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?EmamP\c, mﬁ%om n R |
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| Customizable Ufsua Tz ations :
' R's ulsualzation —tools allows —fos customiza

—tons —foys A 5Tm‘ol& oy cbavt oy a detailed
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| “The. Qua‘l’lab‘fl'r‘fﬁ of ouex 15,000 R packoges
means e can extend Ris —finctionalfty —to
any ijcf_-t or Deed -
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be. —vecttea oélﬂcj —tha Aota—fsame ) “ooction.
EmmP\e b
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: P\’;:_uﬂ# D‘br)\oﬂ o —the helP Qe -—{Eng %‘Plo-t'.ﬁjmﬁgg.
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Evcamplf_s s
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s corprmon —tasks O

oFli‘ac:c'HO(ﬁAa
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aseo OF Ciscle =—fonction (wadivs) ]

awa :fix—vaah”os A

v=ltuwn (area)

K
P?ﬁrrt (cveaOH- Ciscle (2D

Odcl:»ut :

(1] 18 566> -

5, MU[“H’Plﬂ f_?_nPJt [\/)UHTPle. OUJCPUJC'-

C~eote a —fOretion —that takes mault le Trvloul'z? arA
wetaan A mul-‘cfpla OtﬁPOb? LJS‘I")% a list. For @mm[D!aJ

a —fonation —to CQ\CUIOF'ZE-—the. orseo. apd Paﬁmei@f

of a rectangle :

Qcc:tona\e, = tonction Ua’\g‘f‘n  iaHth)
ovea = 1e_na—th 3 Klia-th

Pez’fmerta? = 5 C\e_ma"ch —+ Tt
'TC\SUI'E = l?.f‘;t‘ CL‘A?&O. 4 =CXsEQY N Pcﬁmday “:Pe_.’a‘!ar“(‘)ftf’_?f)
ae-tsn (sesott)

'?.j
aeoolt List = Pectangle (23D

Pt (gesoltlist EAveaT)
Pb’ith‘ (sesote LIst (Y Rasimmetes'])
QutPch :
i $——/°rvac1
] 6
;t; pcm"mc?ke'r.

17 10 -



2. e Ifhe Fonetions o Qpﬁcxjejommi’rxa Lawauacf: |
For Small , quick —fontions, Ose. Toline ——E)Da:tio o
—These ose _efired c\?—secﬂklj 10 ~the. @(_PK&SGIOT).
£ —foretion (OXNQ% A+ /3.

P'a:\h't‘ (—f ()

P-o%rrb (¢ (=3))

P‘a%rrt (O)

Outpot

(17 65 -233%5

(1] 15- 2EHHD

[\Jo- )
Lng Fua luations of Fonctions o R P’ﬁogzsomrmng
kam(au&caa. :

T R, fonctions ave executed
—that T Some axcaumr? e m‘i’ssur%,
sHll execotes as lorx:d as —those. oq;rn

ot Touolued o —the. exection . FOs c;mmpb, )
Cornides —the %llowin% —fOnetion delir)de_-ar, which

Calculates e uolome. of a Ccdl‘fr)de:& QS\D% dmme&ﬂ
an Lf,nﬂ‘ﬁ’) - e magmmt— ~adfos , —the —fontion

[/\Jﬂ\ sl execute bEecoacse 2 AoesDYHY oxffect —t
volorme. calcolation.
Ccdl?hde_r =—fOPetion Ldfqmde? e C‘d’th i) s

lazi ltj ; rncan?oa
—the. e tion
enls awe

volome :P‘z’+ ATamete 5 A5 % !Ci.h(ﬂ‘Hq [4 .
retorn C\fdonr)e_)

7

Pt (e lindes (5,109 )

Ovtput -

C17 19¢. 3495

Gt e do not PASs the mcaumcﬁ‘t‘ and —then
Use. W o ~the e finttion of ~the —fometion Tt Wil




“thow! aO ewors R S e Ya V5 e nort Fn
Mt 7= bcfr)Cj Used T —the. —fonction Aefiortion-
Examples

Cilicdey ~—fonction (diameter, lcncdﬂﬂ

volome. =PT+€ Aiarmetes A x le_n%'fh 4

P?ri Nt (sadios)
Yt (volorme )

2
PwrimL CCad linder(s,10))

25 an:i}‘

,vadios) 3

Emmp'cas :
In R, the he{PL )y “onction (0¥ the 9 shovteat)
souides Acceas —to the, docomertation —ox ~forction,

Aata , and cthe o obd'c»_at?. Fov wvectoss, gou Cabd
Lse. 1o leasn about vector op@ro-ﬁo —f o

[fke cO)) lena-tbc 5y, Sortl), and MOozé .'Téaf:t help
OO0 Vectoy CPGJSQ‘HOH(S; Ly tians kka: ct )y 105
belp© OF 2 c —fos —the. €0 —Fometion, 0F helpsort)
o 9 Sort ~for —the SOvtl) —fetion,~—fos @mm[dc-

Using —the. help > —fonetion :
T -Ac:ceSSf’hﬂ Ao omerstation —oy o %«Fr_éf‘pfc‘.

—forr—tian 2
To 3@& hc-;lp oD A Fnrﬁculov —furcetion , Use —the

belp) —fonction  nirth the. —foretion Mame. as an
erqumcn‘t- For example , belp (meadd 0¥ 2 rean
wi\ digPlaLJ —+the hclp Paﬁac‘f—ﬁmf +the. NMead
—fonction.

&—Access‘fma Aoccrmestation oy A Fac g

To access —the. lne,lp e detstrer s .a
cntive. f)ac_k_agae, , ISe halpcfhcmﬁc ot Mc (—0
hame™) , Fos frstance , h"JPCPaC‘Kaﬂz.;‘m:::a) l:ﬁ”‘




Srow! the hclp T)O.cae_s Hfox —the pase P()CKC%&

3. Seavxchihag —the h@‘F) temn ;
Tre hC]P. & e () —function allows ¢joo ~to- Seasch

the belp 3_d5£am —os topics selateA =0 quen
chasactex é'hsirﬂ . Fow @m\mpla,h@_lp. 2 asch (vectos)

it |\ seasch —fo domm@rﬂﬁﬁoo corrtnfr)f’ocd ~e NOBA

Vyectos .

Emmple- —fos Uectss s

belp () OY ¢ s [ouides sfesnation op —tre ¢ > fonction,
WHch %5 0sed—to combine elkments Toto a vectos .
hdlp(lena‘th) 0v 9 Ie’_na‘th‘: D%Plaas Trfosration abeat the
[ar\ﬂ'l‘h —forocton , Which ~etusns —the [ar)a*th of a

| yector-
halP (sost )os 9Sort - E?q:)lcfl‘j% —the Sovt frction, sed
“to 503t the elrmersts of a vector.

belp (seq) o5 9 Seq 2 Ciives detdils aboat —the Seq—finction
Which s usea —to 8@(},@‘(14;@, Seqpiences of nomlbess.
hc’JPG&U&CtOr)OT 2 1S. Uector - E'LPloﬁ’ry’; the Ts. wector
fooction, Osed —to check T A vazmable 12 A yector .
belp (vector) ov 9uecton: pyovides  infosonation on
—the vectoy —funetion, wihich 18 Osad o Cyeate vectoss
R- \ectoss e

R V\ectoss awe Hhe Same as —te ovra:ds [le) Qlanﬂcﬂcae
Which ase Used —to hold hﬁu\'ﬁpla Aato. ualves of —the
Same —hdpe_. Ore mql’or key pofn‘t 15 tatio R PUOE]TO
-—mmfng W) age —tre Tndajoa of the. vector Wil
atent feoro 1 and not o 0" ke can Create
romezc. vectoss Ohd chovactey vectoss as

IAlell.




Vectoys o R

‘(lndﬂl — | R 3 4 5 & =t a8 9 10

i |
ualues“ﬁ 10 | &0 |30 40| 60 co |70 | 80 “10)!00’

R-\lector-
I Cseating a vectoy D R-

A vectos Is a basic data shsuctore —that -a’eprc.sfﬂl-‘?

‘a 0pe - Afrmensional arragy-~to Crectte aowozd e UBe
e e —oeetion  wlHich —the most common method ose

o R onﬂ'mmmfﬂca hanguage. We. can alsb use Seq)
HOncton Or 0se. colons ' glsp as SolWD N —re example
| X Clsl, 4,31, 6%, 39,8)

cat ('using ¢ —ornction’, x,'\n')

\| & Seq, L1110, lanca-th.out*-:'j)

cat (‘0sing Seq L) —fonction', ,'\0')

Z& 3L H

laley: C'Uaincd colon', Z2)

Outpot :

o
!

ik 2 —fortion 61 4 Q) o+ 839 &

Usi'na Seq ) —frnction 1| 3.5 55 3735 10
usSihg colod & 3 4 5 ¢ 1.
Q. ”\%Pe,s ot R Vectoss:

\}c.c*kU‘éS ase. of Aiffexert —t(dtocs wlhieh ave Use_cl o
2. Folla/u?nca ave. Some. oF —the —hdrxs ot u g
Nomeyic vectosss

Nomesic uvectoss ase —those which contaio nun':a—sf'c
valoeas Sich as Toteaes  —float Sete.The I affie InR




is Vvsed 0 Spect

A Not A pnLMexIa L—'fl(:)ﬂ'hch(a .,Po‘fnt) valoe .
) & {416 56,55 )

—hd[_ae, ot (vt)

o €& cll,a,21,5L)
+cdpe,o-f~t\f9_)
O :

rlj “clouble_q

[17] “?n%aac-s £

Chavactex vectoss :

Chayactey vectoss 1o R contain alphanorrmi’c L/aloes

o (SPec‘l’a] chasactess. To R, ihen a vector costains

coexces —the eylioe vector to a (Sir)ﬂle. ——%Pi e s
chaxacteys ave. movse. (darxe_rsal “tar pombessio R,
Lthe vector 18 coetced —to a chavactes vectors.

VI & clgreks', 2" ello) 55

-—&Ldpi ot ()

Q&Po’c - P17 "charactex "

Lua‘?cal Uectoss ¢

kojiml Uectors i R cortain Boolaaf) ua[oe_ s surhas
TROE, FALSE. and NA —fos Noll wvaloes. 90 p, NB Ts
a ,5f:e_a'?ol ualue. Oee —to :\ef)zfaf:.ant MISSIN oY
Onde=fired Agta. when Gsed io Q [OSTCQI W—“—'{U";
NA 5 —treated as a loj‘fcal valoe. becaose. Tt s
Srﬁa'?-ﬁcg“td dasi(ﬁmczl —to wosk with

A othex —taltrs Ot Aato .
U] &< (TROE , FalaE ., TROE, NA)
“tjpeot (V1)

OOJC'PJ{' 15" (Oc(j'fcal '

lcxfcal wclons

{(d —that o r)ombe.q Ts an ?othﬂ’

T P, kiben o vector cortains elemenlk of ou-tcvma’c'i’cal{?



, 5 Le.nﬂ*tb ot R vectos <

(j,ﬂ R, —the Lfin‘a'th ot a Ucf—CftDr 19 Cﬂa’b‘ifmﬂ')id bld —tHe_
ru)mbf-ﬁl ot e_le,rrﬁhlE it CDTtGiﬂh e can Ose —the

\can(d'thi) > pction —to e twieve the l@n(d-th of o uectos.

g L= & ,')_,'_7))415)

\e,r‘%'mtl)
vaeole |, bamana’, tcbes ¥y )

Yec LoPP ‘d

1e,n8'thud)

2 ¢ (TROE ,FALSE ; TROE ;TROE)
hr\ca'ﬁﬁLZ)

Out‘lodt :

>

Ci ]

>

ti]

>

fi14-
4. Accessi R uectox e\c’_n’riﬂl's #
-’ACC«@@STDCJ 5WE D a uector 15 —the
P&T‘Fcrm?na oPera‘Hor) b an Sdividual e brst#cc){a
Uec-tor Thevye orve r‘ﬂor‘(d udatds ’H‘NOOah wlhich7can
access —the elerments OF ~the vector —The st commonN
s osing—the' [ 7', symiol.

(] H 0 o

Nojce:\]e,dOTS i R ase | bbased indexd r)(d anltke —the
noYmal ¢, de—thor) , el —fosmat .

X <C C&JS) 18”,!1)

Ot ( Osing :SukBCzrin OFLKT&” L x 02710
V&ca,8,9,,13)

Cat ('Using CombiteC)—function', Y [e(4,1], ")
OU%PU“,

LJSIF)% Subsca Pt oFxﬁQ-[—OK 6

Using cormbinec > finction | 4

ocess of



Tg. Noditgying a R uectos o

nNodification of a uector 18 —be pyocess ol aﬁﬂcdm%
Sorme OP@ra’c}OD oD N Dr()clfu'fclu al @lm O‘F 25
vector —to Chorﬂe_ 5 value. ™ —he vector - There. Ave.
d‘.’—ﬁfe;]em—f ma(dg ——th'{a)ah wlhich e can rood‘i—(a‘a
vectoy ¢
&2 (557,99, F:8:,2)
xX(3J)e !
xT13&9
Cat ((SubscH PJ( opcvcrtcrzs’, 0" )
x (13 &0

Coxt C‘cha7c1a[ foclc:'m_?mﬂ Y X 'a
X&exle(=»,2,1)]
cat (‘combire ¢ O ~fon=tion’, x)
Outpot
Sulscxpt Opazrcr&ox Q& 9 1 3 g
Loc(jrC_Ql Traolmtjr‘ra O O 06 O O
cormbine () —for—ton 00 O .
G- Qeleﬁhtj a R vectox -

E)ele:h’hca of a vector is—the [:rxocess of C:lglc’:hﬁa
all ot —the. ejaﬁﬁﬁk Ot +the wvector - This car be
Acre by ossfanfmﬂ ™o a NOoL valee .
M & G (%10,245)
M & Notl
print (cot (Ootpot vector ', M U H*))
Outpot  vectos NOUL -
1 Sorﬁrra elemenls of a P Uectoy .

ost() —frction 8 Osed  WHP e relp of wihich
We can &byt —th= valoes o O,Scavd?rva 0¥ Aescen
- d?nﬂ OsAe .

