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T etvar n Mnyovikn Maonon

* H unyovikn udbnon eivar kKAA00G T t€YVNTNS VONLOGOVTG.

* H 1060 ¢ unyoavikne nabnong etvor 0tL otvovue o€ £vol TPOYPOLLLD DTOAOYIGTY
TpOGPacn 6€ MTOAAA 0E00UEVO KOl TOV OPNVOVUE VO UADEL Yo TIC OYECELS UETAED
LETAPANTOV Kol vo KAvel TpoPAEyelc.

* Mepukéc amd TIC TEYVIKEC TNG UNYOVIKNG UdOnong ¥povoAoyoLvtol amd TN OEKAETIN
tov 1950, oAAQ o1 PeATiocelc oTIC TOYVINTEC VTOAOYICTMOV KOl TO KOGTOC

amoONKELONG OEOOUEVOV EYOVV TTAEOV KAVEL TN UNYOVIKN Hdinon £va mpakTiko
EPYOAELD.



Software

* Yrapyovv moirég evarrokTikéc Omme Python, R, MatLab, Spark kot Julia.

 Amouteitar  wKovotnTo.  YEPIOUOD  TOAD  UEYAA®V OLVOAMV  O0E0OUEVOV KOl
OLOEGIULOTNTO TTAKETWV TTOV DAOTOIOVV TOVE OAYOP1OOLC.

* H Python gaivetat va kepdilel ovtn N otryun.

* BifhoOnkec omwg ot Numpy, Pandas, Scikit-Learn (Sklearn) xou Tensorflow
OLELKOADVOLV TO YEWPIGUO UEYOAMV GLVOA®MV OEOOUEVOV KOl TNV EPUPLOYN
aAyopifumv unyoviknig pdbnong otnyv Python.



Machine Learning (ML) vs. Automation

* O1 vmoloyiotéc €yovv  ypnowomomnBel  ywo TNV QLTOUOTONOINGT  TOAA®V
EMYEPTUATIKOV AToPAcEOV (U1o00006id, 0mOGTOAN TILOAOYI®OV, GOVOYT TOANGE®V

avé TEPLOYN, K.AT.).
* Avtn gtvan 1 ymoeromoinemn: n tpitn Prounyovikn enavactoc.

* H unyovikn nuddnon eivon kevipikn oty t€taptn Prounyovikn €navactactn Omov ot
VITOAOYIOTEG YPNOILOTOLOVVTOL Yo T dnutovpyio (TEYvNTNG) VONUOoUVNG.



[Tapdoderypa: Artnoeig daveiov (‘Pnoeromoinon vs. ML)
* Edv o1 vmaAiniotr ooaveimv €papuolov OpoUEVOLE YVOOTOVS KOVOVEC, Qo

UTOPOVGALE VO YNPLOTO|GOVUE TIC OPOGTNPLOTNTES TOVC.

* Edv oev yvopilaue ToU¢ KOVOVEC TOL Ypnoluomowdnkay, Bo umopovcaue vo
ypnowponomoovue to ML yia va toug tpocolopicovpe.

* Qo UTopPOVCALE OUMC VO TAUE Eva U TOPATEPO KOl VO, YPTGLLOTOICOVLLE
10 ML yuo va BeATidcovue TOug KAVOVEC Amo00yNC N AtOPPIYNS OaVEI®V.



Traditional statistics

* Means, SDs

* Probability distributions
« Significance tests
 Confidence intervals

* Linear regression



O véoc kdopoc TV statistics

* TepdoTtio GOVOLDL OEOOUEVMV.

* DavTOOTIKEG PEATIOGEIC OTIC TOYVTNTEG EMECEPYAUGIOG VTOAOYIGTN] KOl GTO KOGTOC
o001 KELONG OEOOUEVMV.

* Ta gpyareio unyavikng ndbnong eivor mAEov QIKTA.

* Mnopet topa va avamtuyfodv un ypouukd poviéda tpoPieync, va Ppebodv potiPa
GE 0EOOUEVO, LE TPOTOLES TTOV OEV NTAV OLVATO TPLV KOl VO AVOTTLYOOVV GTPATNYIKEG
ANYNC amoPACENV GE TOAAE GTAOLO.

* Néa  oporoyio:.  features, labels, activation functions, target, bias,
supervised/unsupervised learning......



Traditional Statistics vs Machine Learning

Statistics

Develop Hypothesis

4

Collect Data

4

Test Hypothesis

Machine Learning

Collect Data

4

Try different
models

Find Patterns or Develop a
Predictive Tool




TOmor Mnyoviknc Madnonc

* Unsupervised learning (find patterns) - ExudOnon yopic emifieyn
(e0peECT TPOTVTTMV).

e Supervised learning (predict numerical value or classification)-
Enmontevouevn néddnon (mpoPAreyn aprtOuntikng tiung N tacvounon).

« Semi-supervised learning (only part of data has values for, or
classification of, target) - Hui-emomtevouevn udbnon (L6vVo UEPOC TMV
OEOOUEVOV EYEL TILEC YR, N TAEIVOUNGT] TOV, GTOYOV).

* Reinforcement learning (multi-stage decision making) - Evioyvtikn
uanon (m AMyn amoedce®v 6€ TOALL GTAOIN).



