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Activation function Equation Example 1D Graph
Unit step 0, z<0, Perceptron _
(Heaviside) P2) =405 z=0, variant —
I, z>0,
Sign (Signum) 1 z<0, Perceptron R
) = {o_ =0 variant _—
I, z>0, _—
Linear Adaline, linear
P2) =1 regression
Piece-wise linear 1 72 % Support vector
f)={z+35 -3<z machine
1
0 z< -3
Logistic (sigmoid) 1 Logistic
S T3 regression,
‘ Multi-layer NN
Hyperbolic tangent e —e Multi-layer
$2) = ——
et + gL NEUI’3|
Networks
Rectifier, ReLU Multi-layer 1
(Rectified Linear 0(z) = max(0, z) Neural —L»
Unit) Networks
Rectifier, softplus Multi-layer ‘/
O(z) = In(1 4 €*) Neural ——
Copyright © Sebastian Raschka 2016 N etwo rks

{http://sebastianraschka.com)

[17] Ldgpand) Gl 8 dadiiuall Jordill pilgs :(7.4) Js&l)

[18] The Loss Functions 3Ll a:l53.3.4.4
A o Gl g5 anaall ol L alei il 13 Lo agd e 408 ac Ly (531 Guliall 98 5yluadll s

wily Loy Ll will s G el sk Bldl) il ol LSS IS (8 alatl) Aae ent o Jass



67

&5 el ey el slad¥l L alen Ll Al (o Bledl) dad Qg cblSal 50U5 aa L Likkal
10,1 Haas Gady s L) 5l) Datinn Al IS dlla 3 dardiead) 55l

Mean Squared Error _ausll thall lausia o
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> . (L4)

Mean Absolute Error laal Uaall augic @

rillaad) e a LS Ly L) adllg dabedl) adll o (3laall Uadd) Jaigie Clea 4
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1
— =yl ... (2.4
nzlm ey
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il Ladl) lavsgie s MAPE lhadll docl) s Jacsgia 1o 5)ladd) ailsi e el Liad 2ns0s
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Loss =y *log(p) +(L-y)*log-p)] ...(3.4)
Categorical cross—entropy e
058 oAl 10 cllinl e ST (0sS eNLaaY) (g (lE pe mall 0sSs Latie padid
) Aledll die ey (3 il (2 canal) o] Canall) S (Lay [N [an)

Loss ==Xy log,yi ..

Optimizers (uwaill alsi .4.4.4

Laabl A3l slac) ddec say cpenill i a Adgranll AKA) Ll S ool
sllaeY Adlgde sl alaiinl asi lil A<l lae J4f . el8Y1 (sl 4511 Backpropagation
Bledll s 50 b o3 50 6% Uadl) G (815 ¢ gl o 5,08 (5% Allall o2 b ASudlly (A
Alayally ccDAl Y of sas (& da i) aui b A5l saclus 553 05S s3I Loss function
dsa) lsa sas Optimizer cpwaill sls 0 b Liay LOSS function sluall Julis dglee (585 Al

Bladl) Qi s¥) Janats gy 3 JalSil) Giluay dial) clinially cclinball oladinls ash duly,
i L sl in ols¥) daaed 304 Aaadle 23 3 (8.4) USall gme 5o WS Loss function
oA dads ) el dids (e Baaly i e Gl dilee e 3l Loss function s;lea
G JelS U< eDlaadl ai f) batches cilegaae Ui e 05S5 caupall dilee Saley cpass
Y] Caany AN 4ty calaill 8 5,KIAN 30 Cuans aaesil] 128 2 ¢(batChES e cile gane

Lt ae deganall 8 A0S el e dalae o dig bALCH de gaaddl 3 46 Clivedl dalles 2
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G Baasall B Climll dallee Llee Lo €POCH zllaias lliy .lteration )<l Lyl
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L] ./22;)')’)