A
S




Iy ¢«c (8,&3,L1,8)

A< Govt (X))

cat (lascending Oxdes ;A \0')
2L Sovt (X, decyveasin - TROE )
ot (‘clesc‘:ndf’ncl ovdes ,B)

Ou{Pch:
OSCc:ncﬁﬂCd Osde | & & % 8 1)
c:l@canohona Odery 1I 8 9 & & 1.
Scalass

f‘_ﬂ R, +the. C,oﬁcap't of a "fx‘,olow“ TS T&P
btd oo vector o lanc(:r(h . B Acest haue a sﬁFe.—ch&

5CQ|O'T cb+Q hl:(ch’_ . ?nh—tegd y BT dfncdle. puMesic OY

choyastes valoes ove dvected as uectoss of lena-th
one -

t- No Scalax Tgpe -
Unlike sorme chazfomrn‘fﬁq lorﬂ-ncaaﬁl“m howe

a distinct  Scalay  p—trects Single valoes as
vectors . _RE”:Z : e
. Uectors oOf Lﬁ_nfrth & |

Wher (jou 055?91’) &, Siﬂqla uolue C@g-,o ~ombes ,a
C{howo(;tc;el -fﬁ"«?hcd)—fo a Uarable , R ‘l’m-l:crsrvolltj T&P“Jf_stﬂl-‘;
H as a vectors corﬂo‘?n?mca O”“j —that Sinde ek ment .
Emmplcsz

* x & 10 (Pomesic Scalay /uector )

* Y ¢ "hello’ (chavactey scalay Aector)

2 Z& TROE C[OSTCQI Scala /u.:ctov)
DPC.*(Q_‘“HOD&:
<jOU f‘,ar) Pc_zrfbvsm aA¥1thretic. ard othex OPﬁXO'Lbﬂ%

or —these 'exalav’ Uectors, jost as (_dOU wloold JHh
(c:xca@; ve —tor -
Declovyation :

'TjFDTCQ”ﬂ s ComPT,eal larﬂuoaes equise Hrat God
!dgclo're vamables = —that s, Waw —the fr)'ta“fp’tfé’-‘tf’—'f/
'comP‘\’laT of the. vamables existenca bc-a%ae Os?nca



therm. This {5 the cose o ous easlies c example -
t |
Yo s ol

Tot g (375
~As vgf\’-!h rost 5@/{[;{{’0(3 lcmcjuacae_s (Such os Qd'thonorjd

Pex 1), 4ou do mot declave uasiables o R.

For Trwtance , considey s code -

z &S
s code , witth PO Fxggvious deteverce 0z |75 F:éFCC—H'd

lcaal (e commonp lace) .
—Howleveyr, (oo Yefexence . Hic @lcil’ﬂflr)]g ot o
ve ctor Yoo MOUSt  lasd R. Fos iostance , Sy e WBh
y—to b= Q—two—a)mpo%r‘rt vector wiith valoes ® oA
12 - The —{Dllcxot"rYj Wil mot iosk:

»yg (11¢—8

>y (2T 12 ) i
1 ostead , Ljoo oSt C:-|¢o:t€— C:] —{rs 5&,—%25 IFWSEODCE,'{EIS Nﬁff

Yy (— Uector (length=3)
pgliIes
>y (rleid.
V6C+0'5 Qdcﬂf'_“gr!j ™ R=

khen ke pexvform sorme Kied of OP&TGUOO’S
ke acd#Ton, substioction. . ete oo 4o wectors of
onequal length. The veetor with a Srmall length Wil

he. -relzzakccl as Ionca as —the ongg—H’on CDmpk‘ECS alp)
the lorwcﬂczs vector « 9 e Paws—rtmr) arn addrtioN

Opevation on a vector of equal larxa-th ~the —tHsst
uo\u& ol vector 1 s added puth —Hﬂe-ﬁszk uolue of
vector 2 |Tke —that - —the below 'l’moae dernonstyated
Opevation an  onequal vectoys orx:m{ion mequof vector.

I+ +8 I+ 3 D+ 4 14 5
( | Q 3 4 5

N7




| 80,-the. 'T&Perﬁ’tf)m of Small length vector as long as

ComPldTOﬁO of opesation as lorg lkength vector 15 kinown
as \Jector Yeccdc_lﬁacd TRvs 1S —the. Sr’)f’_c‘iol Pgo[:gvs‘hj ot
vectoss 1S auailable i R Ianauoﬂé ket U8 See. Hhe
Troplermentation of uector e

Ewarople 15 deln%
’—ﬁ’—C‘o’CQ'hOr)(B UCC‘{OK PRI

H |to ¢ waloes

vec) = 126

= Cvao"honq vector Wb 18

4 valoes

vec@ =13

H# aling vector and tectos @
F)ﬁif')t (vecl+ Vecd)

Outpot :

>leel=136

e d=-l28

> print (Vect + vecd)
[1J&aa46 63

4o vectos ’b’e_c:cdclf’ocj y —the larxﬂ‘th O+ —the \Orrj lena—th ut(_{m
oo e the coottiple  of the lcnca'th ol a armall [era-th

vector 34 oot We kill caf:t a L/dOn*oi'ir)CJ —tort lODj:zl obJ&Cf
lehﬁ_th is not a mul-t‘fple. ot Shortesy Ol?]ed' ldﬁfh' Hene
—the | 3 obJect length is rnoHTPla of —the shortest
Obj@o:'t— e.rxﬂ'th- 20, ke Aidn -+t fj:_t a VJOYSDTOSI rYY;SSQaC’--
Emmplea:

=H C'reortfrt) vectos wlith 90

# to 85 ualoes .

vec | - 80: 35

=+ CTe_o:Hng vector With 4 —to

H 6 values .

vec 9 =4:¢

= QAT vector | arad vecto

Pﬁn‘t (vec| + veca)

O :

' > Vec |l =30:3a%

Jvecd =4 ¢




’Wmf (vec | +Uecd)
07 a4 @ a8 31 99 3.
(oromond  Uectos O‘De,ro"h'oné i R r%ogaammfoa T
Cormmon Uectos O r)a“o’crkfoo in R Toclude
as 1ithrretic oltxxaﬁonb ( add+ion , Solstsaction , mul{fplfca
—tion , division),; accesssing and rodiging vectos elerrents,
Crectting Sequences, concotenating vectors, and o_sorrd
ve ctos 1zed OIO&EQ‘UOD% —foy e{-fcie Corﬂr)(_rfaﬂgm,
!Hese'b a move detailed breakdowd :
| . Arithretic OPazscrHor)«s 2
+ Elernecst -ise OP‘i"’JHOD'S R vectors -~5u,'3pomf standasd
Eoﬁ‘fhn’fﬁﬁ OPQSO‘HOWS ITke. adartion ¢+), Sc)bha?%ion g3,
roo Hiplication (%), Afufsion (/) , and @L‘jomnﬁa‘lflOD (A
d?’ver:tlnd betuleer vectoss of the Samme lcnca‘th-
» Scalav awtthrnetic : oo can also persfos asithretic

C)Pe:(crﬁdy‘) -ttt can be QPPde e_lerh&rﬁlg betind eem
a vector armd a single. purmbes) (Scakas).

« Mathe.rnatical —fonctors < R Paou?de.s asange. of marthe.
- matical fonctions —that can app lled elemerst —llee
—to  vectoss, Such as IOSL ), @ P( ) SINC),Costd,anc),

and 33('6{( B )
.Sl:zcrali’ze(_-l —“forctions @ Fuonctions [tke manc( ), iDC),

som( )y mMean( ), psoa) O[xfdf@ o0 wectors—o
compuite —the maxfmourn, misimON , S0Mm, Mean , O3
prociuct of treis elevrrenls 755,:>efﬁudcd‘

a.h—AccefsTng an O/lodTvF(ang Uectoss =

. _Lﬂd&"u”% * Todividual elements of a vector can be
oc*c(/:;s&cl LDanCJ SquQye brackels [ 7 and —thels Todex
CPosl“HOr)) ,

. \Sll‘afr‘ca <A 'Tal')aﬁ_ of alamgh’:—b can bhe extsacteA ugona
Q Scogum of dices Within —the barkals.

P Modi’-ﬂdfﬂa :';Lndfufducl elerenls os mryaé_g o{@lamk
cao e ‘asePICJCﬁcl wlith Ned yalues 05{09 ossfcar)rnam‘c




| WHth ~the ¢ opesator and +the appsosiate Trdex o5 slice .

3. Cseat nq Uectoss ¢
« C 1) fonction s The () Hoction 5 e st comnmon
Way -to Cseate vectors 7o R de combf'r)fr)cj ?nd?'ui’dual

elermenls.

.’ C)Pmrq-tog - The. - OP&"GQJCO“G gme_ques a Sequence ot

?n't-e,cac_'bs .
- Sequry—uncton The Sequence.t ) —function Creates

Sequences Wth mose. —Flew b‘t[i’—fﬂ C‘eg"‘SPdC&nQdirﬂ Alast,
end, and incsererst) .

4. Concoke_rxxﬁ’r%] \Vectoss ¢
. cCr—Fometion = Tike (5 —function car also ke used o

combine —to Os Mmore wectoss rsto a Sirr_jle, lonsga*o'

vector .

5. Jectorfzed OFEara—Hor)/g :

v E—F—E. der)Cc_d p @?LCG_IS ot Uﬁ(l%orlozed OFX‘B]:THOD&;
rr;conmc_;] —tat OPC?SO:HOY% oD vectoxs anda Fa‘d—\caamd
elermert — e KWt | |
il Ty Wrhoot —the rved —fox ezaplf'c?c lOOPS-
ectorization makes code @lermerns clearnes, mose
concise , and SI'%hT-ﬁcarﬁlg ~fastes —fos man ComP«HCL
—tion4 . ) j

5. Othes Usefol DPe-aocl-tomb:

. ‘e!\a’thﬁ ) * Retusnas —the numibe = of e
. Sowtl) : Sosls —the clorenls of a vectos N oscndln:a

lamer)s o avectos .

Ovler .
o Ul ) 2 Reucsses the Owdes Of elerments o a uectos.

. UZ;QJGU :Retusns a vector it dup]{’cg-t—e clerren® senoy
Erarmples of Modf-fication -

Mo T cation 'TgPe E_mroF)]@_ OU{—PU{;

chaane, Sihﬂl& @,lcmcn{ Ui ]4~29 UV becomest 10 8530405«

ha 2 :
s mu"hfle'd"-"‘f”}g \!Ecaé'eg](;;) v becomes 1158535 40 5u

| N_bdl"ﬁj LlS]hg conaftion v [U>4g)e  V becowes s 8535 4o
100 100 .




| EmmP\e,s:

D -Avithmetic O[:tim]cfom
Vi €c (2)4,6,3)

U2 & e (,253,4)

4 E lerrent — Wise. -AddTtion.

poiot (J1+ua) =% ootpot: 361 12.
=4 Elerment — Wlise Soltxaction .

| \'Jmﬁktul—'—u;)fﬁ— ootpot 118 54
o Element - wilse N\UH%’PHQQ{'IOD.
st'\o’c (Vixun) ootpot: 8 8 1S 29 .
4 Elemerst_ Wise. Rivision.
Pﬁlrr‘c (ut[va)=F thgt— - 2888.
g)-Accessin Elernents fsorm a Uectos .

| Y& £- L0205 30, AO)@)
- Get clermrents ecrtes than 35.
ot (v Cusas 1)

Qutpot 01] 30 40 ™

)sing all and ang 7o R:
9 g
= allt) Rtoros TRUE all elerrert ot A |ochal wectos
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UNIT-III

Merging DataFrame

Merging DataFrames in Pandas is similar to performing SQL joins. It is useful when we need
to combine two DataFrames based on a common column or index. The merge() function

provides flexibility for different types of joins.

There are four basic ways to handle the join (inner, left, right and outer) depending on which

rows must retain their data.

