Condifiony, oberadors 0Je 3iven belon~

Optrator Meaning

I. Q== b ;5 QIZ(LOJ
92, ol = b 15 Mot Uluﬂl
) a Ch (¢ lgss than or equal
5: a>h 'Q 9MW o
6 ar:h lsqmwfh&horequal
7, AND botl, conditivns ove frue
80 O(‘ e ilar condrhon 4‘5 Frue
9, NT Condihipm ic pat true,
ondifional  statement

I |f |

2. Eli

3 |T-else

U, Short hand, f'f
5. Short Lond f-tse



1.t

If comdition is true, The?! do, ¢ise do moftizg.:

E(.' az5 b=% = < SRR
i b>as
primt (b s larger memberd
2. Elf
If He previous condition 15 ot tfrue. Wy next 0MC «
EY_,’ a:=5 b =5
'f bya
print ("b s greafer Hhan a’)
elit ao==b -
print ("o ewd b ore equal”)
3. l{-else
H_ condifion s true , olo operation 1, else do operation 2.
Ex -1 a:=-5 b=F
If ‘a>b’

Prnt ("0 1S larqer Humber ")

elge &
print ("b is levger nomber’)

Ex-2 o:=5 p=7

i bya:

Print ("b-is larger mumber”)
chf b=-a

print (" and a are egual
else

rint ("b is swmaller number")

L, Shothand i}
Used. when Hwre 1s only ome shutement
Cet If a>bi print ("o, is greater tHay p")
5. Stwort hand, if _else

One 'me statement
fx: a5 -7

prmf ("A\"J l.f‘ A>b elge prl'me'B”)




Conditional stafements With logical operafors
L AND
Ez a:=%, b=5,c¢c=10
't a>b and c>a .
brot (" both conditons are frue”)
2.0R |
Ex o=F b:=5 ¢€=lo
it a>b or asc:
brot ("at least ome conolitfion is true")

3. NOT
Ex a=5 b=7%
‘F mot a>b
primt ("ol /s mot greater than b'")



CUNIT-Q,
Pyﬂ’\tm Do and. While L oop

Loob ¢ — /\ |Oof> s a gfwtemmf or set Ojtsf'a,te'memﬁs
lluch e executed|rd® aoultiple hmes untl o qiveD

Comndihomn s Saﬁsﬁ'&d- '
The stotement or set of stotements 15 called body of
-Hflﬂ- IDOIDo
DO- )A"L”Q. loob

{ny computer lenquege

@ do- wmeams execute e bodlj
+e boo,/j unti/ a 9;\/62’) condifion

0 INlle- ™eods oxecufe
is frue else exit o

Flowchart

false

G-biC
Body o =Xt I Eit
Gremerad sintex. | strochue of do. wikule loop
do {

J/ stotements } Body
vibile (comdition)
o Python

Do. While loofIng
do. While loop amnd thue Is M0

e PyH»uOn does not lowre
construet defrmed for it

. Do_while loop workimg con be e xplagmed, 17 follouung Stes-
Q) Pum @ setof statements or body

Gi) Check a condition amd If condifiom s true, rud
Hie bocdy onam,




exit from the loope RIS

@I condition I's falre
rs ke roalile’ loop byt H‘:l's}

o lo  pyHwon, "o wlule” lTooP
run ot least omce. |

Example - | | N

7=1 o uwhput ;’D»‘s,b'la.j
Wlule 1460 I
. . 2
Primyt (&) -
=1+l o’
£MMple -2
o '
Lhdle Hwe * 93
ijm’r @) J
1= 24! 5
if (1>s)!
break

Breok Stolement

e n Pytion break shatement is used 4o break oud l‘;oreth a

.1+ ewts a loop even if looP comdrhom is -fme,:'
_E-_"‘_‘Eﬁl—e— Break. tae loop when 1 15 3 |
i=1 ‘
Lilgle (346! Disploy
s f = |
ot O 2
ri?) .
ioic’éﬂ R reak (I=3)

Conhmnue Statement |
ComHoUL statement 15 osed. to Jub astep 1m0 a loop.
i

_Examble lqmore if is 4 awnd cowhwue in loope.
) =0 | ;
ribile 346 D'f’"“ﬁ?’
(+:1 2
‘ 3
S5

] - =

Comtouwt print ()



fﬁs Stafement |
e Pasy  stotement 19 pseds ¢t & ptace holeler fOF tuo Purpoge-

O T, avoid compiladio
o. f‘Ld'UJ'E- COd/Q

n error

GD To vse
* When poy otatement 1S eiCCU+6d'f'U70MT)9 happens.
o |+ s pseod becorse empty code s oot oMowed In

‘00}95, j—umﬁom dfe:_ff‘o’)!.‘#'l‘OT)S, C,Cl,H d«e/f""b')i‘HOT)S or 1'63 lj‘

Statements .
o If empty code 15 vsed am erver oceurs and H owoid
Hnas  pa¥ code 15 vseds "
Escample - |
Jtor‘ L I [o,l,Z],’
loats
Example -2
a=-5 b-1*
f bra
Poss

OQ0Ps
ra 1S Ob]ech o hi ented. brogramm?'nﬂ Sysz‘vm.

. 00Ps full-f0
E 15 progra-mmi'ng anetlodology using objects.
. Elements of 00Ffs are ’

. clad

2. Object

2. Abstrachom

4. lIpheritance
5. Cneapsulation
61 Polymorphism
Fe Comsiructor




Four p.‘llou’s of OOPs Of¢ :
| . Abstractiom :
2. Encopswlation

D Ilmherifance
A . Rolywor phusm

Example of OOPs
|, PyHuwn
2. Java
30 RUby

4L, Jowascript
5. ¢ & ctt

b eseol programmimg lmngu.agu are ¢ —

6. PHP
. Cobol
8. Pearl

Clasgs *— It 15 @ collectionn of ob7gects . €9. "Student,

Objeci" « = It is amy‘fhh’)g ith an che'Bj‘H'fE/u eq. .'Qam':
Abstrachon s — It means disPloy only batre 1 formation
omnds hide the details ‘
Emcepsvladion : — It is wirapping op of duln awmnd wefliods
in a single um It
|nheritoamee ¢ — It is ome clau related auth  amnother
cloide

Polymorbw‘sm"— [t =wean< lowimng many forms. It s

oy fLLEOC.‘Ho'ﬂ or operator tJith more Haiaxn ove olefmitions.
Constructor ¢ — It is vsed 1o imtialize am objects,



Llass.

‘A clay is o collection ©of obgects ¢
« Clas 18 created 10 pyfhon using keguwrbl "Clavt"« The symfax,
s —
Class closs-mame
« Example = Create a clats having P6™e vstudent |

« Code clas student .
" Statemnents .i..

A class cannot be embfy ¢ Am eTn/P'l'y Clw car bc? ¢ reated

-

clau Student I
Pass

A clayt contuims variables called aﬂnbaiu/b"‘obﬂf‘hd 'WSidE{ it
. Excample t — Create a elar  howimg mame "student wufth
variobles (attributey) "mame” P "age".
* Code Class student :

nomL
oge

" apd 0 are Ha dle fault values of altributes mame
omol. a,ge, P |

" \!

0

Ob;lacf

e Am ob:/emL 15 callkd amn Imstamee oj a clatd e«

. For exomple, !f "student’ s a clan, fhen its obyects
can be "Student |, student 27 efc .

, The syotax +o creatt am object is

Object mame = clant-mame ()

M - C reate. o, clau lfww‘l'ng name " student” wd Ha

attributes "mame" amd, Of.ge" oand an ob]ed' nstudent Ie
Codt . Clay shudent
mname, = " "
age = O
Student | = .Sfudz(’?’)f' ()



°A\ v al cqvf)'be g'wen +o objec‘.‘f‘ amel, its athributes Qd—

Objeci‘__mame . a+h~|'bufe_'name = valuwe

5’0f‘ example
Student . mame = "Rawm"
studest 1. 0g9e = 20

« The obyects and thar attribute values Caw be accessed ag~

Studentl. mame - Ram" — to aceess mame athr’bute
Studentl, age ~ 20 o acced @je attribute
; Dishl
brimt (5tudewnt s mame) ‘;Zimuﬂ
brint (Studest!- oge) 20
Comstructor

* Comshructor is a fumction vsed. o create amol imifalize

" abgects” 1 a clay .
o | Shter wwords, comsiruetor is used. to fmstawtmte o bjects

n o class.
- Synitox of comstructor 1s —

def —— it ()-
e Roles oj' constroe tor

l. 1+ onust be mHamed
The j«irsf QJ"?UHT)E'Df' 2z US

ot - O)

2. t be "Self"for‘ eu(mple -
def —— imito - seP 3

%, It omust be defimed. imside a clay.
4. Cemstroctor cam howe any sumber of carquments or
poro.'meJrers . 9
def —— imit - - (selt hame, aqe)
Types of comnshructors

le Defawt Comsirvectors
2 . Non- paramefrized comstructor
3« Paramerized Comstruetors




DGM Coms’r'mdors
When we oo wmot okfme & comstructor function, It i's called

a default comstructors
Example ; class student

Create class ¢ reale

von a.Hribute
mamwme = :
Student 1 = Student () create oObject
student lemame = "Ram’ \alue atiribute
brint (student |, mame) access