Minimum Cost

Learning Rates

Cost

Initial Weight
Weights
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1 gran) GIGAD daay o] 8 destiial) cpeail) alss gl Gas
Stochastic Gradient Descent (SGD) avxll jlasiy) o
i 138y (ISRY) 538 Bluall a3 Qi () Jaass 1088 i) Gl asi due US55 e
N a5 2s e §AY) Slbeally 4i)lie A pes (pendll dubae 35 Gld oy ¢ shyaiaals isY) by
Ay daleadl DA e

Weights = weights — learning rate * Loss  ..... (5-4)

3ay (gl Aigaeanll AN GhYL WSl agis S Cliahlll aa] s ?L:J\ Jiws :Learning rate
gialed 0 poaliall 4 pumal) S0 it Ao (530 23m5 « oBiall Y1 ) Jnasl ooy of Ay
Do S 330 ) ASA) a3 oSl chaun Aad 3 A (0585 Lomiaia ol Jiee sl o L
s b euant IS ol AL st Cua (Gasil daleal Jolf 8y illan gl ) epoch
iy s s ped) st Canens cppen SIS A8 a0, 050 Tadige ool JEaa (355 Laic
(el (ggall (33 (9555 ipall il S (pe Al Aigpamal) A0 (S5 €POCH (e LB fase

J15] gipally Gmisiall dall Jina o il G (9.4) 3, U<l
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Big learning rate Small learning rate
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J17] Qs
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s = b = el L.(6.4)
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Genetic algorithms 4l cilajjlsal) 5.4

daria.1.5.4
e S e Gieadl (pdle dais 8 asall Bagasall Cililgaally bl o pandal) oY) A ylas ~ i
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il Jglaal) sakald) Gaeatl) JSlie o d asdl deiall Cilie) lsal) aaiind e lilaiaVl slal)

g SN Glal¥) dijles cJanll jatie Algaa
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Sl Sl e
(11.4) JSall daimge b 5 () 2005 Ao IS8 Saasill 4 a0l legas <Y1 ARkl o)
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Chromosome A | 1 53264708

Chromosome B | 8 36 72 31449
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Y(X) = Po + P1*X + pa*X; + ... + p(n)*x(n) ....(8.4)
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Odall pailiad 1(2.5) Jgaadl

Tensile strength 620 MPa
Yield strength 415 MPa
Hardness, Brinell 201
Density [g/cm3] 7.84
Modulus of elasticity (GPa) 210
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R JS Ablgal) adall) il 1(4-5) Jead

el (ec L33l Jana Obsll de yus Ll o8
mm mm\rev r.p.m
0.6 0.18 1274 |
0.8 0.18 1274 2
1 0.18 1274 3
0.6 0.21 1274 4
0.8 0.21 1274 5
1 0.21 1274 6
0.6 0.25 1274 7
0.8 0.25 1274 8
1 0.25 1274 9
0.6 0.18 2548 10
0.8 0.18 2548 11
1 0.18 2548 12
0.6 0.21 2548 13
0.8 0.21 2548 14
1 0.21 2548 15
0.6 0.25 2548 16
0.8 0.25 2548 17
1 0.25 2548 18
0.6 0.18 3822 19
0.8 0.18 3822 20
1 0.18 3822 21
0.6 0.21 3822 22
0.8 0.21 3822 23
1 0.21 3822 24
0.6 0.25 3822 25
0.8 0.25 3822 26
1 0.25 3822 27
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cliall o) Aipdd (uld @il :(5.5) Jaad)

Ra gl d3s2a il Gae | Al Jaa | sl desus Al o,
pm mm mm\rev r.p.m
2.63 0.6 0.18 1274 1
2.622 0.8 0.18 1274 2
2.628 1 0.18 1274 3
3.638 0.6 0.21 1274 4
3.647 0.8 0.21 1274 5
3.586 1 0.21 1274 6
5.103 0.6 0.25 1274 7
5.144 0.8 0.25 1274 8
5.175 1 0.25 1274 9
2.647 0.6 0.18 2548 10
2.641 0.8 0.18 2548 11
2.618 1 0.18 2548 12
3.663 0.6 0.21 2548 13
3.593 0.8 0.21 2548 14
3.604 1 0.21 2548 15
5.165 0.6 0.25 2548 16
5.146 0.8 0.25 2548 17
5.158 1 0.25 2548 18
2.694 0.6 0.18 3822 19
2.644 0.8 0.18 3822 20
2.616 1 0.18 3822 21
3.501 0.6 0.21 3822 22
3.555 0.8 0.21 3822 23
3.598 1 0.21 3822 24
5.021 0.6 0.25 3822 25
5.166 0.8 0.25 3822 26
5.066 1 0.25 3822 27
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Actual VS Predicted with RandomForest