=

INNER JOIN LEFT OUTER JOIN

(X

RIGHT OUTER JOIN FULL QUTER JOIN

6

\ J

1. Merging DataFrames Using One Key

We can merge DataFrames based on a common column by using the on argument. This
allows us to combine the DataFrames where values in a specific column match.

import pandas as pd

datal = {'key": ['KO', 'K1', 'K2', 'K3'],
'Name':['Jai', 'Princi', 'Gaurav', 'Anuj'],

'‘Age':[27, 24, 22, 32],}

data2 = {'key": ['KO', 'K1', 'K2', 'K3'],
'Address':['Nagpur', 'Kanpur', 'Allahabad’, 'Kannuaj'],

'Qualification':['Btech’, 'B.A', 'Bcom', 'B.hons']}



df = pd.DataFrame(datal)
dfl = pd.DataFrame(data2)

print(df, "\n\n", df1)

Output:

key Name Age
8 K8 Jai 27
1 K1 Princi 24
2 K2 Gaurav 22
3 K3 Anuj 32

key Address Qualification
8 Ka MNagpur Btech
1 K1 Kanpur B.A
2 K2 Allahabad Ecom
3 K3 Kannuaj B.hons

Now here we are using .merge() with one unique key combination.

res = pd.merge(df, df1, on="key')

res
Output:
key Name Age Address Qualification
0 KO Jai 27 Nagpur Btech
1. Ki Princi 24 Kanpur B.A
2 K2 Gaurav 22 Allahabad Bcom
3 K3 Anuj 32  Kannugj B.hons

2. Merging DataFrames Using Multiple Keys

We can also merge DataFrames based on more than one column by passing a list of column
names to the on argument.

import pandas as pd

datal = {'key": ['KO', 'K1', 'K2', 'K3'],
'keyl1': ['KO', 'K1', 'KO', 'K1'],
'Name':['Jai', 'Princi', 'Gaurav', 'Anuj'],

'‘Age':[27, 24, 22, 32],}



data2 = {'key": ['KO', 'K1', 'K2', 'K3'],

'key1": ['KO', 'KO', 'KO', 'KO'],

'Address':['Nagpur', 'Kanpur', 'Allahabad’, 'Kannuaj'],

'Qualification':['Btech’, 'B.A', 'Bcom’, 'B.hons']}

df = pd.DataFrame(datal)

dfl = pd.DataFrame(data2)

print(df, "\n\n", df1)

key keyl Name Age
B Ke Ka Jai 27
1 K1 K1 Princi 24
2 K2 K& Gaurav 22
3 K3 K1 Anuj 32

key keyl Address Qualification
8 Keé Ko Nagpur Btech
1 K1 K8 Kanpur E.A
2 K2 K& Allahabad Bcom
3 K3 Ko Kannuaj B.hons

Now we merge dataframe using multiple keys.

resl = pd.merge(df, df1, on=['key', 'key1'])

resl
Output
key keyl
0 KO KO
1 K2 KO

Name Age Address Qualification
Jai 27 Nagpur Btech
Gaurav 22 Allahabad Bcom

3. Merging DataFrames Using the how Argument

We use how argument to merge specifies how to find which keys are to be included in the

resulting table. If a key combination does not appear in either the left or right tables, the

values in the joined table will be NA. Here is a summary of the how options and their SQL

equivalent names:

MERGE METHOD

JOIN NAME DESCRIPTION




MERGE METHOD | JOIN NAME

LEFT OUTER JOIN

RIGHT OUTER JOIN

FULL OUTER JOIN

INNER JOIN
import pandas as pd
datal = {'key": ['KO', 'K1', 'K2', 'K3'],

'key1': ['KO', 'K1', 'KO', 'K1],

DESCRIPTION

Use keys from left frame only

Use keys from right frame only

Use union of keys from both frames

Use intersection of keys from both frames

'Name':['Jai', 'Princi’, 'Gaurav', 'Anuj'],

'Age"[27, 24, 22, 32],}
data2 = {'key": ['KO', 'K1', 'K2', 'K3'],

'key1': ['KO', 'KO', 'KO', 'KO'],

'Address':['Nagpur', 'Kanpur', 'Allahabad’, 'Kannuaj'],

'Qualification':['Btech’, 'B.A', 'Bcom’, 'B.hons']}

df = pd.DataFrame(datal)
dfl = pd.DataFrame(data2)
print(df, "\n\n", df1)
Output:

key keyl Name Age

8 Ko Ke Jai 27
1 K1 K1 Princi 24
2 K2 K& Gaurav 22
3 K3 K1 Anuj 32

key keyl Address Qualification
8 Ke Ke Nagpur Btech
1 K1 Ka Kanpur B.A
2 K2 Ke Allahabad Bcom
3 K3 Ke Kannuaj B.hons



Now we set how = 'left' in order to use keys from left frame only. In this it includes all rows
from the left DataFrame and only matching rows from the right.

res = pd.merge(df, dfl, how='left', on=['key"', 'key1'])
res

Output:

key keyl Name Age Address Qualification

0 KO KO Jai 27 Nagpur Btech
1 K1 K1 Princi 24 NaN NaN
2 K2 KO Gaurav 22 Allahabad Bcom
3 K3 K1 Anuj 32 NaN NaN

Now we set how = 'right' in order to use keys from right frame only. In this it includes all
rows from the right DataFrame and only matching rows from the left.

resl = pd.merge(df, df1, how="right', on=['key', 'key1'])
resl

Output

key keyl Name Age Address Qualification

0 KO KO Jai 27.0 Nagpur Btech
1 K1 KO NaN NaN Kanpur B.A
2 K2 KO Gaurav 220 Allahabad Bcom
3 K3 KO NaN NaN  Kannuaj B.hons

Now we set how = 'outer' in order to get union of keys from dataframes. In this it combines
all rows from both DataFrames, filling missing values with NaN.

res2 = pd.merge(df, df1, how='outer', on=['key', 'key1'])

res2
Output:
key key1l Name Age Address Qualification
o KO KO Jai 27.0 Nagpur Btech
1 K1 KO NaN NaN Kanpur B.A
2 K1 K1 Princi 240 NaN NaN
3 K2 KO Gaurav 220 Allahabad Bcom
4 K3 KO NaN NaN Kannuaj B.hons
5 K3 K1 Anuj 320 NaN NaN



Now we set how ='inner' in order to get intersection of keys from dataframes. In this it only
includes rows where there is a match in both DataFrames.

res3 = pd.merge(df, df1, how='inner', on=["key', 'key1'])

res3
Output:
key keyl Name Age Address Qualification
0 KO KO Jai 27 Nagpur Btech
1 K2 KO Gaurav 22 Allahabad Bcom

Joining DataFrame

The .join() method in Pandas is used to combine columns of two DataFrames based on their
indexes. It's a simple way of merging two DataFrames when the relationship between them
is primarily based on their row indexes. It is used when we want to combine DataFrames
along their indexes rather than specific columns.

1. Joining DataFrames Using .join()

If both DataFrames have the same index, we can use the .join() function to combine their
columns. This method is useful when we want to merge DataFrames based on their row
indexes rather than columns.

import pandas as pd

datal = {'Name':['Jai', 'Princi', 'GauraVv', 'Anuj'],
'‘Age":[27, 24, 22, 32]}

data2 = {'Address':['Allahabad’, 'Kannuaj', 'Allahabad’, 'Kannuaj'],
'Qualification":['MCA', 'Phd', 'Bcom’, 'B.hons']}

df = pd.DataFrame(datal,index=['K0', 'K1', 'K2', 'K3'])

dfl = pd.DataFrame(data2, index=['K0', 'K2', 'K3', 'K4'])

print(df, "\n\n", df1)

Name Age

Ke Jai 27
K1 Princi 24
K2 Gaurav 22
K3 Anuj 32

Address Qualification

Ke Allahabad MCA
K2 Kannuaj Phd
K3 Allahabad Bcom

K4 Kannuaj B.hons



Now we are using .join() method in order to join dataframes

res = df.join(df1)

res
Name Age Address Qualification

KO Jai 27 Allahabad MCA
K1 Princi 24 NaN NaN
K2 Gaurav 22  Kannuaj Phd
K3 Anuj 32 Allahabad Bcom

Now we use how = 'outer' in order to get union

resl = df.join(df1, how='outer')

resl
Name Age Address Qualification
KO Jai 27.0 Allahabad MCA
K1 Princi 24.0 NaN NaN
K2 Gaurav 22.0 Kannuaj Phd
K3 Anuj 32.0 Allahabad Bcom
K4 NaN NaN  Kannuaj B.hons

2. Joining DataFrames Using the "on" Argument

If we want to join DataFrames based on a column (rather than the index), we can use the on
argument. This allows us to specify which column(s) should be used to align the two
DataFrames.

import pandas as pd
datal = {'Name":['Jai', 'Princi', 'Gaurav', 'Anuj'],
'Age':[27, 24, 22, 32],
'Key":['KO', 'K1', 'K2', 'K3']}
data2 = {'Address':['Allahabad’, 'Kannuaj', 'Allahabad’, 'Kannuaj'],

'Qualification':['MCA', 'Phd', 'Bcom’, 'B.hons']}



df = pd.DataFrame(datal)
dfl = pd.DataFrame(data2, index=['K0Q', 'K2', 'K3', 'K4'])
print(df, "\n\n", df1)

Output:

Name Age Key

a Jai 27 K@
1 Princi 24 K1
2  Gaurav 22 K2
3 Anuj 32 K3

Address Qualification
K@ Allahabad MCA
K2 Kannuaj Phd
K3 Allahabad Bcom
K4 Kannuaj B.hons

Now we are using .join with “on” argument.

res2 = df.join(df1, on="Key')

res2
Output:
Name Age Key Address Qualification
0 Jai 27 KO Allahabad MCA
1 Princi 24 K1 NaN NaN
2 Gaurav 22 K2 Kannuaj Phd
3 Anuj 32 K3 Allahabad Bcom

3. Joining DataFrames with Different Index Levels (Multi-Index)

In some cases, we may be working with DataFrames that have multi-level indexes.
The .join() function also supports joining DataFrames that have different index levels by
specifying the index levels.

import pandas as pd
datal = {'Name':['Jai', 'Princi', 'Gaurav'],
'Age':[27, 24, 22]}

data2 = {'Address':['Allahabad’, 'Kannuaj', 'Allahabad’, 'Kanpur']



'Qualification':['MCA', 'Phd', 'Bcom’, 'B.hons']}
df = pd.DataFrame(datal, index=pd.Index(['K0', 'K1', 'K2'], name="key"))
index = pd.Multilndex.from_tuples([('K0', 'YO"), ('K1', 'Y1'),
('K2%,'Y2"), ('K2', 'Y3")],
names=['key', 'Y'])
dfl = pd.DataFrame(data2, index= index)

print(df, "\n\n", df1)

Output:

Mame Age
key
Ka Jai 27

K1 Princi 24
K2 Gaurawv 22

Address Qualification

key ¥

K& Y& Allahabad MCA

K1 ¥i Kannuaj Phd

K2 ¥2 Allahabad Bcom
Y3 Kanpur B.hons

Now we join singly indexed dataframe with multi-indexed dataframe.

result = df.join(df1, how='inner')

result
Output:
Name Age Address Qualification
key Y
KO YO Jai 27 Allahabad MCA
K1 Y1 Princi 24  Kannuaj Phd
K2 Y2 Gaurav 22 Allahabad Bcom

Y3 Gaurav 22 Kanpur B.hons



Applying Functions to Data Frames
As with lists, you can use the lapply and sapply functions with data frames.
Using lapply() and sapply() on Data Frames

The data frames are special cases of lists, with the list components consisting of the data
frame’s columns. Thus, if you call lapply() on a data frame with a specified function f(),
then f() will be called on each of the frame’s columns, with the return values placed in a list.

For instance, with our previous example, we can use lapply as follows:

>d
kids ages
1Jack 12
2 Jill 10
> dI <- lapply(d,sort)
> dl
$kids
[1] "Jack" "Jill"
$ages
[1] 10 12

1. Using apply()
The apply() function works mainly with matrices, but it also works with data frames (which
are internally lists of equal-length vectors).
Syntax:
apply(dataframe, MARGIN, function)
MARGIN =1 - apply function row-wise
MARGIN = 2 = apply function column-wise
Example:
df <- data.frame(

A=c(1,2,3),

B=c(4,5, 6),

C=c¢(7,8,9)
)
# Column-wise sum
apply(df, 2, sum)

# Row-wise mean

apply(df, 1, mean)

2. Using lapply()

lapply() applies a function to each column of the data frame and returns a list.
lapply(df, mean)

<& 3. Using sapply()
sapply() is similar to lapply(), but it simplifies the result (vector or matrix if possible).
sapply(df, mean)

<& 4. Using mapply()



mapply() applies a function to multiple columns element-wise.
dfSA <-¢(1,2,3)
df$B <- c(4,5,6)

# Add corresponding elements of A and B
mapply(sum, dfSA, dfSB)

<& 5. Using dplyr (Tidyverse approach)
If you’re using dplyr, you can apply functions easily with mutate(), summarise(), and across().
library(dplyr)

# Apply mean to all columns
df %>% summarise(across(everything(), mean))

# Apply log() to all numeric columns
df %>% mutate(across(where(is.numeric), log))

Apply function to every value in R dataframe

In R Programming Language to apply a function to every integer type value in a data frame,
we can use lapply function from dplyr package. And if the datatype of values is string then
we can use paste() with lapply. Let's understand the problem with the help of an example.
Dataset in use:

[a]ele o
1., 18|21 4

5 6 5 7
943 1
HG 3 2 3

after applying value*7+1 to each value of the dataframe
Expected result:

alole o]




) 64
43 22 | 99 22
36 43

"

Method 1 : Using lapply function:

lapply is a function from apply family. By using lapply, we can avoid for loop as for loop is
slower than lapply. lapply works faster than a normal loop because it doesn't mess with the
environment you work in. It returns output as a list. 'l' in lapply indicates list.

Syntax:

lapply(X, FUN, ...)

Here, X can be a vector list or data frame. And FUN takes a function that you wish to apply to
the data frame as an argument.

Approach:

Create a dummy dataset.

Create a custom function that you want to apply to every value in the data frame.

