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L a be l En co d in g a s sign s e a c h ca te g ory  u n iq u e in te g er. I

t 

is sim p le a n d 

m e m o ry- effic ien t bu t m a y u n in te n t io n a lly im p ly a n ord e r a m on g ca te g orie s w h e n n on e 

e xis ts . 

 U sed in tre e- ba s ed m od e ls like De c ision T re e s o r X G B o os t. 

  

O n e- H ot E n co d in g co n v erts c a teg o ries in to b in a ry c o lu m n s w ith e a c h co lu m n 

re pre se n t in g o n e c a teg o ry . It p re ve n ts fa lse o rd erin g b u t ca n le a d to h ig h d im en sion a lity if 

th e re a re m a n y u n iqu e v a lu e s. 

U sed in lin e a r m od e ls , lo g istic re gre ssio n a n d n e u ra l n e tw orks . 

 

T h is m e a n s th a t ca teg orica l da ta m u st b e e n co ded in to n u m b ers be fore w e ca n u se it to 

fit a n d e va lu a te a m od el. T h e re a re m a n y w a ys to e n co de ca teg orica l v a ria ble s for 

m od eling a s follow s. 

 

 

Categorical Encoding 
 

 

 

Types of Categorical Data 

 
2.1 N om ina l Da ta 

 

● C a teg ories h a ve n o in h eren t orde r 

● Ex a m ples: 

o C o lor: R ed , Blu e , G ree n 

o C ity: D elh i, M u m ba i, C h en n a i 2 . 2 O rdin a l Da 

ta 

● C a teg ories h a ve a m e a nin g fu l o rd er 

 

 

 

● Ex a m ples: 

o S ize : S m a ll < M e diu m < L a rg e 

o Ra t in g: P oor < A v era ge < G o od < E xc ellen t 

 

Common Categorical Encoding Techniques 

1 .Label Encoding 
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3. Ordinal Encoding 

 

O rd in a l E n c od in g m a ps c a te go ries to in teg e rs w h ile p re se rv in g th e ir n a tu ra l ord er. T h is w 

o rk s w ell for o rde re d d a ta like ra t in gs bu t is n ot su ita b le fo r n om in a l v a ria b les . 

● U sed fo r o rd e red fe a tu re s like ra t in gs o r e du c a t io n lev e ls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 .B in a ry En c o din g 

 

B in a ry e n co d in g re p rese n ts ca te g orie s a s b in a ry c od es a n d s plits th em a c ro ss m u ltip le 

c olu m n s . It is e ff icie n t fo r h ig h -c a rd in a lity d a ta bu t s ligh t ly m o re c o m ple x to im ple m e n t. 

● A pp lied in h ig h -c a rd in a lity te xt/ N L P ta sks to sa v e m e m o ry . 

F re qu en c y E n c od in g 

F re qu en c y E n co d in g a ssig n s ca te g orie s va lu es b a se d o n h ow o ften th e y o cc u r in th e 

d a ta se t. It is s im p le a n d co m pa ct b u t ca n in trod u c e d a ta le a ka g e if a p plie d im p rop e rly. 

● E ffe c t ive in re ta il, e -c om m e rce o r c lic kstre a m da ta for p op u la rity tre n d s. 
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Data Transformation 

 

It re fe rs to pu ttin g  th e v a lu e s in th e sa m e ra n g e o r sa m e sc a le so  th a t n o  va ria ble is d 

om in a te d by th e o th er. M ost o f th e t im e, th e c o llec te d d a ta se t co n ta in s fe a tu res h igh ly v a 

ryin g in m a g n itu d e s, u n its, a n d ra n ge s. If sc a lin g is n ot d on e th e n th e a lg o rith m o n ly ta ke s 

m a g n itu d e in to a cc o u n t a n d n o t u n its h e n c e in c orre ct m o d elin g . T o s olv e th is issu e, w e 

h a ve to d o sc a lin g to b rin g a ll th e v a ria ble s to th e s a m e le v el o f m a g n itu d e. 