. o Actual
50 -+ Predicted

457

Roughness
L &~

&
®

301

2.5

Samples

Ailgdall La aladinly g fuiial) aidlly Ladal) wadl) Gkl (s1a :(18.5) J<ad)

Liguan)) d5,30 .4.1.4.5

Pycharm gy gen Keras® da<e cueasial
toe il (19.5 A8, J<all) e ) A saaal) 452

(ebdl) Gee LMl Jane sl depu) adadll Cljiahl a9 Dliguac 3 e (st :eDaal daid

Glisuanll 20 33 3 Gouae 300 o (sgiaty i sasls dubda daida Cranddo) riuesd) dadall s B

A%l cuyd & ciligranll Ga ee 230 A 3 Cligll e LS i) dlae 2 il DA

Sligpaanll 230 JE @ld dasg canal) 13 i) (e gelill Uadl Ao Cuscd 2 ciligremal) (e 23al) 128 e

z\.bLouj M}g.uu L@,:f).ﬁ} @M\ a<all eliy L&J}M An<all saa c.«u:v} @M\ aldd) )3}}:35 (:.l;"wf: daaay s 8



122

(apiiil) Jsndill aols (dasall d358) aaly (smac (g0 Adlgal 1oyal) diday Lo 130 Undl) dus cudg
Relu g ¢f Jassls RelU wls pasdiad 3 z5a ) Dl digad & aolil) 13 dsaal & Telee S5 LS
(B lsadl (e Aaslill) gy Lunall adlly Ligidad) pdll (o Uadll G (uld 52 olil) 138 dage 155ldl) 25
MSE & padial 3

5 SGD &b of 2aj 85 MSE Wadll Gows Julal ()35¥) ad hasd 5o 2lll 138 dpadl 2 aeentll 25
(e deadl ) 8 il e daall A ) s el

s Y1 uaaty daa lsall asii (o oz 3ga 330 el batch size = 1 laa) of Lasgl :batch size
Jal o ang s Bl OBl I Dl sha o dese say bl Jia s b ocdie S
dish 00y () A5l caalia) Allal) 020 8 La oSy (x5 3o el LearningRate = 0.0001

L OlisY) Jamdl ) Jsaasl
DAl Sy AS syl e dallee Gl 20 a5 LS @ilye 2e :EpOChS

oo S ae ) A ciabial i Q) el Jaee cues oK1y S o3, a5 Epochs = 600,000

cwynl dlee olgm¥ gl e DES ) ASaN o Jaagly cdis Jumdl L)) desil LSl e sac

(epochs) Lhsall ey sae (s A8l (e (20.5) JSED (5 48y alall) digremnl) AS0all oaa ) 35S
AL sy (05 (1088) Uatd) oass s Lol e ae bl 4df Laasl IS (e 3 (l0SS) Uasll
adl o A gl (e 6) JLaa¥) el mhudl 435880 MSE awsil) Uadd) havgie sl Llaa
wied Caly My Laa))ledl) (e Al lacd) Ligds Aed Gy (5.5) Jsandl e hacd) Ligiad A gl

Ul (sae G Ky (gl dadlgall pmlandl Ligda e de IS Gaw (21.5) Ui .MSE = 0.00162



123

o Basagally duajsleal) dlalugs Loy Lunall willy "ACtUAl" aul U o sasasall dddal) wdll Gy

"Predicted" aub J<a)