Apply this custom function to every value in the data frame with the help of lapply.

Display result

Example

# Apply function to every value in dataframe

# Creating dataset
m <- ¢(1,9,6,5,9,6)
n <- c(8,2,3,6,4,3)
0 <-¢(21,0,14,5,3,2)
p <- c(4,6,3,7,1,3)
# creating dataframe
df <- data.frame(A=m,B=n,C=0,D=p)
# creating function
# that will multiply
# each value by 7 and then add 1
magic_fun <- function(x){
return (x*7+1)}
# applying the custom function to every value and converting
# it to dataframe, as lapply returns result in list
# we have to convert it to data frame
data.frame(lapply(df,magic_fun))
Output :



Console  Terminal Jobs

~[

Using lapply

Method 2 : Using paste and apply function:

paste() takes an R object as an argument and converts it to characters then paste it back
with another string, i.e.it converts the argument to the character string and concatenates
them.

Syntax:

paste (..., sep="")

Our R object which is to be converted to string goes in place of "...
character string to separate the terms.

Approach:

Create a dummy dataset.

Apply the custom function which will print "Hello," then value in the data frame value
Display result

Example:

# Apply function to every value in dataframe

# Creating dataset

m <- ¢("Vikas","Varun","Deepak")

n mn

, Sep= represents a

n <- c("Komal","Suneha","Priya")

# creating dataframe

df <- data.frame(A=m,B=n)

# Applying custom function to every element in dataframe
df[]<-data.frame(lapply(df,function(x) paste("Hello,",x,sep="")))
# display dataset

df

Output:



Console  Terminal Jobs

Using paste and apply

Method 3: Using purrr

purrr is a functional programming toolkit. Which comes with many useful functions such as
a map. The map() function iterates across all entries of the vector and returns the output as
a list. It allows us to replace for loop with in the code and makes it easier to read.

Syntax :

map(.x, .f) returns a list

map_df(.x, .f) returns a data frame

map_dbl(.x, .f) returns a numeric (double) vector

map_chr(.x, .f) returns a character vector

map_Igl(.x, .f) returns a logical vector

Here, .x is input and .f is a function that you want to be applied. Input to map function can
be a list, a vector, or a data frame.

Note: You need to install purrr package explicitly using the following command.
install.packages("purrr")

Approach :

Create a vector, a list and a data frame

Create a custom function which you want to be applied.

Use map() to apply custom function on vector, list and data frame.

Display result

Factors in R
Factors in R are data structures used to represent categorical data. They are essentially
integer vectors where each integer is assigned a label, known as a "level." This allows for
efficient storage and manipulation of categorical variables.
Key characteristics of factors:

e Categorical Data:
Factors are designed for variables with a limited and predefined set of possible values (eg,
"Male," "Female" for gender, or "Red," "Green," "Blue" for color).

o Levels:



The distinct values a factor can take are called its levels. By default, R sorts these levels
alphabetically.

e Storage:
Although they appear as character strings, factors are stored internally as integers, which
optimizes memory usage, especially with repeating values.

o Statistical Modeling:
Factors are crucial in statistical modeling functions like Im()and glm(), as they correctly
represent categorical variables for analysis.

e Ordered vs. Unordered:
Factors can be either ordered (eg, "Low," "Medium," "High") or unordered (eg, "North,"
"South," "East," "West").

Creating a factor:
Code
gender <- factor(c("Male", "Female", "Male", "Female", "Male"))

Factors

Factors in R are data structures used to represent categorical variables. They are essentially
integer vectors with associated labels (levels) that correspond to the unique categories.
e Purpose: Factors are crucial for statistical analysis and modeling functions
(e.g., Im(), glm()) as they correctly handle categorical variables, ensuring appropriate
statistical tests and model interpretations.
e Creation: Factors are created using the factor() function.
# Create a character vector
gender_vector <- c("male", "female", "male", "female", "male")

# Convert to a factor
gender_factor <- factor(gender_vector)
print(gender_factor)
o Levels:
Factors have predefined levels, which are the distinct categories. By default, levels are sorted
alphabetically. The levels() function can be used to view or modify the order of levels.
e Ordered Factors:
Factors can be ordered, meaning there's an inherent order among the categories (e.g.,

"low", "medium", "high"). This is specified using the ordered = TRUE argument in
the factor() function.

Tables

Tables in R, typically created using the table() function, are used to generate frequency
distributions of one or more categorical variables (factors).
e Purpose:
Tables provide a concise summary of how many observations fall into each category or
combination of categories. They are essential for understanding data distributions and
exploring relationships between categorical variables.
e Creation:
The table() function takes one or more factors (or variables that can be coerced to factors) as
arguments.
# Create a factor
color_factor <- factor(c("red", "blue", "red", "green", "blue"))



# Create a frequency table
color_table <- table(color_factor)
print(color_table)

# Create a two-way contingency table
gender_color_table <- table(gender_factor, color_factor)
print(gender_color_table)
e Contingency Tables:
When table() is used with multiple factors, it creates a multi-dimensional contingency table,
showing the joint frequencies of the categories.
e Analysis:
Tables are often the starting point for further statistical analysis, such as chi-squared tests for
independence using chisg.test().

Tables in R
Tables in R, often created using the table()function, are used to generate frequency
distributions or cross-tabulations of categorical variables, including factors. They provide a
summary of the counts of occurrences for each unique value or combination of values.
Key characteristics of tables:

e Frequency Distributions:
A single factor can be used to create a simple frequency table showing the count of each
level.

e Cross-Tabulations (Contingency Tables):
Multiple factors can be used to create a two-way (or multi-way) cross-tabulation, displaying
the joint frequencies of combinations of levels.

e Output:
The table()function returns a "table" object, which is a specialized form of vector or matrix
designed for displaying frequencies.

Creating a table:

Code

# Using the factor created above
gender_table <- table(gender)

# Creating a cross-tabulation with another factor (e.g., 'education_level')
education_level <- factor(c("High School", "College", "High School", "College", "Graduate"))
cross_table <- table(gender, education_level)

Factors and levels
In R programming, factors are data structures used to represent categorical data. They are
essentially integer vectors where each integer is associated with a label, known as a
level. Factors are particularly useful for statistical modeling and plotting, as R's statistical
functions often treat factors differently than other data types like character or numeric
vectors.
Here's a breakdown of factors and levels:
Factors:

e Purpose:



Factors are designed to handle categorical data, which are variables that can take on a limited
number of distinct values or categories. Examples include gender (Male, Female), education
level (High School, Bachelor's, Master's), or product quality (Good, Average, Bad).
e Storage:
While they display as labels (e.g., "Male", "Female"), factors are internally stored as integers,
with each integer mapping to a specific level. This makes them memory-efficient compared
to storing character strings directly.
e Types:
Factors can be ordered or unordered.
e Unordered factors: The levels have no inherent order (e.g., "Red", "Green",
"Blue").
e Ordered factors: The levels have a meaningful order (e.g., "Low" < "Medium"
<"High"). This is important for analyses that depend on the order of

categories.
e Creation:
Factors are created using the factor() function.

Levels:

e Definition:
Levels are the distinct, predefined categories or values that a factor can take. They are the
labels associated with the internal integer representation of the factor.

e Default Order:
By default, R sorts factor levels alphabetically when a factor is created without explicitly
specifying the levels argument in the factor() function.

e Custom Order:
You can specify the order of levels when creating a factor using the levels argument in
the factor() function. This is crucial for ordered factors or when you want a specific display
order.

e Accessing Levels:
The levels of a factor can be accessed and manipulated using the levels() function.
Example:
§&
# Create a character vector
colors_vector <- c¢("Red", "Blue", "Green", "Red", "Blue")

# Convert to an unordered factor

colors_factor unordered <- factor(colors_vector)
print(colors_factor unordered)

# Output: [1] Red Blue Green Red Blue

# Levels: Blue Green Red (default alphabetical order)

# Convert to an ordered factor with custom levels
satisfaction_vector <- ¢("Medium", "High", "Low", "Medium")
satisfaction_factor ordered <- factor(satisfaction vector,
levels = c("Low", "Medium", "High"),
ordered = TRUE)
print(satisfaction factor ordered)
# Output: [1] Medium High Low Medium
# Levels: Low < Medium < High (custom order)

Level Ordering of Factors in R Programming
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Level ordering controls how categorical values are stored, displayed, and interpreted in
analyses and plots. By default, R orders factor levels alphabetically. In this article, we will
see the level ordering of factors in the R Programming Language.
What Are Factors in R?
Factors are data objects used to categorize data and store it as levels. They can store a string
as well as an integer. They represent columns as they have a limited number of unique values.
Factors in R can be created using the factor() function. It takes a vector as input. ¢()
function is used to create a vector with explicitly provided values.
Example:
In this example, x is a vector with 8 elements. To convert it to a factor the function factor() is
used. Here, there are 8 factors and 3 levels. Levels are the unique elements in the data. It can
be found using the levels() function
x <- ¢("Pen", "Pencil", "Brush", "Pen",

"Brush", "Brush", "Pencil", "Pencil")

print(x)
print(is.factor(x))

# Apply the factor function.

factor x = factor(x)

levels(factor x)

Output :

[1] "Pen" "Pencil" "Brush" "Pen" "Brush" "Brush" "Pencil" "Pencil"

[1] FALSE

[1] "Brush" "Pen" "Pencil"
Ordering Factor Levels
Ordered factors levels are an extension of factors. It arranges the levels in increasing order.
We use two functions: factor() and argument ordered().
1. Using the factor() Function
You can rearrange factor levels by actually stating the order in the levels argument to the
factor() function. This is perfect if you have an established, predetermined order for your
factor levels.
Syntax:
factor(data, levels =c(""), ordered =TRUE)
Parameter:

o data: input vector with explicitly defined values.

e levels(): Mention the list of levels in ¢ function.

o ordered: It is set true for enabling ordering.
Example: In this example, the size vector is created using the ¢ function. Then it is converted
to a factor. For the ordering factor, the factor() function is used along with the arguments
described as "Orderd=TRUE" . Thus the sizes are arranged in order.

nn

size = ¢("small", "large", "large", "small",

"nn nn

"medium", "large", "medium", "medium")

size factor <- factor(size)


https://www.geeksforgeeks.org/r-language/r-factors/
https://www.geeksforgeeks.org/r-language/how-to-convert-factor-levels-to-list-in-r/

print(size factor)

ordered.size <- factor(size, levels = ¢(

"small", "medium", "large"), ordered = TRUE)
print(ordered.size)
Output:
[1] small large large small medium large medium medium
Levels: large medium small

[1] small large large small medium large medium medium
Levels: small < medium < large
2. Using the ordered() Function
The same can be done using the ordered function.
Example:
sizes <- factor(c("small", "large", "large",
"small", "medium"))

# ordering the levels
sizes <- ordered(sizes, levels = ¢("small", "medium", "large"))
print(sizes)
Output:
[1] small large large small medium
Levels: small < medium < large
Level ordering visualization in R
To visualise the level ordering , we have a dataset of student grades, and we want to create a
boxplot to compare the distribution of grades for different class levels (freshman, sophomore,
junior, and senior). We can create a factor variable to represent the class levels and specify
the level ordering so that the boxplot is ordered by class level.
Example:
In this example, we create a sample dataset of student grades with a grade column and
a level column representing the class level of each student. We then create a factor
variable level from the level column and specify the level ordering as "freshman",
"sophomore", "junior", and "senior" using the factor() function.
Finally, we create a boxplot of grades by class level using the boxplot() function.
The grade column represents the response variable, and the level column represents the
explanatory variable. We also specify a title for the plot.
grades <- data.frame(
grade = ¢(75, 82, 68, 92, 89, 78, 85, 90, 72, 81, 94, 87, 79, 86, 91),
level = factor(c(rep("freshman", 5), rep("'sophomore", 4), rep("junior", 3), rep("senior", 3)))

)

nn "nong nn

grades$level <- factor(grades$level, levels = c("freshman", "sophomore", "junior", "senior"))

boxplot(grade ~ level, data = grades, main = "Student Grades by Class Level")
Output:



Student Grades by Class Level
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Level Ordering of Factors in R Programming
Examples

Factor Example
# Factor for fruits
fruits <- factor(c("Apple", "Mango", "Apple", "Banana", "Mango", "Apple"))

print(fruits) # prints factor values
print(levels(fruits)) # shows unique categories
Output:

[1]Apple Mango Apple Banana Mango Apple
Levels: Apple Banana Mango
[1]"Apple" "Banana" "Mango"

< 2. Table Example (One-way)
# Frequency of fruits
table(fruits)
Output:
fruits
Apple Banana Mango

31 2

<& 3. Two-way Table

# Factors for gender and preference

gender <- factor(c("Male", "Female", "Male", "Female", "Female", "Male"))
drink <- factor(c("Tea", "Coftee", "Coffee", "Tea", "Tea", "Coffee"))

# Cross tabulation
table(gender, drink)
Output:

drink



gender Coffee Tea
Female 1 2
Male 2 1

<& 4. Using prop.table() (Proportions)
# Proportion instead of counts
prop.table(table(gender, drink))
Output (as fractions of total 6):
drink

gender Coffee  Tea

Female 0.1666667 0.3333333

Male 0.3333333 0.1666667

<& 5. Three-way Table
age group <- factor(c("Young", "Young", "OId", "Young", "OId", "Old"))

# 3D table (gender x drink x age)
table(gender, drink, age group)
Output (simplified view):

, ,age group = Old

drink

gender Coffee Tea
Female 0 1
Male 20
age group = Young
drink

gender Coffee Tea
Female 1 1
Male 0 1

o Factors = categories (Apple, Mango, Banana, ...)
o Tables = count how often each category (or combination) appears

Common functions used with factors in R include:
Creation and Identification:
factor(): Converts a vector into a factor.
as.factor(): Converts an object to a factor.
is.factor(): Checks if an object is a factor, returning TRUE or FALSE.
ordered(): Creates an ordered factor, where levels have a specific order.
is.ordered(): Checks if a factor is ordered.
gl(): Generates factor levels, useful for creating factors with a specific number of
levels and replications.
Accessing and Modifying Properties:
o levels(): Retrieves or sets the levels of a factor.
e nlevels(): Returns the number of levels in a factor.
e length(): Returns the number of elements in a factor.
Data Manipulation and Analysis:
o table(): Creates a frequency table of factor levels, showing the count of each level.



e summary(): Provides a summary of the factor, including frequency counts for each
level.

e as.character(): Converts a factor back to a character vector.

o as.numeric(): Converts a factor to its underlying numeric codes.
forcats Package (for advanced factor manipulation):

o fct reorder(): Reorders factor levels based on another variable.

o fct recode(): Recodes factor levels, changing their names.

o fct collapse(): Collapses multiple factor levels into a single level.