:DJ.Sblﬂﬁ : Ram
No»- poramneferized. constructor

It comsists of owly ome argument "Self's

Example 5 lacc student * ,
def —— imit__ (self) | -

Self.mame = "Ram’
Self,age = 20

Student | = Student ()

Print ($tidest I, viame)
Primt (Student 1.a51e)
:D;.sb'wj : Qﬂm
20
Porawmenterized. Comstructon
. |t contaims parawmeters or attribules -
e The rf-lrsf cu“gumemf s fi>ed - le. "Self"
» The other arquments aure defrmed by p rograsonen,
Example | Clayt student !
def - imit . Cselfymame, age)
Self.mame = Mame
Self« age = oge

Student- [ = Stuolent (‘Ram',20)
Student 2= Student ¢Styam”,22)




Prisst (4" {stadent!.mame 3 Studeot l-aga}")
Print (f" {5&@&@*2'7?&'”76 }{ stuolent 2.age 37")

ehLdem‘F I = c.ShLoLE'Df'C )
Stuolen t 1. Dame = "Rom" i \

Code l Pa»n 260
Slz\jq'm 22

Create atrbule "enyame'’

" " aqe
" Objec'f’ and Toitalise Hiur
w  attribues eq-wame = Row | )

Accecs Hie object attributes .

| Leritawnce

el python, we camn USC Hiwe cooles of
o0 wmew clag. This is allecl o heritanee

o The e>usting clay 1< called boate clay or parent clam

or super clay, @ &5
!
e TTe wawn clagt s calted elerived. (rolerited) clay or child
clat or sSubclay r‘e-ﬁbech’v@hj.

an exishimg clay

1%

. 6y'6)+(1’l.
Class Paresit_ clad —nawme.:
H Bodlj B
CI&.;S clfblld.- C’Qﬂ-
s Bod,j i -name (Pevest- clay _vame)

Example ; H.""’E Codf’-" to creatr e paremt clags 'student’
and. clhild cla "Boys" (it empty code bocly .
Code | ‘

Clat 6 fudent -
Pass o f:g"'wiﬁ berent
Class Boys (Student) = 2,?5;% C:gﬁ&

POSS = emb_’_choL(



Eiaf’ﬂ_":_ Lpite code fo create ¢ parent clan "shident ez
cluld class '80]5' etith empty cooe bo'df/‘
H# creote porent

COoL\’_ .
Clay studest : 4 Emphy code
Pass + create child

class Bcud/l C‘SWM): + ngt’y' tode
Pass \ N

Benefits of imheritances
L. It provide real - world rel

2. 1t provides reusable COdzs wie. clom

CLHO'U)SLLU)JS.- i
4 eed 1o wrife Hie

SQ'DT).G co d«e. 0.3 Cu'tﬂ ’
tondable Prog raTming strvcture .

B. 14 provida simple amd: omders
| L., W is trawsitive. I} B inherits from A, Hiem all Hue sub
clogcer mnside B alto (5 herit fromA s

T}rl pes olf' '.T)WI"ILD.U) ce 1m ng)-b
I Sv’mgle. level 1 heritance ]
2. Mylh level 1o her) fance -‘ ild

D Hrerarchical i heritan ce |
Lf Mu!hble l,‘?f) MU'"IUT)CE Sl‘ﬁ)gie |€V'C, l'ﬂWH'n'z)cQ

_ ¢class A

[ClassA| [ClassP ] __cgfﬁ_l

Class B

mherifance  Multiple imk&rn’famu““ C

Hierarchical
Mulhlevel
I huari fomce

Fgmmble Proqrum
aoldi how » #= create parent class ‘addifion

def add (self,a,b) H# Create fumchon odd O3 +o
pPrint (o +b) + odd afb ‘
. and displ
Class do (addifion) s =H= Creale child classﬁ-'do{oay

Class

Paffo #H embpty code
mebbEf = ¢) a1 o . .

create objecfs=-70. !
mumbers. adol (5,3) I mn-;;m]:: ’ ”_) el

Output * 8 — imdent.



iﬂ’ﬁoﬂ 5 trimgs |
* Strimgs in pyfuon are array of chracters.for example -
Poly‘hec e  Acodemy
* Strmg M pytlon are W rithe
quotaion  wmarks « for esample

'Polyl-eclum'c /\mdxzzmj' or "Polytecluuc Aco(d/emﬁ" are Same,

+ A string Cam be clisplayed by printC ) funchion . e~

Primt ('Polyhzc&m'c Acaolemy ') | |

n Inside simgle or clouble,

o A\ 3#5’6)9 com be also qss:'g'ned to a varioble and prinfed,
Eq. = "Polytecluc Academj'
Primt (%) , |
: 81—,—1'75)9 can be AJ‘SHQH&( ow muli ple rones usi'ng qu_-ﬂhfrbn
2l S Eg )

% =  lolyfechiic Accuumj |

Patwa - 13"
Print (%)
Disploy Folyteclunic A\CCU«‘LEWW
 Pedva- 13

Strimg Methods
1. Replace )

It is vseol to replace clharacters by amo Huer ¢ lhuarectens
I a sﬁmﬁ.
Exomple jx:"Hello"
Prmt (L. replace ("Hello','y;"))
Privt (%, replace ('H', '7")
Print (x, replace ('L ™))

H @ — Tello —> Hevwnwno



2+ Join O
Joing - all Hae elements
Examplel ; TJorn oll Hre
H:‘—;' as 53‘7‘6"‘01’0(‘0
X : ('Qam','snqu',
%€ = ..ft.. jofﬂ(’t)

-Primnt ¢1) —> Rowm H 5[4{{'170 4+ Balram
ements of @ dichiomary

q a se perator,

of a stri®g VI
olements I a tuple vsIMg hasl,

' Badram)

Escample 25 Join el
A = {'name:ﬁam', 'age' ‘20}

v = HE.Jom )
disp» mome HFoje

Print (%)
3. Spiit C) .
_ ’ ]
1+ splits strgngs iDf0 substrimgt UsIMg Q s e perodtor.

Symtax ! sHrimg vours split ('seperator’)

E’)Lﬂmhlﬂ o = “HC”OE HOI"(L!H
Pt (2 - spht €3))
Display ¢ ['Hello’,' World ! ]

4, Reverse- reversed. € )
eV
I+ reverses Hae orokr of a list,

Example ¢ =« = ["a” "b",e,d"] Drspley
y = reverseo () %
from ZimY i g
Print (2
5. Opbercate - Upper ()

—

Sets string characters in caprtal letters,

Eumble o = "Hellg"

Primt (. vpber)
HELLO



6. Lowercate - lower$)

: letters.
Sets string charactells 17 small le

Exa'mble N "Hello"
Print (1 lower())

lhello
4. Count C) ,

Grives Hie wumber of Hhmes a ¢ houra

cler oOccurs IM a s%rfng.
Syntax b String, count ( Vale, start, end)

~ Stort awd end are optonal.
- Defaudt wvalue is gt posilion 4o end .

Exampl . A
Sramble 2 ="My state 15 Bihor [ I Jove Bihan"
Y = %, cowd ("Brlus")

Print (4)
7 - % scount ("Bihar', 10,20)

Priont &)
8. Fimd OO
It refwns the [position value .
syntuwss Sitrimg  find (" ¢ hara ctor')
Example o =" Liellp”
Yy = 2.« find (re"
Print (Y)
9. Length - lexy C)
It refwrns tue number of cheuacters im a 5+rf~n9r.
yotax : len (strim9) N
E’)'La f!g)lf ; ')C. - "HQ_HO NOY"OLL“

J = fem (x)
Primt (Y4)




-Eii-l:‘oﬂ FomcHon
Fumction : A fumction

s o block of codet or set of Stutements

Which anly rums Whe? it s 'called
, = "Hello"
Esc +0 = ‘
ample }:rml* Primt (1)
L\lorkl"ng ¢
A function i —

O takes mbuts,
Gi) do some ]‘U'J)C{'lb'n Cl?Dd,
Q') Petwrne or 9!\166 r‘eﬁd'f

Example :  Print ( "Hello) fakes the m[:ub "Hello" amel prints i1
on wmownitor.
Uses of funchom .
. To peoform a cerfum ﬁmcﬁona
2. To reuse Hwe block of codets e LIrite Hie cooles Once
and vse them many Hes .