Input layer Output layer

Hidden layer

Aariinsal) Liguanl) ASu8) :(19.5) Je



124

Loss

17.5 4

15.0 ~

12.5 1

10.0

7.5 1

5.0

2.5 1

0.0 1

—— Training
-—- validation

T
100000

T T T T T
200000 300000 400000 500000 600000
Epochs

Uaitly )il e a3 G A8 £(20.5) J<al



125

Actual VS Predicted with NeuralNetworks
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PyGAD & Keras - Iteration vs. Fitness
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Actual VS Predicted with ANN-GA
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PyGAD - Generation vs, Fitness
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1e6 PyGAD - Generation vs. Fitness
10
08
0.6
0
0
1]
C
)
i
04
02
0.0
T T T T T T
0 20000 40000 60000 80000 100000
Generation

zasalll 5oLy Jha¥) axe u Al :(27.5) S
fe Aalsall e daslll )l

2377 r.p.m :(N) sl deyu
0.106 mm/rev :(F) &3l Jaee
0.7 mm :(d) kil 3ac
oty a5l e AaTl lalll) lakiads sas Aiaad AR ddee Canyal el o3 iy

R,= 0.944 um Aail) il Aisall o3g) rlaus Aigdia

A5 T sell s i



138

el 23 Jlaall gann sy gedons g 8 ot 3l il il ially ala) 3
sla 3l 1K) lad (805 Lo 2y Allally (67 2l 30l Jlanal) s B 5l s Aibee gl
5eUS (o Jangl 385 z3geill 56liSy Jla¥) 220 o ALY (pw (28.5) <& 2 L8y Al (e Jadl

(8 ) alall) daay lsall dnil aayall 26l 1000,000 = (& 73l

166 PyGAD - Generation vs. Fitness
1.0 1
0.8 1
0 0.6 -
1]
Q
C
o
L 0.4 -
0.2 1
0.0 -
0 20000 40000 60000 80000 100000
Generation

z3salll 5elaSy Jhal) s G A8l :(28.5) Jsal



139
o Baaplsal) e Aatll) BN el of Jassl
3604  r.p.m :(N) ohsall deyu

0.106 mm/rev :(F) sl Jaxs

0.7 mm  :(d) phadll Gac

oy ey sl e ATl el alakiads sass Aisad ABDA dilee canyal el o3 iy

Ra = 0.969 um Lal) il duall o3g) mhau 3934

Sl 4 el edi e

Jaall e gl pal Jaxs lly (Bl el Jyeagl) o Liial) daa) ) cila @b e
Al sanall Jlaall s Jsil (e celandl Aigdds el dniean) AEN U (e S3al) dalag
8 AV iyl alasid (e 3 (7.5) a8y Jsaall (e 8l dadlll dgan Gaun Jlaal) (g Juaid

sl oL

s 0.7 mm :addll Gecy 0.106 mm/rev il Jaeag 2377 rp.m :ohsall Aoy (1
pal mhaddl digid calS 13 ¢ 5 7 rdwdll gays Ra= 0.944 pm izl disid el
cdardall (e (e
s 0.7 mm :akadll 5acy 0.106 mm/rev L3l Jaay 3604 r.p.m ohoall dejue (2
O ol dardill e) OIS 13 ¢ s 4 i) (gays Ry = 0.969 pm  imhas digid el

) digad



140

gl dagai Cpaeadl AT Cfpiahlll 1(7.5) Jgaad

siall Jlad) z)la sdall Jlad) z)la A3l Jladl) paca oAl el
il aaall 2l L) sl oo daslil
dainal)
3604 2377 1274 chsall Aoy
r.p.m
0.106 0.106 0.18 sl Jia
mm/rev
0.7 0.7 0.9 ebidll 3ac
mm
0.969 0.944 2.743 zhaud) d3gaa
m
4 7 8 Jueall ey
auls




141

ALzBlially i) : Gualad) Jusdl)