Working with tables in R involves various operations, including creating,

inspecting, manipulating, and presenting tabular data.

1. Creating Tables:

e Frequency Tables: The table() function is used to create frequency tables for
categorical variables.

&
vec<-¢(2,4,3,1,2,3,2,1,4,2)
table(vec)
o Contingency Tables (Cross-tabulations): table() can also be used with multiple
variables to create contingency tables, showing the relationship between categories.
§&
df <- data.frame(
"Name" = c("abc", "cde", "def"),
"Gender" = ¢("Male", "Female", "Male")
)
table(df$Name, df$Gender)
e From Scratch: You can create a table from a matrix using as.table().
&
mat <- matrix(c(10, 20, 30, 40), nrow = 2, byrow = TRUE)
my_table <- as.table(mat)
2. Inspecting Tables:
e head(): Displays the first few rows of a table or data frame.
§&
head(my_data frame)
e str(): Provides a summary of the structure of the data, including data types and
dimensions.
§&
str(my_data_frame)
3. Manipulating Tables (often using dplyr or base R):
o Filtering Rows: Select rows based on conditions.

§&

# Using dplyr

library(dplyr)

filtered data <- my data frame %>% filter(column_name > value)

# Using base R

filtered data base <- my data frame[my data frame$column name > value, ]
e Selecting Columns: Choose specific columns of interest.
§&

# Using dplyr

selected columns <- my data_frame %>% select(coll, col2)



# Using base R
selected columns base <- my data frame[, c¢("coll", "col2")]
e Summarizing Data: Calculate summaries like mean, median, sum, etc.

§&

# Using dplyr
summary data <- my_data frame %>% summarize(mean_col = mean(column_name))
e Grouping Data: Perform operations within groups defined by one or more categorical
variables.

§&

# Using dplyr

grouped summary <- my_data frame %>% group by(category col) %>%
summarize(mean_col = mean(value col))
e Adding New Columns: Create new columns based on existing ones.

§&

# Using dplyr

new_column_data <- my data frame %>% mutate(new_col = coll * col2)
# Using base R

my_data_frame$new col <- my data frame$coll * my data frameS$col2

4. Presenting Tables:

o Packages like gt, kableExtra, reactable, DT: These packages offer advanced
functionalities for creating aesthetically pleasing and interactive tables for reports,
web applications, or presentations. They allow for custom styling, formatting, and
interactive features.

Working with Factors
e Creating Factors:
Use factor() to create a factor from a vector or to define a specific order for the factor's
levels using ordered=TRUE or the ordered() function.
o Inspecting Factors:
o levels(my factor): Displays the different categories or levels of the factor.
o summary(my_factor): Shows the frequency (count) of each level.
o is.factor(my variable): Checks if a variable is a factor.
Converting Factors:
e as.numeric(my_factor): Converts a factor to a numeric vector representing the
underlying integer codes of the levels.
e as.character(my_factor): Converts a factor to a character vector, which
preserves the level names.
. Working with Tables (Frequency Tables)
Creating Tables:
o table(my factor): Creates a frequency table of factor levels, showing the
counts for each category.
o table(factorl, factor2, factor3): Creates a multi-dimensional contingency table
for three or more categorical variables.
o ftable(my multi dim_table): Prints multi-dimensional tables in a more
compact, "flat" format for better readability.
Modifying Tables:
e prop.table(my_table): Converts a frequency table into a table of proportions.
e margin.table(my table): Calculates the marginal frequencies (total counts) for
rows or columns of a table.
Statistical Tests with Tables:

\S)



e chisqg.test(my table): Performs a Chi-Square test for independence on a two-

dimensional table.
3. Other Related Functions
e Applying Functions to Groups:

o tapply(x, f, FUN): Applies a function (FUN) to subsets of a vector (x) defined
by a factor (f).

o aggregate(x ~ f, data=my_data, FUN=mean): A more general way to
summarize data in a data frame by grouping with factors, often used for
calculating means, sums, etc., within each group.

e Visualizing Tables:

o barplot(table(my factor)): Creates a bar plot from the frequency table of a

factor, visualizing the counts of each category.

other factors and tables related functions
When designing or managing any table (document, spreadsheet, or database):

1. Data Integrity
o Use validation rules or constraints to avoid duplicates and invalid data.
2. Normalization / Structure
o Especially in databases: split repeated info into separate tables with
relationships.
3. Performance & Size
o For large data sets, plan indexes (SQL) or filters (Excel/Pandas) for faster
queries.
4. Security & Access
o Control who can edit or view sensitive rows/columns.

5. Consistency
o Stick to a single data type per column (e.g., don’t mix text and numbers).
6. Documentation & Metadata
o Add captions, comments, or a data dictionary so others know what each field
means.

&R Table-Related Functions by Environment

[l Spreadsheet (Excel / Google Sheets)

Task Common Functions
Math SUM (), AVERAGE (), COUNT () , ROUND ()
Conditional 17 (), IFS (), COUNTIF (), SUMIF ()
Lookup VLOOKUP (), HLOOKUP () , XLOOKUP (), INDEX () + MATCH ()
Table Ops Insert — Table, structured refs like =Tablel [Column], SORT (), FILTER ()
Text CONCAT (), TEXT (), LEFT (), RIGHT (), TRIM()



SQL Databases

Action Key Statements / Functions
Create/Modify CREATE TABLE, ALTER TABLE, DROP TABLE
Insert/Update INSERT INTO, UPDATE, DELETE
Retrieve SELECT, WHERE, ORDER BY, JOIN
Aggregate COUNT (), SUM (), AVG (), MAX (), MIN ()
Constraints  PRIMARY KEY, FOREIGN KEY, UNIQUE, CHECK

HTML/CSS

e Tags: <table>, <thead>, <tbody>, <tr>, <th>, <td>, <caption>.
e CSS helpers: border-collapse, padding, nth-child (even) for zebra stripes.

Control statements
Control statements in R programming are used to manage the flow of execution within a
program, allowing for decision-making and repetitive actions based on specific conditions.
1. Conditional Statements:

o if statement: Executes a block of code only if a specified condition is TRUE.

86
x<-10
if (x>5) ¢
print("x is greater than 5")
}
o if-else statement: Executes one block of code if the condition is TRUE and another if
it's FALSE.
o)

x<-3
if (x >5) {
print("x is greater than 5")
} else {
print("x is not greater than 5")
§
o if-else if-else statement: Tests multiple conditions sequentially, executing the block
corresponding to the first TRUE condition.
o)

grade <- 85
if (grade >=90) {
print("A")
} else if (grade >= 80) {
print("B")
} else {
print("C")
b
o switch statement: Evaluates an expression and executes code based on its value,
providing a cleaner alternative to nested if-else if for multiple choices.



o)
day <- "Monday"
switch(day,
"Monday" = print("Start of the week"),
"Friday" = print("End of the week"),
print("Mid-week")
)
2. Looping Statements:
o for loop: Iterates over a sequence (e.g., a vector, list, or range of numbers) and
executes a block of code for each element.
o)

for (iin 1:5) {
print(i)
}
o while loop: Continuously executes a block of code as long as a specified condition
remains TRUE.
§&

count <- 1

while (count <= 3) {
print(count)
count <- count + 1

§
o repeat loop: Executes a block of code indefinitely until explicitly terminated by

a break statement.
&

x<-1

repeat {
print(x)
x<-x+1
if (x>3) {

break

h

}

3. Jump Statements (within loops):
o break statement: Terminates the current loop and transfers control to the statement
immediately following the loop.
o next statement: Skips the current iteration of a loop and proceeds to the next iteration.

Arithmetic and boolean operators and values in r programming
R programming language utilizes various operators for arithmetic calculations and logical
(Boolean) operations.
Arithmetic Operators:
These operators perform mathematical computations:
o +:Addition
e -: Subtraction
*: Multiplication
e /: Division
e 7 or **: Exponentiation (raises the first operand to the power of the second)
e %%: Modulus (returns the remainder of a division)
e %/%: Integer Division (returns the quotient of a division, discarding the remainder)
Boolean Operators and Values:



Boolean operators perform logical comparisons and

return TRUE or FALSE values. These TRUE and FALSE are the Boolean values in R.

Relational Operators (return Boolean values):
e <:Less than

e <=: Less than or equal to

e >: Greater than

e >=: Greater than or equal to
e ==:Equal to

e !=:Notequal to

Logical Operators (work with Boolean values):
e &: Element-wise Logical AND. Returns TRUE if both corresponding elements
are TRUE.

e |: Element-wise Logical OR. Returns TRUE if at least one of the corresponding

elements is TRUE.

e !: Logical NOT. Inverts the Boolean value (e.g., TRUE is FALSE).

e &&: Logical AND (scalar). Evaluates only the first element of each operand,
returning a single TRUE or FALSE.

e ||: Logical OR (scalar). Evaluates only the first element of each operand, returning a

single TRUE or FALSE.
Examples:

§&

# Arithmetic Operators

a<-10

b<-3

print(a + b) # Output: 13

print(a - b) # Output: 7

print(a * b) # Output: 30

print(a / b) # Output: 3.333333

print(a * b) # Output: 1000

print(a %% b) # Output: 1 (remainder of 10/3)
print(a %/% b) # Output: 3 (integer part of 10/3)

# Boolean Operators and Values
x<-5

y<-7

print(x <y) # Output: TRUE
print(x ==y) # Output: FALSE
print(x !=y) # Output: TRUE

vecl <- ¢(TRUE, FALSE, TRUE)

vec2 <- c(FALSE, TRUE, TRUE)

print(vecl & vec2) # Output: FALSE TRUE TRUE (element-wise AND)
print(vecl | vec2) # Output: TRUE TRUE TRUE (element-wise OR)
print(!vecl)  # Output: FALSE TRUE FALSE (logical NOT)

print(TRUE && FALSE) # Output: FALSE (scalar AND)
print(TRUE || FALSE) # Output: TRUE (scalar OR)

Default values of arguments

Default arguments provide predefined values for function parameters that are

automatically assigned if a user doesn't provide a value when calling the



function. This allows for flexible function calls, as you can omit certain
arguments and still have the function work correctly using the default
values. Default arguments are typically defined with a specific syntax (like = in
Python and C++) and are placed after any non-default arguments in the function
definition.
How Default Arguments Work
1. Function Definition:
When defining a function, you assign a default value to a parameter using
syntax like parameter name = default value.
2. Function Call:
« If you provide a value for that parameter in the function call, the
default value is overridden.
« If you do not provide a value for the parameter, the function
automatically uses the assigned default value.
Example
Consider a Python function create user(name, country="USA"):
o create user("John") will result in a user named "John" from the "USA",
as "USA" is the default value for country.
o create user("Jane", "Canada") will result in a user named "Jane" from
"Canada", as the explicitly provided "Canada" overrides the default.
Benefits
« Flexibility: Allows functions to be called with fewer arguments, making
them more versatile.
« Simplicity: Reduces the need for separate functions with slightly different
parameter lists.
« Readability: Clearly indicates optional values that are often used.
Key Considerations
« Order:
Default arguments must come after any non-default arguments in the function
definition.
« Scope:
In languages like JavaScript, default parameters are evaluated at the time of the
function call, not when the function is defined.
Returning Boolean values
To return a Boolean value, a function uses conditional logic (like if statements)
or comparison operators to evaluate a condition and
returns True or False (or 1 or 0 in some languages like C) based on the result. In
many programming languages, functions that return a Boolean are often called
"predicate" functions and are good practice to name starting with "is", such
as isEven() or isValid().
1. Using Conditional Statements
You can use if/else statements to check conditions and explicitly
return True or False. Python Example.



Python
def'is_positive(number):
if number > 0:
return True
else:
return False
This function checks if a number is positive, returning True if it is,
and False otherwise. JavaScript Example.
JavaScript
function 1sPositive(number) {
if (number > 0) {
return true;
} else {
return false;

b
j

2. Using Comparison Operators
You can directly return the result of a comparison, as comparison operators
inherently produce a Boolean value. Python Example.
Python
def'is_positive(number):
return number > 0 # Directly returns the result of the comparison
JavaScript Example.
JavaScript
function isPositive(number) {
return number > 0; // The ">' operator returns a boolean directly
b
3. Best Practices
« Naming Conventions:
Name your Boolean-returning functions with a prefix like "is", "has", or "can'
to clearly indicate that they ask a question and answer with a True/False value.
o defis valid user(username)
« function has_permission(user)

o Predicates:

Functions that return a Boolean value are often called "predicate functions".
4. Contexts where Boolean values are used

« Conditional Statements: To control the flow of your program,
like if and else statements.