Tybes of fumctions
l. Bwlt-in funchons or pre-defimed fumctions. eg fon'm‘()
0 . User defimed funchone

_Bur'lf"“ﬂ functions
Buwlt - 1m funchons are pre- d,efmcd fumchons  f O0Fs bated
[orogr‘ammmg ﬂm’)gunﬂt;s,
Pritwn  budt-Iv funchons are -

atos C) b () Collable ' delatter () evalC)
oJl C) ’)00’() Clwr C) dle () el’(’.Cc)
omy C) by learray t)  Compile) iy ) fitker ()
aceiil) byles () complex () clirmod ()  Hoat ()

format()



ld¢ ) next() | Blicel)

fotte € helpU) | el
“gsei b‘euu hex U iwmput0) P i S;-:eflf’
a‘ \
i () 1nt) "‘Ub'fs(()) ot
'rh C)) :))?:() iferC) fybe Sube,r](}
sk ( - L6 )be
Y‘omge,() |

Descripton |
| absolute value o} a numben

l. abs () - retwns
Fot - % = abs (3t57])
primt ()
L outpwtt 5-83095 e
2. all () - Returns +rue 1f alt e elements In an
iterable list, +uple , ouc HO””]’ shﬁfmg e te) aue fTLIT«‘%,
O thertiise returag folse, |
X = [’.1;3]
y : oll ¢x)

Print ty)

\,

Olp 5 True '

2. Amy (- Retwns true jf any yhem 10 an | Ferable
re +rue, otherwise refurnc false. it

L, ascii O) - Retwne  agerf valwe americab s fand ard
cooe for imformetion, 1 cheuge |

5. bin () - Retuns Hae bw'ﬂonrj volue,

6. bool () - Retutrns boolean value

7. Complex ()~ Retuwrns a complex 1y be{n

g, divmocd ()- refurng Hie Tremodnoler amnd quoh'mo'f of @
Adtvisfom ,

9, flter ) - filtere ifems 1o om fan i Ferable ,

1o. Hoot () - returns o f’foo.h‘aoq boint Dumber,



We beipo) - returms ottt
'l'o lhex () - retwns hemdfecl"md- volue O.f_ a‘mumber\,

1B, lpoput() * Olows wger roputs

14, it () - Retwms imfegen valne
ex.. A= ot (D °5)
Print @) Owputi 3
15 lem (3 = Retwns Jength te. mumben of rfems.

ex % = [a'y'b,'c']
Y= len (1)
Priart (Y) putput 10

6. Max() r petums He lorget number/item.

Ex. X = Tax (S,10)
print (x) output; 10

17, minc) = retuns Hw smallest ifemn ,
G, = min(slo)
P{‘l"ﬂ‘f CD() OUJ‘fDU«f; 5—

I8, Octl) - Retwrms the opetal vealwe

19: Pow() = Returme He volue of Y
Ex - X = Power( t,3)

Print & ovtput § 45 = gy
:Lpe rangel) - preates q sequence o f Humbers sfnrh*aggfmmoe
X = raonge (6) o
foon mm x! Outpuwt 2
Print (m) E
: 3

21 Reversed, ) = Reverses Hae order of iteme 1 an iterable

29 . Round. () - Founds o HUMmbey .
o = round (5:.76543,2)

privt ) - outhut- 5F7
2.%. Sorted, () - Retwns a Sorted Iisf o St
% =(Cha b)) Y = gorfed (x) 1 Print(y) owtbut & &b,



ﬁiﬁimem’r 1 a funchion

s '\"c_]ummk IS ;mf.ormah'on Wf

& MUIH#’C w?umen'f's can be Wr‘f'H’En

Comma}, N
* E‘x,qm}ale,' )
d&]’.- ‘f—unC'HO'n.. ! C) A
privnt CHello”)

pr‘i’xﬁ- (mame 4+ " Sn‘r"j

{- /\—njumenf
def - funchon _2 (name)

itten imside paresn Hiesa or bmcéd-s(j',,

by seperattag Hem Wik,

H Creakefn- |
#  f ) funchon
H Creatafn.2
H Fm-2 f‘LLT)CHon

funchon_ 1 () Di's ploy

Funchon - 745"%/“’”) Hello

punchon- 3 ( Vikath) smjomsfn
Vikath Sir

L_Ombd-(l, F'onc-l—,‘oy)y |
e A lambda funchon 1s a small anony moud funchiom .

A omy TOOW THEaNS i+ hae 0o mame o

¢ Cowmparison betuten lambda funchom awd general ftb”\hCHm.
@ lombda funchon hat wo wame , fe it s amomyToul ¢
@) |t contutms 0, or mmore argwmen%s I ke gcne,rn,!,f—umh’o:ns.
@i 1+ comtuns ovly 0ne shatement or expression 1 flie body,
« Syntax anol shructure
Fined.
L ambda

ysu yser

Q.f‘ﬂ(l.meﬂ')}'S S E'Xbrﬂggfo'n

Here, @) lam bda - IS kEAjcu-orc/

(i) I\rgumenf = Oy | .or more. parametere
ec‘j. %A Y Dame , agc,“..
i) Expression - the glatement on booly g X 1Y

> functons 4
Lp u:ilf K> Ueered I Gremeral

Dd’fﬂﬂd |, LD»W\-bd—O(()\)I.




Eocamp Ie -
e 2= lambda s Primt ("He”o'j Display ¢ Hello

% ()
. o = lombola mome i PrDF {(mam9) |
2% ( "Hello") Drsploy + Helle

3. % = lamboln aiot!O :_Disfﬂouj: 15

print (> (5)
L. ~ = lambda a,btath .
priwmt (%(5.6)) Disploy: 1/

5. % = lambda a;b ¢ { atbte
print (¢ (1, 2,3)) Display €

Uses of lambda function

— To defime a simgle stotemment funchon

— 1+ camn be pseol at an argument im another fuochon.

— It is sbecially vsed with f/u'gLVU‘--OroLgrfumclhbr)S;
eq. filter O, wap () , redvcel ) efc.

A dwanfoges
l« Simmple ond Co*{nbdcf' structure
[+ rups as Soom at it is olefimed called IIFE (immed&&ely

[nvoked. Funchiomn  execuwtion)
5 -t canm be as oan arqument ju other fonchHong.

Q_G

Dri's odvontoges

l. 1+ rums o®ly one exprescion ,




MT"S "Cloud. Feotures "

~Cloud, compting |

* Clood, is dg,j;mtd, ar o 3lobal mefwork of servers. cloud i
Mot a P'*{j'&“cai 'H/Limgn ;

) CbUdJ Combuh‘m? IS oLe,ﬁ"o')uL as a system Wluely provides
Com})uh‘mg services over the imnternet.

* The compoutimg services ore —
O To store and ranage ot
@) Ron Applications
U Deliver content

) Servicea such ou gtreamimng viokos, web mail, social media, efe.
W) loT services

Bewnefits of cloud compubingt + T

l. Low cost - No Lwardware or soffuware requived

2+ High speed services - A larger mumber of computing serviced,
provided 1 wmimuted .

5. Gilobal Scale - Delivers r:giu” amount of datn awnd, owly
pdhen requrred .

L. Increated brod.uchif}f - Mawn ](ocu_s‘ is o 1mportawnt ?oo_Lg,

5. Beller Reliability - ‘Datax backup , disbster recovery efe.

Gs Secuwity - brotectvn of data -

T;bes of cloud cOmbwﬁ'ﬁ’)g'o""

|. Platjorm at o services » (Paas)

2 . Soffware ar a service. (Saas)

3. lmffasﬁucfum ast o service - (laas)

4. Public cloud. - clowol servicet for e public.

5. Private cloud - Clouds servicet {of private me twork inside a
buwilding

6. Hybrid cloud.- I+ shares cloud services between public & privabe

Metuorks.
. Community cloud - Shares cloud services behueen 0 rg 0ruzatiy

eg' QOV’ i")S'h‘fUh‘O‘a),




IET— ¢ loud:

lOT C‘OLLCL ’S a |
OT brojﬂt+5

pllajjto‘r*m +o Crto‘lﬁﬁ,fm%aa

L loud computing
‘ ad U‘af{""
oand wnowitor | o am €5

. ERT4 1 Yos
Sowe  popular foT c loud. compuh®g PlafformS

. /\'mazon Web Serviced “\"JS)

2 . Microsoft Azure

S 1B Watsom

ak Groogle. loT platforsn

5. Oracle loT

6. Cisco loT cloud. covmect

Bewmefits of cloud 1% loT

1. ch,la_bih'fy
- It {5 the bigqgest bewefit.
e Without loT clowdl, opscoling
. Hardware
. Set up e cOnﬁguf‘aﬁb?’)
i) ot of Hme amd money

V). Heowy niamibenamce
e These  problesns oure elimin
cloud space amol Dcreasing
» Sl'm,‘lafy, dnwmscah'fn? con also be done .

2., Daito MOb""""Y
e The doto stored 6w cloud server cam be vsed ai‘amj blace.
. Same loT abplications oue swmart factories, cudvmahe
cars, sewior wLhuworkt, smmart cardt, swsart phones,
gwnart watebes elc.
e lol cloud allbuy to Tamage. , procese, avalyze’ and updale
Hie data omol devices resmotely and i real e .
* 16T clouol provider real +Hwe data accedd.

Qf loT wmetworks 'A:"“‘l“"’”e&,“

odeo, by sirmbly USI'B‘)g Tore
Hie storauge caJ:acHy.