 

 

 

 

 

 

 

Standardization 

 

S ta n d a rd iza t io n is a n o th er sc a lin g te ch n iqu e w h e re th e v a lu e s a re c en te re d a ro u n d th e m e 

a n w ith a  u n it  s ta n d a rd  d ev ia t io n .  T h is  m e a n s  th a t  th e  m ea n  o f  th e  a ttribu te b ec o 

m e s z e ro a n d th e res u lta n t dis trib u t io n h a s a u n it s ta n da rd d ev ia t io n . 

Normalization 

 

N o rm a liz a t io n is a sc a lin g tec h n iq u e in w h ich v a lu e s a re sh ifte d a n d re sc a le d so th a t 

th e y e n d u p ra n g in g be tw e en 0 a n d 1 . It is a ls o kn ow n a s M in -M a x sc a lin g. 

 

D a ta n o rm a liz a t io n is a p re pro c ess in g m e th o d th a t re siz e s th e ra n ge o f fea tu re v a lu e s to a 

sp e cif ic sc a le , u su a lly be tw e en 0 a n d 1 . It is a fea tu re sc a lin g te c h n iqu e u se d to tra n 

sform d a ta in to a s ta n d a rd ra n g e . N o rm a liza t io n e n su re s th a t fe a tu re s w ith diffe ren t 



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

24AI403 - FML 

sc a le s o r u n its c o n trib u te e q u a lly to th e m od e l a n d im p ro ve s th e p erform a n c e o f m a n y m a 

c h in e lea rn in g a lg o rith m s. 

K e y F e a tu re s of N orm a liz a t ion : 

● M a p s th e m in im u m a n d m a x im u m of a fe a tu re to a d efin e d ra n g e 

● P re se rv e s th e rela t iv e re la t io n sh ip s o f th e orig in a l d a ta 

●  U sefu l fo r a lg o rith m s th a t re ly on d ista n c e m e trics su ch a s k -N e a res t N e igh bo rs a n 

d c lu sterin g 

 

 

Min-Max Scaling 

 

M in - m a x sc alin g is ve ry ofte n sim p ly ca lled ‘ n orm a liz a tio n .’ It tra n sform s fe atu res to a 

spe cifie d ra n g e, typ ic a lly be tw e en 0 a n d 1 . T h e fo rm u la fo r m in -m a x sca lin g is: 

 

X normalized = X – Xmin / Xmax – X min 

 

W h e re X is a ra n d om fe a tu re va lu e th a t is to b e n o rm a lize d. X min is th e m in im u m fea tu re v 

alu e in th e da ta set, a n d X max is th e m a xim u m fe a tu re v a lu e. 

 

●  W h e n X is m in im u m va lu e , th e n u m e ra tor is ze ro (X min - X min) a n d h e n ce , th e 

n orm a liz ed v a lu e is 0 

●  W h e n X is m a x im u m v a lu e , th e n u m era tor is e qu a l to th e de no m in a tor ( X max - X min) a 

n d h e n ce, th e n o rm a lize d va lu e is 1 

●  W h e n X is n e ith e r m in im u m o r m a xim u m , th e n o rm a liz ed va lu e is be tw ee n 0 a n d 1 . T 

h is is refe rre d to a s m in -m a x sca lin g tec h n iq u e 

M in - m a x sc a lin g is a go od c h oice w h e n : 

 

●  T h e a ppro xim a te u pp er a n d lo w er bo u n ds of th e da ta set is kn o w n , a n d th e da ta set h a 

s few or n o ou t lie rs 

●  W h e n th e da ta distribu t ion is u n kn ow n or n on - G a u ssia n , a n d th e d a ta is 

a pp roxim a tely u nifo rm ly distribu te d a cross th e ra n ge 

● W h e n m a in ta in in g th e distrib ution ’ s o rigin a l sh a pe is esse n tia l 

Z-score normalization (standardization) 

 