ML Good Practice (1)

* Xwpiote T 0g00uEVA € TPia Sets
* Training set
» Validation set
* Test set

o Avanthlte O10popeTIKG HovTELD ypnoluomolwvtac to training set kot egetdote
nOc0 KaAd yevViKeDovTol o€ vEQ OedouEVa ypnolpomoilmvtog To validation set.

* Rule of thumb: av&note v moAvmiokdtTnTo. TOL LOVTEAOL €S OTOV TO UOVTEAO

o€V yevikeveTal TAEov KaAd oto validation set.

* To test set ypnowomotgitot yio va mapEyel pio teMKN EVOEIEN ekTo¢ detypatog (out-
of-sample) yio to m6c0 KaAd Aertovpyel TO ETAEYUEVO LOVTENO.



ML Good Practice (2)

Validation

Evaluate
Model

Dataset Fit/Train

80% Training Model




Hopaoeryno

M1666¢ 6e GuvdpTnom Ue TNV NAKIA Y10 V0L GLYKEKPIUEVO EMAYYELLO GE LLIOL GUYKEKPLLEVT] TTEPLOYN.

Apyeio Salary vs. Age Example.xlsx

Training set

Scatter plot yio to training set

Age (years) Salary (%)
25 135,000
55 260,000
27 105,000
35 220,000
60 240,000
65 265,000
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30 105,000
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A Good Fit
(Y = Salary, X = Age)

Y =a+ b X + b,X? +b3X3 +b, X* +b:X>
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* To root mean squared error (rmse) (n TVmKN AmTOKAON NG S10POPAS HeTAED NG EKTIUNONG/TPOPAEYNS TOV LOVTELOL
KO TNG TPAYUOTIKAG TIUNC) Yo To training dataset sivon $12,902.
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"Eva Out-of-Sample Validation Set

Age (years)

Salary (3)

30

166,000

26

78,000

58

310,000

29

100,000

40

260,000

27

150,000

33

140,000

61

220,000

27

86,000

48

276,000

Scatter Plot ywa To Validation Set

______

.......

40

Age (years)

To root mean squared error (rmse) yio o training dataset sivou $12,902.

To rmse ywo to validation dataset is $38,794, woAd vynidtepo amd To rMse yio. to training dataset

($12,902).

Svumepaivooue 6t to povtéro overfits ta dedouéva, de yevikedetor Kohd oTo VEO dEO0UEVAL.
To moAv@VLUIKO LOVTELD TEUTTNG TAENC OEV YEVIKEVETOL KOAG.

14



Quadratic Model Linear Model

Y =a+ b X + b,X? Y=a+ b X
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* Tormse ywa 7o training dataset eivon $32,932  To rmse yio o training dataset eivan $49,731
« To rmse ywo to validation dataset sivou $33,554 « To rmse yw 7o validation dataset sivot $49,990
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2ovoyn Aroterecuatov: RMSE

Polynomial of | Quadratic Linear

degree 5 model model

Training set 12,902 32,932 49,731
Validation set 38,794 33,554 49,990

To ypauuikd povtéro (linear model) underfits: to rmse tov training set eival 6co peydio eivarl
Kot To rmse tov validation set.

To molvdvopo 51 TaEne (5™ degree polynomial) overfits: To rmse tov training set givol mold
LKpO v, To rmse tov validation set ivot moAd peyolvtepo.

To quadratic povtéio eival to mo akpiPéc, £yel TO WKPOTEPO IMSE 6TO MSE amd To VITOAOITA
LOVTEAQ KOL OEV €YEL LEYAAN dl0popd amd To rmse tov training set. AAAG Téco akpiPéc eivor To
quadratic povtélo; H amdvinon ot dapdveio 18.



Overfitting/Underfitting
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Il6co axpipéc eivor To quadratic povréro;

[1pémel va vwoloyicovue To rmse tov test dataset.

Age (years) Salary ($) Predicted salary ($) Error ($)
26 110,000 113,172 —3,172
52 278,000 279,589 —1,589
38 314,000 232,852 +83,148
60 302,000 264,620 +37,380
64 261,000 245,457 +15,543
41 227,000 249325 —22.325
34 200,000 199,411 +589
46 233,000 270,380 —37.,380
57 311,000 273,883 —37.117
55 298,000 277,625 +20,375

To SD of error (rmse) sivon $34,273

Rule of thumb: H molvmAokotnTta TOL Hovrélov mpémel va avéavetal £OC 0ToV TO

novtélo ogy yevikevetol mAéov Kald oto out-of-sample set.




Typical Pattern of Errors for Training Set and Validation Set

Traimng set
Model

Error Validation set

[

n
-

Model Comple xity

Bias-variance trade-off

* To bias avagpépetar oto opdiuo (error) Tov mpokoAeitar omwd underfitting.

« To variance ava@pépeton oto o@diuo (error) mov mpokaieital omwd overfitting (vaapyet
random noise oto training set). .



Data Cleaning

* Avtiuetomion Inconsistent recording

* Apaipeon avemBouunTov TopaTNPNoENY

* Apaipeon dimhdtummv (duplicates)

* Aiepehivnon outliers

* AvTipet®mion ototygimv wov Aeimovv (Missing items)
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