T TN amAN

%ﬂy | Reliabihty R

e \ 3 R . (j/ﬁ
Doata, SeCLu-H’y s amain 15°
'‘ablé —

‘l'U') ’OT SYS{;EmS e

* 1oT cloud Irovidet e
0) Au thewnticahio® and
(). Eocry ption
A'\Cosf- effectivenecs
*Cloud storage expemse Ccomes under operaling expense .,
* O . premise  storage is capitol expenses |
° On - premise petwork requires qreater investoent for harduaye,

anauntenance and 1T Solwh'O‘DSv
* |oT cloud. service providers hove
owr weed,s
5. Less Hwme-+o-markef
I+  dakes less time amd effort o setup loT system amd.

olso lowers the overall cost s
Types of eloud

(. Public Cloud

o [+ 5 creafed for opbem vse by
¢ Public cloud \of‘ovicL gerviceés j‘ov‘
e 14 is useful for big mfrastrocture  loT systems .

. |+ Pprovidet redyced capitad cost amd operational cost.

o )t s wused b)/ e dv cational. 10 s hFudtons, i dustries, qov- [ wys triution

busmeSS’gém or e,r)fwbrfSGS ond, is Dpen f‘OF‘ adl .

9 . Private Cloud. ' |
e[+ is Created for o clubrve (Privet) we by a 53’6)716 oryammﬁ'mo.

o1t is Used by institutions, jxndustriet, busimess , enterprised:
aznd. 15 wmeant for private we by Hae employees omly-

o H7 brid. C'ou.li,

pes Tuo or mnore fprivale, Communi ty or public cloudg-

Hexble Plans 1o sat

Hae, public
amyome oM Hie intermet.

e |1 combl

. It wmay also combme on- presise (o frastructuwe and b vak

cloud ‘based services-



QL‘M Services P
L

: S0as |
e SCLQ,S stomols :f‘t\l" SOW ar O servTce. ‘
* It s alo Lo Q8 clowol abb"‘CdﬁOﬂ gervices o
It is wmost commonly vsech servicete
* Saafp br‘ovfdes mr)ly cxbb“cﬂﬁbﬂ (‘lpp)
‘The apps run oUrecHy H«u‘ougb a web
Yo downloard 0nd: imstall o
* Responsibilifies of €SP insaas &
Ubodaton and i'nfr‘asfrUChU"G‘
* Bumple of Saas provioles's—
Groog le Workppace Drop box , salesforce
C lrac teristics -
o Mamnoged from) a cantuodh ocadtion -

e Hosteol on o rewmofe server:
* Accessed own mternet.

. Ucer mot responsible for hardwaore or §oftware wpdate «
Aobx/anhzuye/g

e Sowes e awnd nomey o Mstally WOnagE amd upgraode Softwae.
A bpl'cations
| o Stout — Ups OF samall componie

9. Blw rt-term projects
5. Less meed apphcation €9 tax software .
2.Paa$
o Pass Stands for Plodform as o gervice »
s (+ (5 also Enonn ar cloutl, Platform service

o It proyides Hwe uUsers a plodform to developor create a
Softfurare .

€ Luoracteristices

1, Easy to scale esm up or scale-down resowcet .

2. Provides a vourely of Serviced o

3. Switoble for users who want to develop costomized
abplicationg.

fo Hie USEr.
porttal omd 0 need

o Software CO® ol ™ aintan

cisco Heb-ex.




A‘dvanhges
le Simple amd cost~ effective fo oevelop apbe
R+  Scodable

Li Wit hons

le Dok Securi '
2. Problem of iﬂmmqmﬁon of databosesewiflh Web services,

3. Rumhme errors
Excample)

1. AWNS Eloukc Beamstulk
2. Microsof t A=ure

B Heroku
L. Force. cown

5. Guoogle Applicahon Eogio , T s b
6. Openshifte

'5-10.0,5 |

e Taas Standi for ln frashru ctre - @3 - Ou- Service » |

. Ib is alto kown @l clowd iﬂfmshwchlf& Servi e ‘

. H provics Imfrastrochue fo the gser or develo per Such ay
dodo. stvres, servers, datn centres amel metutor Kng «

* Examples of laas are Connechmﬂ cars, wearobles T\/s,
Synartphones , fitoess devices , robots, ATM ¢ efe\

C hayracteris frics

[+ Resource owedlable 1 fle service ,

2. Cost depends om consomption s

LY H;'qw;j Scodable

4, Complete contro) of IMmfrastr uchure .

5. Dywmamic and -flewble,

Adwantages

L Most Hexible.
2« Hardware cost accorob"og to need. .

3. Users hawve full control of infrastrocfuwre.




hoHiguy Bealable | iy

&S Proviolers
I bfq;'fuf, Ocean
Qe Limyode
3. PRgekspace
b, AWS
5. CiscoMeta cloud
6. Microgoft Azure
k) Cnoocjle compule emqime (GCE)
Cloud. Cowmmechvity
Cloud COimnechi'ﬁj represents an Moternet Connechion betueer o
private metwork. and a public clousd »

_I;bes of cloud COmr)ecH\/i'Fy;

). Using Public loternet |
It is comvenhonal tybe cloudl conmcﬁ'w’l‘j by simply “my
bublic 1mfernet . ‘

J1t is cheap buk having following o(t'sadz\/amn?a o

)P 5eccm'+y is oot qood

i), Higher Lafency .

H')- Less th'ab”:'WLY

)., Lower Mough[owf

V). Poor cloud performance

v It can be of two tybar;

() Public Internet Baged - oternet ool cloudl service
both share Hu bane widt, .

i) Public infernet and cloud prioritisation - o part of
band width isreserved for cloud service :
i), Direct cloud, mtferset

o |t Pproyides dtrect end.-fo- omd. brivate amd oled cated ¢loud

conmechvitye

o 1t is modern Fybe and, ha followsing adanhoges,; —




() Better Security X
@) Low Latemty |
(ii) More Reliable
W Higher Thurough Put
W) Cost effechive
@) Grood performanmce i
¢ Erompler of Servite Pproviders —
l. Amezom - AWS direct contact |
2. Guoogle cloud dedicated jrtercommect |
3. Microsoft- Azwe Excpress Route |
°* |t can be of'(-ououu'*ng Hybpes -
0, Directly cHwrmet elowd, commect - diedicated coma;'egm,'qy
Via. ethernet .
(1Y) Wowe Cloud. commect - odvo called optrical or Wavelengtts eloud

covoect o
([ii) MPLS VPN cloud commect - wouth-protocol Label, swiﬁ:l/u"a'y

Virtual Private Network
@) SD WAN clowd commect soffware elefimed WAN,

Dot Storage oD ¢ louwol
‘Dot storage bm cloud called cloud. storage.
. 1t is @ wode of computer dedn storoge fm which digital
dato, is stored om servérs.
e ¢ loud .sfvaf‘a.ge, provides - Sfore. data, accey Olaiaﬁwmrungcddhlo
. Advastage ;

le No meeodl of own oofa cenfre

2o Lowt T™Movime cost

2. Scalable eagy to scale wp orscale oloarr
L. Securi

5. Flewible -lww to store amd
S access d&

o Disadvontoges ) .
l. Lq’re.'xmy Problem - e, 1o Sloin 19 termet-
2. Datn ™Manage control Hwitations .

% . ‘No Imternet ™Mo data .




* Moder of Clopd, OToroge s
le Public - Dado s stored i CSPs Server.
2. Private - Data. Is storcol m USers dato. centre |
De Hybrid - M of public and private ¢loud 5+Dfa_3e.
&. Myltclowd,- Doda i1s stored 19 more Haow one CsP's Bervers,
» Types of cloud. ¢tornge y— |
[ Ob]ecf e Lach place of oladto isan object omo stores i+ 4

bawlier s o |
l.Lgleeé O rqamizel dato i fles anel folders,
Z. Block ; Organizel oato. (9 block - swifable J‘UWL“‘”]'? Vvolume

of olatoe
A\r‘ A om0

* Ardwimo s am 0pen source blatform of electronic embedded,
System projects. |
e Arduwimo olesigns amel T anufachures wicrocontroller bated
electronic boawrds omd ifs software .
« Ardwimo features cues
(1) S'l-r‘ou'c]l/d- - forwaud desiqn
(V) Simnple and powerfud
@) Design owccordimg o wser s meeel
(v) Useful for students and professionals .
(v) Do wot eed wnuckh techuieal knokiled e
« Abplicahons

1- smort lromet

2. Public Ohlity Aatomalion
D. loT

2y, Defence (Raolors )

5. Medicod

6. Jlaboredories

7. Aerospace

8. RAuwhwmmakic Velucle control,



|'gHﬁ| /e ParL

Arduino Archi decture F‘/é l
............... )
O Poriel

Ardusno boords are of <8 = ot

diffwent Hypes,suchat” Por’

l. Arduwmno UNO J EA?THELWWCQQJ@
Her I

2. Lly Po.ol Jack] = ]
3. Red board b
. do Coider Subbly Moo Lo
4, Arouwimo Leo® pwtpuwt 4 N pufq Pasts

5. Arduino Mega peset AmS
6. Arduino Shitd

Arclatecture of Arouuno board ot
. Use Port 5— To commect ourdio board, ith computer.

— 1+ is used o provide poner supplys
~Also progmwming of Ardwno board.