) o3 ABling Canll (e dealitoaall il cuiad Joadll Va3

dddlially miliil). 1.6

1Y) @.jll'\.“ Craldiol Gadd Al 13 eha) A (e

S abll) cid BRI 13 2 praly el A3sda 3 sl depud 30 25mg Jan sl (5.5) Usandl e .1
Aoy 53y clal) ey 3 Jaagd 3] bl 13a g (ol 3ee oAbl Jana) (58Y)
LS LS mhadll i (n0d® hsall depu 8abjs VA (any 89 mdacadl D3gda dlag o)l
Bakia Ao & el Ligddg Ghysall Ao G A o i) Mg (8.5) IS 6 meiagae
580 ) digin 8 sl deju 536 G (5.5) dsadl e Langd oS0y [2] pe i 130y
13 Jlea) oS Adle A8y llamy ) dardl) eV 3 il L3 Jaee g A3l Cipnia
el o Gaaldl gnal 3 [8] ae cabisn 138 oSy had) A58 & Chuna 0yil (€ el
z ) S Mg prland) dagas et a3 ygall A pus 83lig pedacdl dagat b € i )l
el lahl b duhy Gy 3 paledl puead lgle Jiad ) Aail) aaesd oSaY 4l
O S o) d3ga
Cabll) cid bl 1 Bjeddy mhaad) Aisda b pdaill Gand 8B 35ms Jangd (5.5) Jpaall e .2
igda 2ap kil Gee 52l Jangd 3 bl 13 g (sl Jaee (ohsdll o) gAY
bl e cm A o el Ml (9.5) JSAlL miage aleS Rlid B 3ga3 B mhand)
il 3ae 8l o (5.5) Jsaall (e Langd (15 [2] ge (3 Ving 500 ADke & o) Aigdag
a8y bl ) Jaall Vs 8 il 3l Jaee ae d5lke Clnia il o) L5880 8

bl Lgdd 8 G 0yl (6€ Juablll 138 Jlaa] oS ddle



142

el cid ol 13 2 jeady o) Digia 8 2l Janal 5k 25m a5l (5.5) Jsandl e 23
a0 Jaee 53y Taagd 3 el 1a g (addl) Gas (o) ey (AY)
Jaee o A o i) Ml (10.5) J<aH 8 cpe sale€ mlacdl L5838 Saj YA
ol Jangl (5.5) Jsandl (e Ll [2,8,9,10] o it 130y et Ale o elall dgd g A0
Aoy o NS il (e o pladl Aisia S oyl pland) Aipas 6 A3l Jaee il
oS ol sS SlaeW) 8 saal sl Cililee pues 8 g adadll Gasy sl
Jan 838y mhac A3pdd llaw ) 4380 lelial) 8 Lagady mhaall 43588
L Ao ansd (Kly phaad) Aigia b il adadll el o Jasgl dalal sl D e 4
s Vel s 8 DS Ly daall 2y ol Bas Sliajled Crensiad SN e alll o3 o
Laagly Jarnl) Cldee o) U8 had) Agday ganll Laadl HlasiV) Lgie dudpal) sds b Cueasdiad
e Gl clie AUl 13a gUae) ol Jadh aiae yd cliiahlll (e HESH Callay ol ol 138
Lot s canly 385 gl a SN Gpaied ol oyl dulee Lol Lgie JSI dailgall 3931 dad
lahall e fan Q8 sae aad Aaldl @luhal) ) kil MSE = 0.00856 sl 13 4
plasial Uadl dacs caly 3) [28] duhall eia mhacdl Lgddy gl adl) laady) cueadiad Al
oSls AIST 1040 Zuhll sda (b aasicedl) aedll Gutisy MSE = 0.0184 sl jlaasy)
e e alae¥) Ko Jully aladl) a3 & 5l e e of oSaall o illg dibise adad 81y
OSaall (sl Adle 28y ke ) Aahia) e lial) b mdacd) Aipday ol Lo b Ll
il 48y e 55 AU Glad) asl ga plass¥) daay ol B Cliahl 3gag pae 05S f
el 283 sl bl aae 3Ly adf Jan gl (A paemnll CASaaM) S il plsal) imns b 43S
) AL ) i) e Ll g ol digiids ol dudee b LA 8 A lsd Caaddiul L5