« Logical Operators: To combine or negate conditions.

« Checking for Success or Failure: To indicate if an operation was
successful or not, such as checking if a file was found or a database
record exists.

Functions and objects



In programming, an object is a fundamental concept representing a collection of data
(properties) and behaviors (methods) that can interact with each other. A function is a
block of reusable code that performs a specific task, and in many languages
like JavaScript, functions themselves are a special type of object, often called
"function objects" or "first-class objects". This means they can be treated as values,
assigned to variables, passed to other functions, and have properties and methods like
other objects, but with the unique ability to be "called" or executed.
Objects
e Definition: A real-world or abstract entity modeled in a program.
o Structure: A collection of properties (key-value pairs), where the value can be any
data type, including another object or a function (which then becomes a method).
o Examples: A "car" object might have properties like color and model, and a method
like startEngine().
Functions
e Definition: A self-contained block of code designed to perform a specific task.
e Purpose: To provide reusable logic, allowing you to avoid repeating code and
organize your program into logical, manageable units.
o Key Distinction: Unlike regular objects, functions are designed to be invoked or
"called" to execute their defined actions.
The Relationship: Functions are Objects (in JavaScript)
o First-Class Objects:
In languages like JavaScript, functions are "first-class citizens" or "first-class objects". This
means they possess all the characteristics of other objects:
e They can be assigned to variables.
o They can be stored in data structures like arrays.
o They can be passed as arguments to other functions (callback functions).
e They can be returned from other functions.
e Function-Specific Properties:
As special objects, function objects have built-in properties and methods that regular objects
don't. Examples include name, length, arguments, call, apply, and bind.
e Methods vs. Functions:
When a function is associated with an object and performs an action on or for that object, it is
often called a method. In JavaScript, all methods are functions, but the term highlights their
role within an object's structure.

Tools for composing functions code

Composing function code in R involves creating and structuring functions to
perform specific tasks, often combining them to build more complex
operations. Several tools and concepts facilitate this process:

1. Integrated Development Environments (IDEs):

« RStudio: The most widely used IDE for R, providing a comprehensive
environment with a code editor, console, workspace viewer, plot viewer,
and integrated tools for package development, version control (Git), and
R Markdown reporting.

2. Core R Language Features:

« function() keyword: Used to define functions, specifying parameters and

the function body.
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§&

my_function <- function(argl, arg2) {
# Function body
result <- argl + arg2
return(result)
b
« Arguments: Inputs passed to functions, allowing for flexible and reusable
code.
« Return values: Functions can return results using the return() statement or
by implicitly returning the last evaluated expression.
o Scoping: Understanding how variables are accessed within functions
(lexical scoping) is crucial for correct function composition.
3. Functional Programming Concepts:
« Anonymous functions:
Functions defined without a name, often used for concise operations within
other functions or functionals.
« Functionals:
Functions that take other functions as arguments
(e.g., lapply, sapply, purrr::map).
o Closures:
Functions created by other functions, retaining access to variables from their
enclosing environment.
« Function operators:
Functions that take functions as input and return modified functions as output.
4. Packages for Enhanced Function Composition:
« magrittr (and the base R pipe [>): Provides the pipe operator (%>% or [>)
for chaining function calls, improving readability and reducing nested
function calls.

§&
library(magrittr)
data %>%
filter(condition) %>%
mutate(new_variable = old_variable * 2) %>%
summarise(mean_value = mean(new_variable))
o dplyr:
A key package for data manipulation, offering functions that are easily
composable with the pipe operator for common data transformation tasks.
e purrr:
Part of the Tidyverse, it provides a consistent and powerful set of tools for
working with functions and iterations, including mapping functions over lists
and vectors.
« devtools and roxygen2:



Essential for developing and documenting R packages, which often involve
composing multiple functions into a cohesive unit.
5. Version Control:

« Git and GitHub: Crucial for managing function code, tracking changes,
collaborating with others, and ensuring reproducibility. RStudio offers
excellent integration with Git.

These tools and concepts collectively empower R users to write modular,
reusable, and maintainable function code, facilitating complex data analysis and
application development.

Environment and scope issues

Environment and scope issues include broad environmental problems such as climate change,
biodiversity loss, and pollution, alongside specific concerns like waste management, resource
depletion, and land degradation. The "scope" refers to the broad extent and nature of these
issues, which are often interconnected and global in nature, impacting everyone from local
ecosystems to the entire planet.

Major Environmental Issues

e Climate Change:
Caused by global warming from fossil fuels, this includes rising sea levels and extreme
weather events.

e Pollution:
This encompasses air pollution from industrial and vehicular sources, water pollution from
various contaminants, plastic pollution, and soil degradation.

o Biodiversity Loss:
The loss of plant and animal species and the destruction of natural habitats due to
deforestation and urbanization.

o Waste Management:
Issues like poor management of solid waste, plastic, and hazardous materials contribute to
pollution and environmental degradation.

e Resource Depletion:
Growing demand from a rising global population leads to the depletion of land, water, and
forest resources.
Scope of Environmental Issues

e Global Impact:
Environmental problems are not confined to specific regions but affect the entire world, such
as climate change and plastic pollution.

o Interconnectedness:
Issues like deforestation, biodiversity loss, and climate change are deeply linked, with actions
in one area affecting others.

e Regional Variations:
While global in scale, specific issues like water scarcity, land degradation, and pollution have
varying impacts and challenges across different regions.

e Socio-Economic Factors:
Environmental challenges are often driven by development and human activities, putting
immense pressure on natural resources.
Environmental Studies & Management

e Multidisciplinary Approach:
Environmental studies integrate various fields, including biology, chemistry, geology,
engineering, sociology, and economics, to understand and address these complex issues.



https://www.google.com/search?sca_esv=ef5c9cfd86438e8a&cs=0&sxsrf=AE3TifNQ0P0NxD8_C9QE3y2L3uqMyTx_pg%3A1758697168364&q=Biodiversity+Loss&sa=X&ved=2ahUKEwjPjbK_6fCPAxV9S3ADHQwaBg0QxccNegQIFxAB&mstk=AUtExfB9SdAR0azwhJEqiRb80Cpd8ncnJNaNxc_nSpXyULVPSwsmd4fNrCYJzs9PqSSlGLJuqLzBfRkScc0dYKy3mjxxaC9jdxCHwfX9n20dNB9WO3Zb2x1njYC33X5fxyuDmg1CdY7H0FolrYAO-AJWjIUEjrW-MZopRGY8Cnhy9bX1H6jtgPMP19IUsyu5sHNS-Wy2evYgyFHwznuT7UtxAo2RkxyEHk30Difk6lw-yJHx2oIoyieXEsp8Cz3MrEH28eEevh1--9kS-6he54f1eLA4&csui=3
https://www.google.com/search?sca_esv=ef5c9cfd86438e8a&cs=0&sxsrf=AE3TifNQ0P0NxD8_C9QE3y2L3uqMyTx_pg%3A1758697168364&q=Waste+Management&sa=X&ved=2ahUKEwjPjbK_6fCPAxV9S3ADHQwaBg0QxccNegQIFRAB&mstk=AUtExfB9SdAR0azwhJEqiRb80Cpd8ncnJNaNxc_nSpXyULVPSwsmd4fNrCYJzs9PqSSlGLJuqLzBfRkScc0dYKy3mjxxaC9jdxCHwfX9n20dNB9WO3Zb2x1njYC33X5fxyuDmg1CdY7H0FolrYAO-AJWjIUEjrW-MZopRGY8Cnhy9bX1H6jtgPMP19IUsyu5sHNS-Wy2evYgyFHwznuT7UtxAo2RkxyEHk30Difk6lw-yJHx2oIoyieXEsp8Cz3MrEH28eEevh1--9kS-6he54f1eLA4&csui=3
https://www.google.com/search?sca_esv=ef5c9cfd86438e8a&cs=0&sxsrf=AE3TifNQ0P0NxD8_C9QE3y2L3uqMyTx_pg%3A1758697168364&q=Socio-Economic&sa=X&ved=2ahUKEwjPjbK_6fCPAxV9S3ADHQwaBg0QxccNegQINxAB&mstk=AUtExfB9SdAR0azwhJEqiRb80Cpd8ncnJNaNxc_nSpXyULVPSwsmd4fNrCYJzs9PqSSlGLJuqLzBfRkScc0dYKy3mjxxaC9jdxCHwfX9n20dNB9WO3Zb2x1njYC33X5fxyuDmg1CdY7H0FolrYAO-AJWjIUEjrW-MZopRGY8Cnhy9bX1H6jtgPMP19IUsyu5sHNS-Wy2evYgyFHwznuT7UtxAo2RkxyEHk30Difk6lw-yJHx2oIoyieXEsp8Cz3MrEH28eEevh1--9kS-6he54f1eLA4&csui=3

o Public Awareness:
Educating the public about environmental problems fosters sensitivity, encourages resource
conservation, and promotes active participation in solutions.

e Prevention and Management:
Environmental studies and management focus on preventing pollution, conserving
biodiversity, and managing natural resources sustainably.

Writing Upstairs
Writing upstairs" in the context of R programming refers to the practice of creating and
managing R scripts and functions in a structured manner, often in separate files, rather than
directly typing and executing code in the R console. This approach promotes organization,
reusability, and easier debugging.
Here's how to implement this in R: Create a New R Script.
In RStudio, navigate to File > New File > R Script to open a new, blank script file. In other
environments, you can use a text editor to create a new file and save it with a .R extension
(e.g., my script.R). Write Your R Code.
Populate the R script with your code, including:

e Functions: Define custom functions to encapsulate specific tasks.

e Variable Assignments: Store data or results in variables.

e Data Manipulation: Perform operations on your data.

o Comments: Use the # symbol to add comments that explain your code and its

purpose, improving readability.

§&

# This is a sample R script for data analysis

# Define a function to calculate the mean

calculate_mean <- function(data_vector) {
mean_value <- mean(data_vector)
return(mean_value)

}

# Create a sample data vector
my data <- c(10, 15, 20, 25, 30)

# Calculate the mean using the defined function
result_mean <- calculate_mean(my_data)

# Print the result
print(paste("The mean of the data is:", result_mean))
Save the R Script.
Save the script file to a designated location on your computer. This allows you to easily
access and reuse your code in the future.
o Execute the Script:
o In RStudio: You can execute individual lines or selected blocks of code by
placing the cursor on the line/block and pressing Ctrl + Enter (or Cmd +
Enter on macOS). To run the entire script, use the "Source" button or Ctrl +
Shift + S.
o From the R Console: Use the source() function to execute the entire script
file. For example:

§&



source("path/to/your/my_script.R")
This method of "writing upstairs" promotes good programming practices in R by separating
code logic from interactive console commands, facilitating project organization and
collaboration.

Recursion
Recursion in R, as in other programming languages, is a technique where a function calls
itself to solve a problem. This approach breaks down a complex problem into smaller, self-
similar subproblems until a simple base case is reached, which can be solved directly without
further recursion.
Key Components of a Recursive Function in R:
o Base Case:
This is the condition that stops the recursion. Without a proper base case, a recursive function
would call itself indefinitely, leading to a stack overflow error.
e Recursive Step:
This is the part of the function where it calls itself with a modified input, typically moving
closer to the base case.
Example: Factorial Calculation using Recursion in R
The factorial of a non-negative integer n is the product of all positive integers less than or
equal to n. It can be defined recursively as:
e 0!=1 (Base case)
e n!=n*(n-1)! for n> 0 (Recursive step)
Code
factorial recursive <- function(n) {
# Base case
ifn==0|n=1){
return(1)
} else {
# Recursive step
return(n * factorial recursive(n - 1))

}
j

# Example usage
print(factorial recursive(5))
# Output: 120
print(factorial recursive(0))
# Output: 1
Advantages of Recursion:

o Elegance and Readability:
For problems that naturally have a recursive structure (like tree traversals or certain
mathematical sequences), recursive solutions can be more concise and easier to understand
than iterative ones.

e Problem Decomposition:
Recursion excels at breaking down complex problems into smaller, manageable subproblems.
Disadvantages and Considerations:

e Performance:
Recursive calls involve overhead due to function call stack management, which can make
them slower than iterative solutions for some problems, especially in R where function calls
can be relatively expensive.

e Memory Usage:



Each recursive call adds a new frame to the call stack. Deep recursion can lead to excessive
memory consumption and potentially stack overflow errors.

e Debugging:
Tracing the execution flow of a recursive function can be more challenging than with
iterative loops.

Replacement functions:
In R, replacement functions are used to modify elements within vectors, lists, or data
frames. The primary function for general replacement is replace(), but other functions
like gsub() and direct indexing can also be used for specific replacement tasks.
1. The replace() function:
The replace() function is a versatile tool for replacing values at specified indices or based on
conditions.
Code
replace(x, list, values)
e x: The vector or object in which values are to be replaced.
e list: An index vector specifying the positions of elements to be replaced. This can be a
numeric vector of indices or a logical vector.
e values: The replacement values. These values are recycled if list has more elements
than values.
Example:
Code
# Replacing elements by index
my vector <- ¢("apple", "orange", "grape", "banana")
new_vector <- replace(my_vector, 2, "blueberry")
print(new_vector)
# Output: [1] "apple"  "blueberry

nn

grape"  "banana"

# Replacing elements based on a condition

numbers <- c(1, 2,4, 4, 5,7)

updated numbers <- replace(numbers, numbers > 4, 50)
print(updated numbers)

# Output: [1] 1244 50 50

2. Direct Indexing for Replacement:

You can directly assign new values to specific elements or subsets of an object using
indexing.