Z-sc ore n orm a liz a tion (sta n da rdiz a tion ) a ssu m es a G a u ssia n (b ell c u rv e) d istribu t io n o f th e 

da ta a n d tra n sfo rm s fea tu res to h av e a m ea n (μ) o f 0 a n d a sta n da rd d ev ia t ion (σ ) o f 

1 . T h e form u la fo r sta n da rdiza t ion is: 
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No rm a liza t io n 

 

S ta n da rdiz a tio n 

 

O bjec tive is to brin g the va lu es of  a fe a tu re 

 

O bje ctive is to tra n sfo rm th e va lu es of a 

w ith in a spe cific ra n g e, ofte n be tw e en 0 a n d fea tu re  to h a ve  a  m ea n of  0  a n d a  sta n da rd 

1 d ev ia tion o f 1 

 

 

Se n sitiv e to ou t lie rs a n d th e ra n ge of th e da ta 

 

L ess sen sitiv e to ou t lie rs du e to th e u se of th e m 

ea n a n d sta n da rd d ev ia t ion 

 

U seful w h en m a in ta in in g th e o rig in a l ra n ge is 

essen t ia l 

 

E ffe ctive w h en a lgo rith m s a ssu m e a sta n d a rd n o 

rm a l distribu t ion 

 

No a ssu m p tio n a bou t th e d istrib u t io n of d a ta 

 

A ssu m e s a 

 

n orm a l 

 

distribu t ion 

 

or c lose 

is m a de a p prox im a t ion    

 

Su ita ble fo r a lgo rith m s w h ere th e a bsolu te 

 

P a rtic u larly u sefu l fo r a lgo rith m s th a t a ssu m e 

va lu es a n d th eir rela t ion s a re im po rta n t ( e.g ., n o rm a lly distribu te d da ta , su c h a s lin e a r 

k-n ea rest n eigh b ors, n eu ra l n etw o rks) re gression a n d su p port ve ctor m a c h in e s 

 

 

M a in tain s th e in terpreta bility of th e orig in a l 

va lu es w ith in th e sp ec ified ra n ge 

 

A lte rs   th e    origin a l    va lu es,    m a k in g 

in terpre ta t ion m o re  ch a lle n gin g  d u e  to  th e sh 

ift in sc a le a n d u n its 

X standardized = X − μ / σ 

T h is tech n iq u e is  p a rticu la rly  u sefu l  w h en  dea lin g  w ith  a lgo rith m s  th a t  a ssu m e n 

orm a lly d istribu ted da ta , su c h  a s  m a n y  lin ea r  m od els. U n like  th e  m in -m a x  sca lin g tec h 

n iq u e, fe a ture v a lu es a re  n ot re stricted to a spe cific ra n ge in th e sta n d a rd iza t ion tec h n iq u 

e.  T h is  n o rm a liza t ion  tec h n iq u e  ba sica lly  repre sen ts  fe a tu res  in  te rm s  o f  th e 

n u m ber of sta n da rd d ev ia t ion s th a t lie a w a y from th e m e a n . 

B efore w e d elve in to o the r da ta tra n sform a tion te ch n iq u es, le t ’ 

of n o rm a liza t io n (m in -m a x sc a lin g ) a nd sta n d a rd iza t io n . 

s pe rform  a c om pa rison 
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C a n le a d to fa ster co n ve rgen c e, esp ecia lly in 

alg orith m s th a t re ly o n gra dien t de sce n t 

 

A lso  co n tribu te s   to   fa ster  co n ve rg en c e, p 

a rticu la rly in  a lg orith m s  se n sitiv e  to  th e sc a 

le of in pu t fea tu res 

 

U se c ase s: Im a g e proc essin g , n eu ra l 

 

U se c a ses: Lin e a r reg ression , su ppo rt v ec to r 

ne tw o rks, a lgorith m s se n sitive to fe a tu re m a ch in e s, a lgo rith m s a ssu m in g n orm a l 

sca les d istribu t ion 

 