K. Popyer TJack —To provide bower supbly OUT'(’C‘HY from Ac
Power out fef USI"ZDfi an Ac¢ H+o DC adaptor,
2. Micro controller - Microcontrolar is an single clip

COE’ﬁ‘bdfg,r‘. I im-}pﬂmj—u CPU, v®emory omr)o(,‘ I/O ;fn‘q sgqnﬁf,g
clipe I+ Is the htart of embedded project. Ardutno

gged A,Tmaﬂm series of ynrcro confrollers of P{TMEL Combﬂh)/o
L. Digital T/o Ports ~ To covmect dligital mpat and output
o 4o Hue, OJ"CLLU.F‘DO boafd_,-eq. GP\/"f-GL]I dl‘gl"/'a.l‘ SEeNSOre y

devi
fED D¢ otors etc. |
5 p\nm? 1o put por{-s - To comnmnect Q'ﬁ)aj,og o put devices

eq. cmaloy 5ensorye
6. lower Supply 8 Rest prns = To reset the board awol to
ply to e xlermold compo ments .

provide Pouer sup
nemit data (Tx)s

7. LED imdicadors - for powier om, fra
Receive dato (Rx) .



_Froqramming of Ardurno

Steps of bro?rammfmﬂ,'-— - ’-l

I Dowmload amd msfull prouio IDE software i Co”‘bukn\
9. opto Orduimo IDE i combuier. :
3. Compect Arolwino bOa}o( to computer via, UsB cable.
Ly Select the board, 1% Arduwimo IDE.
5. Seleet owr suval port to which Arduwimo board is
Copme cted, To the computer,
6. Writ the program i Ardwmno IDE, an AJ‘OLLL"W) prograan
s called  skefeh
7. Upload the proqram o Ardumo board .
~Ardwmo IDE
s TDE - lmhqra}wl Development Envirooment
v 1+ 15 ewvadloble om WKL ordwno.cc .
o Arduino programs or codes are created i Arduing D6 -
o Ardwino coder are calleol Skefch -
 Ardwno codet are baseol b C[Ctt
¢ Arduino (DE is wrilfen or created: azing"]g\/a':
¥Ro,sP berry Pr
+ Ragpberry P 1< @ compuling and oUgith tecluaology blabform.
o |F is of Raspberry foundation - a 0K based charify MisSIoN ,
e Raspberry B 1s o low cost credit card size swmell simgle
boatrd computer (SBc),
. The Raspberry P boards owaildble arei=
0, Ro«.&’)berr)/ P i 2619
(f!) Rasp bery Pi 2
(171) pmbberry P’ Zerg
(\/) Qaﬂ,bberyy Pr 3
(W  Reupberry P4
i) Ragp berry Preo
o Featwres of Raspbery Proare ) —
I GrPTO Pins - Giemerak Purpose Zo @GP0 s to conpect gemgry

a ctuators and, motors ete,
2. Low  Poner comsumption,




B. 05 supbort - Raskbian, Hour Ubumtu, I imdors 10, (0T core.,
L. Compact size eq.- Q56 X544 x [T c,

S . Video oawnd. qm}awhs sup port. o

6. Lireless commechivity = WiFT bluetloolh suwitable for loT aollic afiory.

F. Expandable - .SUL.Pbor”f” {or externold wricro SD ecoureds QSR pen
drives exdernal tarol olisc olrive.

* Archrte cture e

le CPY % — 22 bit fprocessor _
c owwonly used, 1= wnobiles . | jé —
— crPuU] GiPU S
‘ G1Plo
E mi

' |

D Mcmory — I8 RAM
sSD Comn esro

Ly, Mrcro €D couol = To sHore ceuol eroclule '
05 and user oato. 00— - —— — — - == — _

S. GiPT0 Pros — To commect sewmsors, L€D's, actuadors ssrotorsete,
G. H DMI -— Hrqh olefimrhon wredio Iopud .
+. ZDa'sbla.y -  eq. a wonifor
8 . EHwmet » USB ports , Power supbly ondl Cewner srodule
e APPblications

l o Educatiory — [ sclwol and coll@gges to emporyer fearni

|

2 . PO :— Gurapluc broce}(’iznﬁr
Uit to play HD Video £ video

govn)ex °

- — - W o e -

-— e

- e e o - -

. 9
of com puting .

2+ Swart bhwme aulovmaton — To comtrol tioan apbliances "‘«u‘ouglw,
STonart? [pPtione -

B‘ MCLJJQ Cenytres - Usi‘a‘)q GfuU 1o ”loty HD violeo .

Li. ToT Intermedt O 'ﬂ'u"a’)g,( —_ (Jsh’)g INireless commnecHron & Semsory
1o moimh:vf femperodure axnel hunu'clity -

s. G'za'r*rum?

and. drones operade Hurougly s wart plney,



& chmqm'mi'r)q
progr\ommi'm] lcmgaa?{, are mOSHY USeo( fur‘ meberry Py ore,—
l+ Scrateh - 1tis a Hock based ngmm’“‘ﬂj‘ language.

Q. py‘l’hoﬂ - VUstmg Python (DE, It 1S a poweful, ,.qnth.gﬁ,
C or C1t objec+ oriented Proqrammin?

Q. Clett -
lomguagel'

EDE = i'm*‘e,gmh,ol 'Dweln.rmenf Evn\/ironmenf]



UNIT -4
~Netgorking and, Applo’c.a,homl

Ne'l‘klork ‘— A anetuon is a collechon of two or more objects
;lzwat o.r: linked, ogethe” for a purbose «-E.q. Commumication.

Wired Nehuork -
o IWired, wnetwork
via, cables:

. "N‘“\Qd," Q_C{uajhj means
« The caobles osed 1P wired mefuwork can be  twusted - pair cable,

al coble ovr ophecal fibre cable (OFC).
f computers Fz> LAN

t o metwork 1M which devices are conmected,

"Via cables’s

co-oxd

« Example - Frermet- A wired Bnetwork o

Short-ramnge W ireless metwork

e LWireless metwork 15 ametuork in whicl, commeching mediom
between odevices tn air, ‘ A
¢ The. devices communicate H/\roug‘ﬂ EM wWoawes or rnodio nayves

or |\‘c_]lz\t -visible or R .
o Short range wireless wetworks oue wureless nehuorks h,cwiz)ﬂ

ramge 1M wmetres

« Examples -
1. B8LE - Rluetoots Lows E'me,rg‘{ 05-30 ™)

2 . Zig Bee (10-100)

3. RFID -Radio Frequency Idenh Hcaltom (wo‘mg)

L. NFE - Nean Fild Commounication (10em=-1m)

5-c LDQCL'/JAN' L,OL@- BQ‘T)?E Lh'd,e, Arm Neh-U.Drh

6. Z-Llowe = B0m (indoors). 100 m (owttloors)
M2M comwunication ‘

e M2M stunds for machime-to- machime,

o MM refers +o a commected metwork of machimes such

ags home appliances, smart ameters, ATMs, \/emdi‘ng
maclines ete, i |




« MoM s a subset of loTs The mew Dame of Man i lioT,

MoM s SyNOMYMOUs ete, e I

. "n M2M  commuwication, tuo machives communicate z'.e‘

exclz\a”ﬂﬂe oatn, without bwmamn mteraction. - f‘j-]<

e The burpose of M2M communicolion s 1

@) datn exchamge -t
() rewote momifvri'zng omnd.  comtrol

[ , N ’ . .
M M2M, machinet Moy commumicate Via wired or .
wuvreless means. |
) \ . . ' [ -
Wired, ameans - tulsted, pair wire, co-axal’ cable or
pbowWer |ines. |

e llireless wmeams - wireless mehuork. €g. cellulor wobile
nefwork |, LG ete, |

Abklicathon :
l. \/eol.t"zr)q machines - send i“’ve”’forj Peboff-
2.. ATMs - ﬂef wmessage 4o oligpense cash

3. |lmdushiol felemodics €g smart meters,
4, Momu_[‘acﬁwimg imolus#j
S, Home a ppbliamces €4. l«laskhr)g anaclumnes
6. Healtl.coure device momagement |
F. Smot U'Hlijrf/ 'mama,ﬂemew‘r

M2 M 10T

b, s reloted. 1o ma clumes, | 1 [Fis r‘e,lufgd y evgyﬂu’ny.

2. Ho'moge'zr)eoul .le H/\imgzs D He'i'e,rogeﬁnedu;! » 06 \/cm'ﬁy
are amaclume ownly of Hings.

3. Bmphasis s ore o bhardwae F. 0® Softutove

4 -G1e'd>em1bj p<es om plemise L. eloud storage

dodn storaqe
6. Protocols bsedk - ziqbee, 6. HTTP, MQTT ete.

bluetooth , 7nodbut € Fea




b

_Cellgloy MNehuarks—~

* Cellulayr wmetwork provide lomg-range wtire less commumbtiyy, .

* Cellolar wmehuork shahuards e 261,36y, 4G ands5 G - Thege
are called gc*ner‘ah'oms of stawmdards of mobile teleplone .

dordt fe. Mot wsed. mowe

Note ¢ Sowne lo'ng-'f‘a'nﬂe wurgless communicatiory ¢ tosdords

wade especially for loT are NB IoT omel LTE-M.

» A cellular setwork i1s a mnetwork. of cells of mnaﬂonal ghape.