Code

# Replacing a single element

my_vector[2] <- "kiwi"

print(my_vector)

# Output: [1] "apple" "kiwi" "grape" "banana"

# Replacing multiple elements using a logical condition

numbers[numbers == 4] <- 99

print(numbers)

# Output: [1] 1 2 99 99 50 50

3. gsub() and sub() for String Replacement:

For replacing patterns within character strings, gsub() (global substitution) and sub() (single
substitution) are used.

Code



# Global substitution

text <- "This is a test string. This test is repeated."

new_text gsub <- gsub("test", "sample", text)

print(new_text gsub)

# Output: [1] "This is a sample string. This sample is repeated."”

# Single substitution

new_text sub <- sub("test", "sample", text)
print(new_text sub)

# Output: [1] "This is a sample string. This test is repeated."

Tools for string manipulation functions in r
R provides several tools for string manipulation, primarily through
base R functions and dedicated packages.
1. Base R Functions:
+ paste() and paste0(): Concatenate strings. paste0() is a shortcut
for paste(..., sep ="").
Code
paste("Hello", "World") # "Hello World"
pasteO("Hello", "World") # "HelloWorld"
« nchar(): Count the number of characters in a string.
Code
nchar("R Programming") # 13
+ toupper() and tolower(): Convert strings to uppercase or
lowercase.
Code
toupper("hello") # "HELLO"
tolower("WORLD") # "world"
« substr(): Extract a substring from a specified start and end
position.
Code
substr("R Programming", 1, 3) # "R P"
« strsplit(): Split a string into a vector of substrings based on a
delimiter.
Code
strsplit("apple,banana,orange", ",") # list("apple", "banana",
"orange")
« grep(), grepl(), sub(), gsub(): Used for pattern matching and
replacement, often with regular expressions.
o grep(): Returns the indices of elements matching a pattern.
o grepl(): Returns a logical vector indicating matches.



o sub(): Replaces the first occurrence of a pattern.
o gsub(): Replaces all occurrences of a pattern.
Code
grep("a", c("apple", "banana")) # 1 2
gsub("a", "X", "banana") # "bXnXnX"
2. stringr Package:
The stringr package, part of the Tidyverse, offers a consistent and
user-friendly interface for string manipulation. Its functions typically
start with str_.
« str_c(): Concatenate strings (similar to paste(()).
« str_length(): Get the length of strings (similar to nchar()).
« str_to upper(), str_to_lower(), str_to_title(), str _to_sentence():
Case conversion.
« str_sub(): Extract substrings (similar to substr()).
. str_split(): Split strings (similar to strsplit()).
« str_detect(), str_subset(), str_count(), str_extract(), str_replace():
Powerful functions for pattern matching, extraction, and
replacement using regular expressions.
« str_trim(): Remove leading/trailing whitespace.
« str_pad(): Pad strings to a certain length.
3. stringi Package:
The stringi package provides highly optimized and comprehensive
string manipulation functionalities, often with better performance than
base R functions for complex tasks. It's a powerful alternative
to stringr for advanced use cases.
Choosing the right tool:
. For simple, one-off tasks, base R functions are often sufficient.
« For consistent and readable code within the Tidyverse
ecosystem, stringr is the preferred choice.
« For performance-critical applications or advanced Unicode
handling, stringi offers robust solutions.

math and simulation in r

R is a versatile programming language used extensively for
mathematical computations and running simulations in
various fields, from statistics to engineering. You can perform
basic arithmetic and use built-in mathematical functions for
complex calculations, as well as simulate random processes



by generating data from different probability distributions or
for specific equations. R's ability to create sophisticated
graphs and handle computationally intensive tasks makes it a
powerful tool for exploring "what-1f" scenarios, testing
hypotheses, and making data-driven decisions.
Mathematical Computations in R
. Arithmetic Operators:
R uses standard operators (+, -, *, /, etc.) for performing basic
mathematical operations.
. Built-in Functions:
R provides numerous built-in functions for mathematical
tasks, such as:
. sqrt() for square roots
. abs() for absolute values
. ceiling() for rounding up to the nearest integer
. floor() for rounding down to the nearest integer
. max() and min() for finding the highest and lowest
values in a set
. Integration:
R can perform numerical integration using
the integrate() function by specifying the function and the
integration bounds.
. Set Operations:
R offers functions for set operations
like union(), intersect(), setdiff(), and the membership
operator %in%.
Simulation in R
. Generating Random Data:
R can generate random numbers from various distributions
using functions like rnorm() for normal distributions.
. Running Multiple Simulations:
You can use loops (e.g., for loops) or functions like sapply() to
repeat simulations, allowing you to perform statistical analysis
on the simulated results.



. Simulating Equations:
R can simulate equations by running them for numerous
parameter values to understand how they behave under
different conditions.

. Setting a Seed:
To ensure the reproducibility of your simulations, it is
important to set the random seed outside of any loops
or sapply statements.

. Packages:
Various R packages offer specialized functions for more
complex simulation tasks.
Applications of Math and Simulation in R

. Data Analysis & Statistics:
R is widely used for statistical computing and analysis, with
simulation being a powerful tool for understanding complex
systems and random processes.

. Mathematical Modeling:
Students and researchers can use R to create mathematical
models, solve real-world problems, and visualize model
behavior.

. Hypothesis Testing:
Simulations allow for testing hypotheses by analyzing system
behavior under various simulated circumstances.

. Parameter Estimation:
By changing variables and running simulations, you can
estimate the impact of these changes on outcomes, leading to
more accurate parameter estimations.

. Forecasting:
You can leverage simulated data to predict future trends and
behaviors, supporting informed decision-making.



UNIT IV
S3 class in R Programming

S3 classes represent the most fundamental and widely used object-oriented programming
system in R. They are characterized by their simplicity and lack of formal class definitions,
making them highly flexible.

Key characteristics of S3 classes:
e Informal Definition:

S3 classes do not have a formal class definition like S4 or Reference Classes. An object
becomes an S3 object of a particular class simply by assigning a character vector to
its class attribute.

e List-based Structure:

S3 objects are typically built upon lists, where the named components of the list serve as the
object's "member variables" or attributes.

e Generic Functions and Method Dispatch:

S3 relies on generic functions (e.g., print(), summary(), plot()) and a mechanism called
method dispatch. When a generic function is called with an S3 object, R looks for a specific
method function named generic.classname() (e.g., print.myclass()) that corresponds to the
object's class.

e Polymorphism:

This system allows for polymorphism, where the same generic function can behave
differently depending on the class of the object it operates on.

Creating an S3 Class and Object:
e Create a list: Define a list containing the desired components for your object.
CODE
my data <- list(name = "Alice", age = 30, city = "New York")

o Assign a class attribute: Set the class attribute of the list to a character string
representing the class name.

CODE

class(my data) <- "Person"
Now, my data is an S3 object of class "Person".
Creating S3 Methods:

To make generic functions work specifically with your S3 class, you define methods using
the generic.classname() naming convention.



CODE

print.Person <- function(x, ...) {
cat("Name:", x$name, "\n")
cat("Age:", x$age, "\n")
cat("City:", x$city, "\n")

h

Now, when you call print(my data), it will use the custom print.Person method.
Advantages:
o Simplicity and Ease of Use:

S3 is straightforward to learn and implement, contributing to its widespread use in R's base
and many packages.

o Flexibility:
The informal nature allows for easy modification and extension of object structures.
Disadvantages:

o Lack of Formal Definition:

The absence of formal class definitions can lead to less rigorous object structures and
potential inconsistencies if not carefully managed.

e Single Dispatch:

Method dispatch is primarily based on the class of the first argument to the generic function,
limiting multiple dispatch scenarios found in other OOP systems.

Objects have attributes and the most common attribute related to an object is class. The
command class is used to define a class of an object or learn about the classes of an object.
Class is a vector and this property allows two things:

e Objects are allowed to inherit from numerous classes

e Order of inheritance can be specified for complex classes

Example: Checking the class of an object

# Creating a vector x consisting of type of genders
x<-c("female", "male", "male", "female")
# Using the command <code>class()</code>

# to check the class of the vector



class(x)

Output:
[1] "character"

S4 class in r programming

S4 classes in R provide a formal and structured system for object-oriented programming,
offering a more rigorous approach compared to S3 classes. They are particularly useful for
developing complex data structures and R packages.

Key Features of S4 Classes:

o Formal Definition: S4 classes are explicitly defined using the setClass() function,
specifying the class name and its slots (attributes) along with their respective data
types. This formal definition ensures type safety and consistency.

CODE

setClass(
"Person",
slots = list(
name = "character",
age = "numeric",
occupation = "character"
)>
prototype = list(
name = "Unknown",
age = NA real ,
occupation = "Unemployed"
)
)

e Object Creation: Objects of an S4 class are created using the new() function,
providing the class name and initial values for the defined slots.

CODE
john <- new("Person", name = "John Doe", age = 30, occupation = "Engineer")

e Slot Access and Modification: Slots within an S4 object are accessed and modified
using the @ operator.

CODE

john@name # Access the 'name' slot
john@age <- 31 # Modify the 'age' slot

e Generics and Methods: S4 classes leverage generic functions and methods for
polymorphism. Generic functions (like show(), print()) define a general operation,



while methods provide specific implementations of these generics for particular S4
classes. This allows for customized behavior based on the object's class.

CODE

setMethod("show", "Person", function(object) {
cat("Name:", object@name, "\n")
cat("Age:", object@age, "years old\n")
cat("Occupation:", object@occupation, "\n")

1)

john # Calling show(john) implicitly

o Inheritance: S4 classes support inheritance, allowing new classes to extend existing
ones, inheriting their slots and methods. This promotes code reuse and hierarchical
organization.

Advantages of S4 Classes:
e Structure and Formalism: Enforces a clear structure and data types, reducing errors.

e Multiple Dispatch: Can handle methods that depend on the classes of multiple
arguments.

o Package Development: Well-suited for building robust and maintainable R packages.
e Readability and Maintainability: Promotes organized and understandable code.

While S4 classes offer significant advantages for complex object-oriented programming, they
can be more verbose than S3 classes. The choice between S3 and S4 depends on the specific
needs and complexity of the project.

S3 and S4 classes in r

R provides two primary object-oriented programming systems for defining classes and
methods: S3 and S4. They differ in their level of formality and structure.

S3 Classes:
¢ Informal Definition:

S3 classes do not have a formal class definition. An object becomes an S3 object simply by
assigning a class attribute to it, typically a character vector.

e Method Dispatch:

Method dispatch in S3 relies on generic functions and the naming

convention generic.class. When a generic function (e.g., print()) is called on an S3 object, R
looks for a method specifically named print.myclass() if the object's class is myclass. If no
specific method is found, a default method (e.g., print.default()) is called.



o Flexibility:

S3 is known for its flexibility and ease of use, as it requires less boilerplate code.
o Example:

CODE

# Create an S3 object
my_s3_object <- list(name = "Alice", age = 30)
class(my s3 object) <- "Person"

# Define an S3 method

print.Person <- function(x, ...) {
cat("Name:", x$name, "\n")
cat("Age:", x$age, "\n")

J

# Call the method
print(my_s3_object)

S4 Classes:
¢ Formal Definition:

S4 classes have a formal definition using the setClass() function, which defines the
class's slots (attributes) and their types.

e Method Dispatch:

Method dispatch in S4 uses the setMethod() function to define methods for generic functions
based on the class of the arguments. This provides stronger type checking and more robust
method dispatch.

e Structure and Validation:

S4 offers a more structured and rigorous approach to object-oriented programming, including
features like inheritance and validation of slot types.

o Example:
CODE

# Define an S4 class
setClass("Employee",

_n

slots = c(name = "character", employee id = "numeric"))

# Create an S4 object
my s4 object <- new("Employee", name = "Bob", employee id = 12345)



# Define an S4 method for the 'show' generic
setMethod("show", "Employee",
function(object) {
cat("Employee Name:", object@name, "\n")
cat("Employee ID:", object@employee id, "\n")
})

# Call the method (implicitly by printing the object)
my s4 object

Key Difterences:

o Formal Definition: S4 has formal class definitions with slots, while S3 relies on
attributes.

e Method Definition: S4 uses setMethod() for defining methods, while S3 uses
the generic.class naming convention.

o Type Checking: S4 provides stronger type checking and validation of object slots.
o Inheritance: S4 supports formal inheritance mechanisms.

o Attribute Access: S3 objects use $ to access attributes, while S4 objects use

Managing objects in R programming

1. Creating and Assigning Objects:

Objects are created by assigning values to a variable name using the assignment operator <-.
code

my vector <-c(1,2,3,4,5)
my_dataframe <- data.frame(Name = c("Alice", "Bob"), Age = ¢(25, 30))

2. Listing and Inspecting Objects:
e Use Is() to list all objects in the current environment.
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o Use Is(pattern = "my_") to list objects matching a specific pattern.

o Use exists("object name") to check if an object exists.

o Use class(object) to determine the class of an object (e.g., "numeric", "data.frame").
o Use str(object) to get a compact summary of an object's structure.

o Use summary(object) to get a statistical summary of an object.