«Cellplar metwork provides commumicalion by oLéw‘oUnj; a,
'jwqmb'f\ic area 1N o 'n.uzrnber of cells.

e 26 and 36 are legqacy staw

Giemerations of Cellular mehwuorks
* The Hrst ireless communication waos oone by marconi
in 1395,

e Cellwlar wnobile commumicabion waot invenled, f’n 1947 &
commerciol vse storteod i 197/,

1_6—, (st qemg,rah'ovr) cellulor +eclfwuolo?:r>

¢ |G storted first im 1979 in Japan o

e It war am mfun,locj f-ecbwwlo?y.

e It war vsed forowly voice commumicakion.
¢ [Frequemcy band - 8o0 MHz [900 MH, _
¢ Demerits

@) Poor veice qualify

()  Poor battery “life

(i) louge size wmobile plwne

OV) Less $e cun'-}y '

V) Limnited Coveroge area,
i) No r‘ocun'mg :



2.61 (2md qemerotion)

e 26 storted i 199! M Hwland «

° Mam featwres | —
O I+ war o d.t'gil'n.ﬂ techurolgy *

) It provided SMS service-
i) Qoocmmcj faciliby

(V) Iwcreased security 1-e emcry ption .

V) lntermet ;fn.C!M‘f/

e Communication stomndards veed « —
Gi8M - Gilobal System for mnobile
CDMA- Code Divisiom MuHipe access

-[-reque:ncv bands yced-—

900 MHz | 1800 MHz [ 1900™MH2
e Av. Dato speed - 100 kbps :o.lm5§5
B6r (ard qezne,r*ab'on)‘ ;

e 361 started iw Ewope awd Tapawm in2001 & 2002 feshe
e |t strtd n lndia on I Dec, 2008 I?IMTNL.

e Mw'ﬂ j‘MU’U
1. Mu\\‘l’mﬂol-‘a- 1 audio

9 . WiFi, video
S. Moaps anol 'nav:'ga,h'on

o Covrm wnicodion S tandauros —
i. GisM

video amd image dou_mfoad.fng.

co“ﬂ)"ﬁ r'er)cmf] ancl voi ce da:fn serv:"ce-

. GipRS - Gremeral Pockel Rodio Service (2456)

e

. Average data speed 3Mbps.

£ DGE - Enhonced dota refer for TrsM eVoluhozD(Q't‘SCE)



—~L|G1 (41 Greneration)
o 46 storted im 20!l

°* M feahues
() Mobile imternet access and smart plune .
(1) Teleplhome over imternet
i) High Defimition (HD)MO‘D"/G TV
(v Ownhme Gumuing.
(V)  Video Comferen CI"D?
* Frequency bands

2.100MH2./ 1300 MH=| 850 MHz g60MH2 [2300 MHz | 2500MHz
* VoITE - Voice Over LTE
* 467 Shanolourd

WIMAX | LTE (Lowg Timne Evolubiom)
* AV, download speed - 14 MbPs (Max.I50mpPs)

06 (5t Gremeration)

«5G sShwrted ™ 2022,

o Features % —

l. Network capacity - 107 times Haow 46

2 - Peak oata speed, - 10 GibPg

b Cell edqe dodo. ¢ peed. - 100MbPs -
- Apblications : —

|. Smart Lomes ownd. swart eities

2. Autornomous drivi"n?
3, Ultrg ‘\ruclh 6‘706& dota one fuuork

L, Health care a\a\o\u'cah'o‘f)s
5. loT
Frequency Bands

—_————_*

4 . Low Bomnd. — 600 -8 50 MH 2
~ Lowest spheed 506

- Lafgeg{' COVU"a?& OUea,



2. Md band - 2~ &H- .
-Sbetd grm Hran IULU-—bq.nd‘
— Coverowe -
. High bamd, — ge - gmaller than low band,
» 25-39 GiHy
= Higlest s peed
- Swallesl coverage areq

Low Power Wide Area Netuwork ( LPIWAN)

« LPWAN 15 a cg,’ce,gorj of “l?cbwwlo?j 'ﬁ)aﬂ& for lou-loowep

long ramqe wdreless COmmumn'Carb'o'D.

e |4+ was oeveloped due o problems faced 1 2 G- G1SM
ond. CDMA,;for |oT ¢ v U cadionse
e LPWAN 1is tdeal for lorge -scale vse of low”

suchh @ udreless SewsSOre«
¢ Communicahion protogols for loT s basically of fvwwﬂj'
(1) Short - Range N etwork
@ LPWAN - long range
Popular | PHANS
o o - WiFi j Bluetoohts, LoRa, Giq Fox, 802154
LTE-A , LTE-M ,NB-I0T, LTE-A, LTE
advanced

Ppower loT dleviced

Ic U?ﬂllceﬂf)s
9. Licensed

—

lc PrO\[f‘otr& 'qu’

lomg battery life of loT devices
procue oM cost

3. To olecreate The
relrable conmnechon o

Ly, To |provide 7w0OrE
devices 10 resnote ouarea e

5. To decrense he requi reTe

6. To trovide c heaper wireless te

loT

t of infrasd tuctwre -
cluwlogye



b\b\oh'ca:h'ons |
le Alwost B Billion device conmnected 1o LPWAN up to 2020

2. Skhart Meters ‘ ' i
3. Swmart meters|cihes eq. swart bo,rhirng , sThout waste

ma'na,geme:r){-.

44, {deal f$or loT .
Siqfox
. ngfox.
e It “ie am
arnd. M2M covom unicaktion -

e Mai®m» feotuwres
jo 1l pboweer cons v ptiom <

itrodveced 19 2012,

is first LPWAN Fechology
uj}‘rb. arrowband fechwiology vsed. for [oT

. Extamemely
2. Date speeccl 100 bpd
3. chnge — 10 bk CUr‘ban)
s0 ko (Rur‘al)

4. Yow Cost

e — o 20 qears
5« Very lonq battery \ite g::MH L\jEU'

. weney ~ Z

6. obera.h"ﬂq ’(’pe’c{ j (307/ MHZ (.USp‘Q
amnd. CONBY - Do ot ousturbs

Curcpean d-nio-n)

1. plra Norrow b

it otther cownmmp o ication Systesns.

. Apblications

Siqfox. is used for loT av atron
orr apblications OI% :
5

d. ™~M2™M cozomunication uNIC

—

Seowme COTNIN

i), Swart C.i'hj opplicakiew.eq-
= trest IvqWh=g etc

ii). Assefl +racki™g

i), A\ uto mo Hver
). Me,dicaL Liestteare  ete

art emergy TRerS.



_ﬁ\f‘clﬂi‘l“eci-ure A Horlq'qy)q RERR R 2

lte boare elememnts are loT

A3
Sensor dooles oOr end
devices, base Stotion,
Sigfox. cloud. wmd <l e Fuor K server and Costomers [T,
Working

* loT -;mdes send dadn “fo’base stahiomn by radsro awWowes,

e TCe baze stokion, also ¢called yafauglf, receives tae,

olato. by the D odes « -
e The. bote statiom sends Hie modet dofn to srg fox eloud.

e The cloud server semds data to either costomer or
ocnyo Hher O OL

LoRa

e lora stamds for Long Range rodio Cdireless) and is
vsed. Jor oo cbune - o= T ackune (M) and

mOJ:T)l\j
loT et utorks -

. e low power commm uncofion
. L—OQO_ 'S a \LO"JQQ range.

*‘mbo‘éﬁ‘-j s
Ra 5
e oo tures of 10
Fea. 0 -5 ko Orban , 15 ™ S ab urban

. Ramge: = 1o on (Vmdustriak sciemtific

. fre weNtY
2o & i) Per:; Tjamd,qo% gs%/gis MHz . lgndia - 865 -86F MH -
M edic

—%. LPLIAN ( Louy b iaer Wide Area Network) statesnent - IEEE
802.15.4 called LofalJAN=- |
4. Copacify- ome LoPa qoteatays cormects 1o 1000's of Nodet.

R T s
Cloud !

g —

|
!
[} .
3:,:5 | ) Sorver . hMoblIC
)
' |
'
|

£F C_1f Loptop

. ' —
T oo Devicer ! Gratewrayyt Netword Sevver” " Atblicaktion servers




The element of LoRa commumnications are i—

©. LoRa Devices

M), LoRa Gratwayd

@)  Network server

(v fpplrcation Servers

LoRa, device is He blfufsf'caL loyer

LOP\Q, Devices ~
ted. Hn_r‘oluﬂh. Lorapan which

Which are chips commec
' e MAc (media access comirol ) layer. LoPalAN s

o8 Soﬁwareloagl,e,ol-im Hie, {0%a qu'bs. LoQa devrcer
Qre  ond |oT devices thal sewd amd receive oM the
loka,  uwureless . Network .

—_ uLp b& '
ot bt ar arelay - 14 fask s
+o  receive Mess oqes from ewmd ‘deviced (LoPo oleviced
and. jorw.aroL Hiem +p 'H/}g e fuwork server Aol vice -
verso, » Gtaieumta% sends ’M)e‘;gzjaﬂex vio. Wi-Fi 3 Eternet
or cellular wnobile +o thie mefuwrk servers

Netweork Server + 1T m amnage omd. warnfolns Hie
L oRa Neﬁu.of}-:, e ® r‘eclLdrd f 'D"‘vad,e,i dmlof:

| 0Pa.  deviced 4o oqvb"'caffm’) sexvers s

L\pbh'cai{oﬂ 6&(‘\[‘6(‘: l{‘ s -H/u?. afab“‘ca,h‘ozf) ’QW wL‘J‘CL,

providu pser 'lﬂ'fefface o LoRa wmehuork e

A\b}:h'cab'on of [ oRa
| ora brovfdc), |oT apblication i 73—
Jhure ¢ Smart o.grfcul'hc,rc , Pregervimg tHaree

‘ N A‘q f‘i.C.
healtth , coop ond. soil momi‘}orf-nﬂ.
9 . Bujddjnﬂs ¢ St lDLu,'IoU'Dgfy lows power lovng ramge

conmectivity 4o viewt builob"nj functions.



B. Ciliex : - Smart citia with mhanced.  performance,
opHmize resowrees , reduce waste, consumphion and,cosfs,
4, Imdustry .= 8wart fuctorier, mackined , v frasfrocture,
managements etc. .
O Logishecs - Bupply ¢ham mowiforing (¢nd to-end),
6. Uklthe = Smart services for water , electricity, gos
o d kenb'ﬂge
Siqfo LoRaWAN (LoR&)

: wim
v Banduwrdt, ',ODHL(“&’;‘X# |, Banduwidth 250 KH=z
2. Datn - 100 bts (bifs perse] 2. Dodn rate 2o kbpPS

R Cover‘axje. rcmcje; 3 Coveraije rcmge.}
Urbon 10km, Yrben 2.-5 kEm,

Rulor Sokwm | ."“”*'-, Pular I5 b
L, Enerw Consumphen-Vi | 4, Eﬂe!‘gj Consvmption - V. low

5. Device Networt - Stur fopol 5. Device meptuwort -Stor fopology
6. Open-Source (Unlicemsed) 6. Open sSowrce [W"Cewlsacy
e = Vo o | F. Battery life ~ Very lom

KFID
» RFID stonds for Rodio Frequency ldewt fieation
. BFID s a dreless cowmmumication tecluology.
. Fomctons of RFID ae —
() To l'denﬁfy Fougs ottacked. v Phgfﬁf'cai obyect
() To read Hwe information Stored in Hie fage.
G To woodify writt) wformation i tHae tugs.
. kevin Asbidon tuas ulofb"ﬂj ov) RFID Tecbmoloyj

pher, he coimed Hwe Mame Intermet of Tlumgs.
., XFIp is a @major 'fecl»moloﬂ‘j j0 ToT amel 13 wsed 1o

Colleet raw cddaa.




*Abbh't‘.uﬁ-ion of RFID ‘

le lwventory management
2. Asset trachmy
3+ fercononl f—r‘acw}nq

LI . "’ Cﬂ,r‘d,o,
S Supbly chaum mana,qe,mmf
8. Indian Ratluay? (IR) kavach system ek

- traffic safety control Sysfem for #Mhmg

7+, Swart shopmg
Q. Healtheare 4 Pharmaceuwlic alt

9. Atjrl‘cu,bﬁme
10 Co'n’rr-ulli'n? Liome oupplianced
BaJ‘CooLL {

/\ barcode 15 & rac’rmnqular block cfm+m‘m'm9 black

ond. wlite hmes or bars of different wudths.
e 1t is o woethod of Codmg e information a.bou;n‘a,

broduci. Eﬂ, Maﬂufaciufgr, Pl"OdUCf "’yb@. ete .

e Barcode Lable
B ‘

Mieroch'p macnbéﬁltfupa \’rodud

. T[‘LC, bars may represent 'zr)ua’ner"cal& or alphwbets .
Product
. The wmost common Codt‘?ﬂﬂ format ysed s UPS (UmNUSaLVCOo[c)
formakte .
¢ A barcode 5yi'em consists of Huee parts -

() Prwter (") Scammer (i) Computer

¢ Primter i used to primt barcode lablel or direcHy brint
Hie borcode omn product o

e The Sconner Is am optical laser h'glnf obernted. devicetr. It

sed - : | |
fs v to read Hie barcode and is alse called, bareode reader,

e Compuler receiye
& b €Ceirye, daﬂl _fmm fhe, Scammer and wel ‘.+ fOf"
O'ﬂj ’DLU'IDOSB Such ay bri'nh‘n‘] Hae  bill,



RFID= - =t

Barcode. |
"Eclwwlog\/ OPtical Lager _ Radio F‘""*‘I‘“"’”CY.L.RB
2. Reads Only ome tag ot a e looo's of toge at Q.ﬁmﬂ
3+ Reod Rangd Same Feet l000's of feet
4, Rtndsbee.d 8 loi | Very Fast (+S)
6. Read Line of 5,'91,\10\10 obstruchon)l Can read Hurough objects
Requurements eq wetul & Water,
6. Cost |IFe]N Hfﬂl/\
. Tybe Read -Ovly Read [N rife both
8. Misturbance| o bstruction glirty or for® lablet | Avamast megqlrigrble
9 -'Dumbfh"}y Less More _
lo. Norb-"n? anuaqu G1enera11j A utomatic
4'-Dmf‘qupac”7 Lo w Ha'qlq ~ - ;
12« lnstllabon,] Si'mble. A Gajly . » Qequjr‘ed. sPaCI'u,l ellubmenfx
or complex. +o l"?n_s‘hiuo

RFID S\ysfe'm

(@ RIS s
= A
E ‘ﬁ Radio- Coble ]
RF ID Taﬂ WNowrt geadcf Umfgrmgrbdnn)' controler
The basic  compoment of RFID System are §—

|. RFID Tm‘ﬂ

It s a label consisting of o sewiconductor microchip, an
amd. o boutfery.
Frown ob  swart |abel or framspowmoer.
— Its function 15 to give respomse ihen nterrogated by Hae
reader., (tramsmifter + respondor)
2. Reader
— I’f ComSiSf o& a RF module ’ CO'B)‘fT‘oJ nooule cmcl, an am Q‘b’)"“e'r)nq'
— 1t's functon s to I"Df&rmgaf& Hie RFID Tag and. is alio
kvnown as I‘F)'ferrogwtor,,
5. Comtroller
— 1t s a computer, it is blto Emown at st or worksfativg, |
— It's funchion s 4o receive data [Tom tHie reagler ydybh 1+
Collects from the REID +tuj,

"

omntenmna
- |t 15 also



L\lorlq‘-ar)j of RFID sytew

*The reader sendt the radio 6qnalt to tee RFID fog-le
f“‘)fe,rro?ufu the RFID tog - | o
._'-[:Le, RFID _i_obqr regpoz')d{; Cl.‘f)d- SﬁT)dJ d—ﬂ.hl "’D'H/\,C f'E,a.dfw SUCI’\
obJect Hype , location efc.
o The reader semdt Hhiés datn to Hhe Comtroller and the comtrofler
vser v+ for deSired purpose. |
—l;bes of RFID system

RFiD sysfe.'m ¢can be oOf ‘I'woh]bd:—

(O Passive RFID systems (1) Achive RFID Syctem

_Fassive RFID system

15 fhis Hype, Hae RFID fngt are battery less amol cure acluvated by
e radio signal received from Hie readler, |

*Thete type of tags are called panive tagt cud are alko knowm
(0B ‘h"czmsbcmd.f_fgo

e Thele aure 'mOS'HY useoL Wbe.'ﬂ}mc are cl@en_per‘,' smaller ond.
easter fo produce.,
Active, RFID System

e | Hus Hybe , the RFIDfaﬂ; contarn baﬂg,r‘)p orSolar cell,

e Thete are calledd beacons widich are self resi:ondi‘ng and,

Bemd. oot to the reader offor evevery few seconds,
R Fi1D system Featwres

—Data  Speed L mbps

- Frulu,enc)( bonds - 1235 kH- l1

13:.56 MH5. 3 902-928 MHL .
- PONU‘ - UHm

lom Rumver
= nbology - PRP - FPegr 4o Pepr
- Qa'nge - 200 wm

—

Securify - RCH  stanclard (less secure bub very fustibiou
AEs stamdand, )

— Low eost

Comwmon applicabivn - ﬁ‘qch‘n?