3. Removing Objects:

o Use rm(object name) to remove a specific object.



e Use rm(list = Is()) to remove all objects from the current environment.
4. Saving and Loading Objects:

o Use save(objectl, object2, file = "my objects.RData") to save selected objects to a
file.

o Use save.image(file = "my_ workspace.RData") to save the entire workspace (all
objects) to a file.

o Use load("my objects.RData") to load objects from a saved file back into the
environment.

5. Understanding Object-Oriented Programming (OOP) in R:
R supports OOP concepts, primarily through S3 and S4 class systems:
e S3 Classes:

Informal and flexible, relying on generic functions that dispatch methods based on the
object's class.

e S4 Classes:

More formal and structured, offering better encapsulation and method dispatch based on
argument types.

6. Memory Management:

e Ruses a garbage collector to automatically release memory used by objects that are
no longer referenced.

o Be mindful of creating large, unnecessary objects, as this can lead to increased
memory consumption.

e Understanding how R handles object replacement and modification can help avoid
memory leaks.

Input/output in r

In R, input and output operations involve reading data into the R environment and displaying
or saving results.

Input:
e From the console:

o readline(): Reads a single line of text input from the user. The input is always
treated as a character string and may require conversion to other data types
(e.g., as.integer(), as.numeric()).

code



name<-readline("Enteryourname:")
age <- as.integer(readline("Enter your age: "))

e scan(): Reads multiple values from the console or a file, into a vector or list. It can
handle different data types and is useful for reading structured data.

code
numbers <- scan(what = numeric()) # Reads numeric values
e From files:

o read.csv(), read.table(), read csv() (from readr package): Functions for reading
tabular data from CSV files and other delimited text files.

o readRDS(), saveRDS(): Functions for saving and loading R objects in a binary
format, preserving their structure and attributes.

o Specialized functions: R also has packages and functions for reading various
other data formats like Excel files, databases, JSON, XML, etc.

Output:
e To the console:
o print(): Displays the value of an R object.

o cat(): Concatenates and prints its arguments to the console, often used for
displaying messages or formatted output.

code
cat("Hello,", name, "! You are", age, "years old.\n")

o sprintf(): Formats strings and variables similar to the C printf() function, returning a
character vector.

code

message <- sprintf("Your name is %s and your age is %d.", name, age)
print(message)

o To files:

o write.csv(), write.table(), write_csv() (from readr package):  Functions  for
writing tabular data to CSV files and other delimited text files.

o save(), save.image(): Functions for saving R objects or the entire workspace to
a file.

o sink(): Redirects R output (console output, messages, warnings) to a specified
file.



Accessing keyboard and monitor in r

In R, interaction with the keyboard (for input) and the monitor (for output) is handled through
a set of built-in functions.

Accessing the Keyboard (Input):

o readline(): This function reads a single line of input from the console as a character
string. It can optionally display a prompt message to the user.

code

name <- readline("Enter your name: ")
print(paste("Hello,", name))

o scan(): This function reads data into a vector or list from the console or a file. It can
be used for reading numeric or character data. To terminate input from the console,
press Enter twice.

code

# Read numeric input
numbers <- scan(what = numeric())
print(numbers)

# Read character input
words <- scan(what = character())
print(words)

Accessing the Monitor (Output):

o print(): This function displays the value of an R object to the console. It is commonly
used to show the contents of variables, data structures, or the results of computations.

code

x <-10
print(x)

o cat(): This function concatenates its arguments and displays them to the console. It is
useful for printing formatted output or combining multiple pieces of information.

e code
cat("The value of x is:", x, "\n")

These functions provide the fundamental tools for creating interactive R programs that can
receive input from the user and display results on the screen.



Reading and writing files in r programming

R offers various functions for reading and writing data to and from files, supporting different
file formats like CSV, text files, and R's own binary formats (RDA/RDS).

1. Reading Files:
e CSV Files: Use read.csv() to read comma-separated value files.
code
my data <- read.csv("path/to/your/file.csv")

o Text Files: Use read.table() for general tabular data in text files, specifying the
delimiter if it's not a space. readLines() can read a file line by line.

code

my data <- read.table("path/to/your/file.txt", header = TRUE, sep = "\t")
lines <- readLines("path/to/your/text_file.txt")

¢ R Binary Files (RDA/RDS):

o load() is used to load objects saved in .RData or .rda files (which can contain
multiple R objects).

o readRDS() is used to read a single R object saved in an .rds file.
code

load("path/to/your/data.RData") # Loads objects directly into the environment
my object <- readRDS("path/to/your/object.rds")

2. Writing Files:
e CSV Files: Use write.csv() to write data frames to CSV files.
code
write.csv(my_dataframe, "path/to/output/file.csv", row.names = FALSE)
(Setting row.names = FALSE prevents writing the R row names as a column in the CSV.)

o Text Files: Use write.table() to write data frames to text files, specifying the
delimiter.c

code
write.table(my dataframe, "path/to/output/file.txt", sep = "\t", row.names = FALSE)
o R Binary Files (RDA/RDS):
o save() is used to save one or more R objects to an .RData or .rda file.

o saveRDS() is used to save a single R object to an .rds file.



code

save(objectl, object2, file = "path/to/output/data.RData")
saveRDS(my object, "path/to/output/object.rds")

3. Working Directory:
e Get Current Working Directory: getwd()

e Set Working Directory: setwd("path/to/your/directory")

Accessing the internet in r

You can access the internet in R using libraries like rvest for web scraping, httr for interacting
with APIs, or through base R's socket facilities for lower-level network connections. For web
scraping, install the rvest package and use functions like read html() to fetch a webpage's
content, and then use html nodes() or html_text() to extract the data. For other tasks, you can
use functions like download.file() to download files directly from a URL.

Common tasks and packages
o Web scraping:
Use the rvest package to parse HTML and extract data from websites.
o Install and load the package: install.packages("rvest"), library(rvest).
o Read the webpage: webpage <- read_htmI("URL").

o Extract data: Use functions like html nodes() and html_text() to select and
pull data from the HTML elements.

e APl interaction:
The httr package is designed to work with APIs.
o Install and load: install.packages("httr"), library(httr).
e Use functions like GET() to make requests to APIs.
o Downloading files:

Use the download.file() function from base R to download files from a URL and save them to
your local machine.

e JSON data:
The jsonlite package is useful for working with JSON data from APIs or other sources.
o Low-level access:

For more advanced network programming, R's socket facilities allow for direct interaction
with the Internet's TCP/IP protocol.

Troubleshooting common issues



o Antivirus/firewall:

Antivirus software can sometimes block R's internet access. If you are on a work computer,
you may need to contact your IT department to "whitelist" R's executable or internet-related
files.

o Proxy settings:

If you are behind a proxy, you may need to configure R's settings or use a package
like RCurl or httr to handle the proxy connection.

e Connection check:

To check if you have an active internet connection from within R, you can use functions
like curl::nslookup() which is often more reliable than curl::has_internet().

string manipulation

R provides a comprehensive set of functions for manipulating strings, which are sequences of
characters used to store and represent textual data.

Common String Manipulation Functions in R:
o Concatenation:

o paste(): Combines strings, optionally with a separator (sep) and collapsing
elements of a vector (collapse).

code

strl <- "Hello"

str2 <- "World"

combined_str <- paste(strl, str2) # "Hello World"

vector_str <- paste(c("a", "b"), c("1", "2"), sep ="-") # "a-1" "b-2"
collapsed_str <- paste(c("apple", "banana"), collapse =", ") # "apple, banana"

o Case Conversion:
o toupper(): Converts a string to uppercase.
o tolower(): Converts a string to lowercase.
code

my_string <- "R Programming"
uppercase_str <- toupper(my_string) # "R PROGRAMMING"
lowercase_str <- tolower(my_string) # "r programming"

e Substring Extraction:

o substr(x, start, stop): Extracts a portion of a string from a specified start to end
position.



code

text <- "R is fun"
sub_text <- substr(text, 1, 3) # "R 1"

e String Length:
o nchar(): Counts the number of characters in a string.
code

word <- "programming"
len <- nchar(word) # 11

o Splitting Strings:
o strsplit(x, split): Splits a string into a list of substrings based on a delimiter
(regular expression).

code

data <- "apple,banana,orange"
split_data <- strsplit(data, ",") # list("apple", "banana", "orange")

e Searching and Replacing:

o grep(pattern, x, value = FALSE): Finds matches of a regular expression
pattern within a character vector x. If value = TRUE, returns the matching
elements; otherwise, returns the indices of matching elements.

o sub(pattern, replacement, x): Replaces the first occurrence of a pattern with a
replacement string.

o gsub(pattern, replacement, x): Replaces all occurrences of a pattern with a
replacement string.

code

sentence <- "The quick brown fox jumps over the lazy dog."

found index <- grep("fox", sentence) # 1

new_sentence sub <- sub("fox", "cat", sentence) # "The quick brown cat jumps over the
lazy dog."

new_sentence gsub <- gsub("the", "a", sentence) # "a quick brown fox jumps over a lazy
dog.

"

Overview of string manipulation function

String manipulation functions are a set of operations used in programming to process,
modify, and analyze textual data. These functions are fundamental across various



programming languages and databases for tasks involving strings, which are sequences of
characters.

Here is an overview of common string manipulation functions and their purposes:
1. Length and Size:

o Functions like length(), size(), or strlen() return the number of characters in a string.
2. Concatenation:

o Functions like concat(), append(), or the + operator combine two or more strings into
a single string.
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. Substring Extraction:

e Functions like substr(), slice(), or substring() extract a portion of a string based on
starting and ending positions or length.

4. Searching and Replacing:

e Functions like find(), indexOf(), search(), replace(), sub(), or gsub() locate specific
patterns or substrings within a string and/or replace them with other strings.

5. Case Conversion:

o Functions like upper(), lower(), toUpperCase(), toLowerCase(), or initcap() convert
the case of characters within a string (e.g., all uppercase, all lowercase, or title case).

6. Trimming and Padding:

e Functions like trim(), ltrim(), rtrim(), or pad() remove leading/trailing whitespace or
other specified characters, or add characters to the beginning or end of a string to
reach a certain length.

7. Splitting and Joining:

o Functions like split() or explode() divide a string into an array of substrings based on
a delimiter.

o Functions like join() or implode() combine an array of strings into a single string
using a specified delimiter.

8. Character-level Operations:

o Functions from libraries like ctype.h in C provide functionalities to check character
types (e.g., islower(), isdigit()) or convert individual characters.

These functions are crucial for tasks such as data cleaning, text processing, formatting output,
parsing user input, and working with databases. The specific names and syntax of these
functions may vary depending on the programming language (e.g., Python, Java, C++,
JavaScript, R, SQL) or environment being used.



Regular expressions
In the context of regular expressions (regex), the character \r represents a carriage return.

A carriage return is a control character that, in older systems and some modern contexts,
signals the cursor to return to the beginning of the current line without advancing to the next
line. Its behavior can vary slightly depending on the operating system and the environment
where the regex is being applied.

Key points about \r in regex:
e Meaning: It specifically matches the carriage return character.
o Platform Differences:
o Mac OS 9 and earlier: \r was used as the sole new line character.
o Unix and Mac OS X/macOS: \n (line feed) is the standard new line character.

o  Windows: \r\n (carriage return followed by line feed) is the standard new line
sequence.

o Usage in R: When using regular expressions in R, special characters like \r need to be
escaped with an additional backslash, so you would write \\r in your R code to match
a carriage return.

Example:

If you have a string containing a carriage return, you could use \\r in an R regex function
like str_detect() (from the stringr package) to detect its presence:

code

library(stringr)
text with_cr <- "Line 1\rLine 2"
str_detect(text with _cr, "\\r") # Returns TRUE

use of string utilities in the edtdbg debugging tool

The edtdbg debugging tool in R, particularly as described in "The Art of R Programming,"
heavily utilizes string utilities for its core functionality, which involves sending remote
commands to a text editor like Vim.

A primary example of this usage is the dbgsendeditcmd() function, which constructs and
sends commands to Vim. This function leverages R's string manipulation capabilities to build
the shell command that interacts with Vim.

Consider the following simplified example:

code



dbgsendeditcmd<-function(cmd){
vimserver <- "R DEBUG SERVER" # Assuming a pre-defined Vim server name

n n

syscmd <- paste("vim --remote-send ", cmd, --servername ", vimserver, sep="")
system(syscmd)

}

In this function:
o String Concatenation (paste()):

The paste() function is crucial for combining various string components into a single,

executable shell command. It takes individual strings (like "vim --remote-send ",
, and the vimserver variable) and concatenates them to

the cmd argument, " --servername "

form the complete command string. The sep="" argument ensures no spaces are inserted
between the concatenated parts, creating a clean command.

¢ Command Construction:

The resulting syscmd string represents a command that can be executed in the system's
shell. For instance, if cmd is "12G", and vimserver is "168", the syscmd would become "vim
--remote-send 12G --servername 168".

e System Execution (system()):

The system() function then takes this constructed string and executes it as a shell command,
effectively sending the desired instruction (e.g., moving the cursor to line 12) to the specified
Vim instance.

In essence, edtdbg relies on string utilities to dynamically generate and execute commands
that control the external text editor, allowing for interactive debugging sessions where actions
within the R debugger can be reflected in the editor