_ﬁombomew'fs of KF_ID Systea) | |

. Daln
» RFID dato 18 br‘ocjr‘ammed, 1)
e RFID tag tramswrts Hais olatn
internet Hurough o qateway (v eaoler),
. RFID olatu size con be 16 KB ~64KB
* RFID daln, shaee, /s AIMbPSo
e RFID dato 'l-ybe, con be headers,domain manager, object

Class and. serial mumber,

to RFINtag .
which can be ‘rra.m,cjﬂrred 1o

Emmple O"*OOOOA&SoOOOOlGFﬂOOO’bgDCO

Header Damaiﬂj Cobgccl- Seriol
formate Manager clay

eq., company  €4. obiject Hyb
2. ngé |
RFID 'rcuaA ore of twwo ﬂ{bﬂ: %6 Fassive ﬁlg& amd- Active {n_?h
Passive togt)
—These are battery lecs tngt omd owly contarn wmicrockip
and antenna. )
—Tlese togt are +ramspbonders 1. respon ol owly Hlen [nterrg-
SM by the RFID reader.,
- These h.?a are, 'mosH)r psed omnd are Sim}:le,: and C'hai’b,\
'A\CHVE. Jﬂlﬁ‘;
— These are bod:ftry or Solar porered 4113{.
- These +ugs are Iike becans wiych cOmﬁ'muoug;y Frawme mit
dota, affer every fews seconds . | !
- Mi(_roclxu'k, amn fenmna, bwa?rf etle.
3. Antennas_
e Anternnas are provided 1 RFID h‘x?( and the readen,
e I RFID reader, the amtenna con be Seperate, ,

o Different 'fybes of Bntenmnat are ued svch ag bawnnel ) porhl
s hglf, qroun,d- o desktop d]jbg .

e Mos’ﬂy barme( +yb6 a'n'{'e’nmouﬁ are Weol .




L, Commectors_

Cormectors ore end  points of Coables wied tocommect reader
o onterna and Hee comtroller,

The commectors com be of folloning typey —

l. RS 232 9-p™ cc_mr)echm
2. RT45  Etiernet (LAN) Comdector
3. USB +ype A or B |
L, RP=TNC, 8MA awnd N-Fybe conmecfors for coaial cableg,

5. Cabl%_ %
Co - ooual cabla to comnect antenng

) RP-TNC - N'hjbe

B) RP-TNC - Rp-TNC
© RP-TNe - SMA | v ]

\

ete. e - ’ |
2. Cables o commect reader to computer or hogt.

l. EHernet (LAN) Hyisted - pair Cable (R745)
2. ©sB coble gwbe!—\ofB)
Ds RS232, cable
6. Redders
e Reader 1s alio called mterroqodor, ‘ .
* 1t commomicalet With Hwe RFID teg frog raolio oy
anol sends information to a computers |} s o qateway.
¢ It con be of +uro tybes Sad 1f .
(!..) Qc,cw[.-only - Tlis fybe of reader ovly reads He RFID {'Dﬂ‘
(i Reod|irite. - Th's tybe con read at well o Wit dats i‘nduy.

"b&ld, Oh "th,~ ‘ '
7. Encoders and Printers for smart labjg rount hybe
* Epcoders are vsed 1o wirite imital datoin ks .

*The emcodimg format con be Hexcowle cimol oy ASCI cooleg
o Printers are thwen ysed 1o ’

e RFEID Primters com be —
a). De<ktop Pm’m_')fer t— Most common +ype used |n offices 4

\.

privdt swart lables .



broducton vt , Ecuy to vse .
b) Hand Held- Portuble Prioters vsed infidd 0msite . Used, 1oy
imVventory ':manac]emenf, asset h“acl:u"zn? etca
¢) Industrial -Used iw wamvfacturing plants ad wareboue
Sor maxs printing .
d). Im-lme - pseol m produchon-lime, om moveafcj. Automobile imdug
@): Softvare bateol - Pr‘l.hﬁ?')i Hwowgh o Software imnstoleol i a
Computen o
8. Controller Sothuore

The software Imnctalled on comtroller (computer) 15 useol to
maﬂmﬂe the readers, Hie olatn Feceived from the Fagt
anol paues 1T 4o Hiee backeno olato bose 5\/5119:”,

RFID f\d.var)'h:ﬁeg over barcooles + —
,- La.lU‘ RQ"')?E :— Qar)qg, 0{— RFID "S lo‘nger MY) bClFCTJOLEﬂ.
i RFID F‘Cl'nqﬁ. IS 100's of woeters anol bardode, rQDﬁC 1< f-gu,t -ffef‘,

2. More Storage cabqg,‘{y':- RFID togt store more olata/info.
3. No lime of&«’gb\f (los h"amﬂu,h'oni).'— RFID vses rodio Woues

Hence Haere (¢ o Lps hautodiong « B.FID ’mﬁi can be read
-ﬁ/\rouﬁh many materiadd ke onetals and wafer

Ly, More ])urabf/o'v‘-y t—RFID ’LU?K e more durable Hian bcu*coole,

5. More CCLPQCHY : — RFID reader can rengl looo“s of togA
at a Hwme, Barcode can reqdl owly one at o Hme .
6. Read./ Ririte 1 — RrEID readers camn reao | (e
RFID tagt, Borcodes con be reagl only,

fe bot, in

Dis ady antagth
o RFID s amore expencive Haiaxy barcodes »
« RFID  meeds spacial ‘h‘&odme%'f'.,



UNTIT-5
Framework §election for loT app developsn ent

® 'OT j—rom‘)eu.lor‘t "5 oL ‘j|0_j‘f'0f‘1‘f) [’O d«EVﬂ'o': rOT a’)b'l‘cahbr)(‘
e |t provides all the Solubionce +o 10T app devdopment,
¢ |oT framettork is o set of tools omd 'f‘cckwologi'u vsed

4o buald , desplay and manage loT apps and olevices
¢ Exanplets Aljs tol, Microsoft Azure loT, Gioogle Cloud. loT,
Cisco lol, Hewmekit, Amndroid, Mumgs efc.
¢ loT framewlorks are of two +ybetd—
@) Prep rictary (1) Open sowrce - free sowce code
delection of loT fromewort.
* No ol frame work s bet,

e Selechon of loT framework olepends o Hae Hy be of loT
opb  development .

e 1+ s Mecessary for the. sygcess of IoTbrojech.

¢ Selechon of leT fFramework can be done accordf'ny to
{ollowinc] factors -

I« Fohue Proof 3. Pn'cfrng ™ ode| B. ﬁckno)ojy
2. Security 4. Time-1p- Value .
Fotwe Proof

e loT plat form  wWhich can ewnvolve with Hie martet,

e It showd provide reqular upolates according fo new
standords  andk protocols of loT,

e |t showld be secuwre, and reliable .

Secunity
MH 15 mecessary to Hrroughly shudy Hae cecum'h] feafwes in
a qivca) loT {1“0»7)9[40:‘1’.‘.




Pr“fciﬂq__
v Umde;std, the pricng wn oclule, P10
e 5peak. to He ¢ ompany teom .
e Look. for hidden cocts.

Tiame 1o veduk

s Plottform Which prowd,e e'zr)oHo»ezod -soluttons or comfalm
30]&1'!03’\5 . '

o 1+ chould, brovide full suife (package) so tat we dontmeed
o;nj o thev blaffom for a part  of PV‘O]G’C‘[W

o It redvces the tme Of loT app development alio marks it
~ relable .

Tcl«.molol)‘{_

]

The soccess of \dT projects olepends om technologres vsed.

:h)r‘ ex_o.m.}:]e - |oT CIOLLd i< OLPOLLLU:{LLL "P(_L\no(ong
Hiam own prevsd technologye

5tages of loT opp d&velnbmem‘-

ot =[]~ T~ 2"

T = Cload
Tevi'ct Deviece Communication Plotforsy, € loud
Hou-duuore Softwewe  ON Connech'w'l'y - Abblicaton

UL

u

l. Device Hourd ware?

-1+ is the first Stage of loT app development .

— 1t defimes the phgical peuk of T,

— Foetors of hardware Selechon are Size, deployment
cost, vsehul SfeHme, reliability ete.

— Exomble !, Sensors , TNcroprocesiors smicrocentrellers ¢ te,

¢

— Im»dustial and a,Ldomﬁc sencors smusk be mo ke reliable.

Smarfwafcm need, oxymef‘erf, ,ioeolomefer‘g,g pulce smon foe,



2.+ Device Software

e It s amn 1mportawnt 5+o.qc.
e Device Side Sofhware s colled firmwork, It 15 He sofhuout

wlich is vsedd 4o ruwg Hawe hoardware,
* Firmwark Feq wirements are —

@) Commechon loss olonyt leaol to data, loss.
@ Compression of data
@'") Datn encry pbHom j’ord,ains“dcwffy
tv) Rehable gownloads of i"magex.
De Com'ar)echH-.j

b
~
L ]

’ 71:1.1.5 Sf'u,?ﬂ Mg, LUJH’) SQlech'o,h O:f' r,'?bd' ane H/LOCL O_f COB’)QQCH.VI?
o Example? WiFi, 267, 56, Bluetooth , LoRa ,NB loT, Zigbee efc.

e For office or home Bluetooth s beter, it ic f—ryze, .

e For deficet 1% moton or mewnole location, 26,5 67 willbe

better ,These are poud. services -

Lo loT cloud

o Cloud, blatform provide Mecessary toolc to create loT applicedion,

e lmporfant factors: are vphme,dotn secan'ty, de bugqing ,Sh}y’l{)ﬁf,
secubity y commechvity, miqration :SCaLabih}Ly.

e Example of loT platforme —

A zure loT sute, Gwegle oud, AKS, Herne kit, Android Hamngs efe.
5. loT application

o It imcludes d,esu'g-x)ing & prototybe loT app and its hsh'ﬁ)?,
o Feokwres of 10T apps ore —

— Device mnanageme nt

— Das Lubordi'ng

— Device 1o wmnohbile commumications -

— ubdates efc .