Lt ainayl liahll) e LESH Gl ol aUal) s o Load Jas gl dabaall co¥laall 8 axdius



143
Al il ddee Leady Lgie (U Zalsall L5880 dad ge capaill ilie aUaill 138 elae) ol
el (Sarg Al JlasiVI (e Jolal iy canpll ddee ciriad (Kly gl Ga A s
Al 13a 8 Uadll ducs caly sy ladl) jlaatV) g Jumdl 283 ) Jgeasl) eilslae 8 @l
ol Al Glahall & Gl xie (K add) laai) e il a9 MSE = 0.00574
13 e slae¥) oKey Mally schaad) Aigids sull LAl 5 g Creaiind Al Auly Aaadle
Gs$ of OSaall Gag Tan dle a8y Qe ) clelicall b mlacdl A3sids il dlee b oL
LS Lgaladinly oil) 482 Coaca () ol ) QL) aal g8 axdieadd) U8 (e JAS5 3539 axc
ol ) Jgemsll e IS Loyl Ll JhSally sl Adae o Lansl (14.5) (KA1l e 50
Aaapleall U8 e Slal I8 25 Uaall dus
f ol Al by Al e oag ) Aigdds gl dlee 8 Adlsdial) LUl daalsd ciendial
sas saabls a3 b Uil 1as of Jaagly SlolSedll 3 Lagundy dibial o) b lgilaadle
iyl il Dlac g Sladl 10 50 JiaY) e sae 238 3] Ldlsdall LAY 3 el axe
Jshl iy by dadleddl 5205 Bagd Hlad) die o) LS Laady A 5a (g Jshl i
Gl 3 Al Al (e Jeadl 383 ) deagil) & ) g8 138 G5 o oSaall (gag dadlaall
AL G ) Gald) deag 3 [29] 8 Lady MSE = 0.00472 Ul 13 5 Uadl) ducs
AISI 4340 s duhall & aadieal Gaaad) oSly adll laai¥) (e il 88 e d)5dial)
Alaill 138 28y culS 1Y) e liall b mhand) Aigiay ganll AUl 13 e lae¥) oS Ml
o s allaall 1 il e (S1g LA Bady Jadll st e Juadl 28y culae LgisSs Algie
Aty Cupatl) Tane o s lly Jia¥) Sladl) sse aaas ) aials
=ORECHON[RE IV PER N RPN SIS SO - EPW ER ¥ [PPSR 1 I PIVORVS YA L. JRCTVR R W

Cro DESH (yaias) pUail 1an (f Jangly el igiis gl Adee 3 Lagends claall Jis b



144

Go ANl ) ) Al il pleadl e e AUl 13 alasial ddyeal Audlly il
A dnay ol lghuia cons A Cliah U e wsall aagy Liadly Lgina s 20dS 28yl iyl
Cligsanll 230 034 ) 48 JuadY Jsuasll dalleall ali) & Lgsiidagy Ciliguanl) 23 1duiguasl)
48y Juadl ot Baalsd ) dseash Alglaal (Slg Tan 0€ 485 589 Oseac 300 52 i)
Lad 23 relu s so i) Tl 1 Ly Tas 328300 clelial) 8 mhaodl d5sad gl
Jyeagll cauaily 234 Lialy SGD - alh paddias) cpaneaill ol L MSE 234 5jludll sl dpailly
oS dalles e 220 Ul 138 ks Jalls 0.0001 Lasky 235 abetll Jane Liagly s Ll
Ganld) il 8 [2] 8 Laiy sl (e SN cd il sy Al epochs = 600,000 fa
et dasing CK 60 paral mhaadl Ligidy ganll i (pame 18 (0 ddlje diiguac A<us
ligaanll 3 ) 3903 Gl gl Jeass Al Adlad) Badd) doss of (Saall 0 MSE =0.0637
Jumdl 25 C38 asdd MSE = 0.00067 Ui daws ) Caaldl Jeagi 388 [30] 6 Loy Julal
gl dipady sl AUl 1 e slae¥l (Ko Jalls Zuhall o3 L) cilags A Aol (e
Oe DA priad 4 sa Uil 13 bl (e (S5 Lgte a8 Lageads ddiadl cleliall 3
G ) Bl bl e Liadly 83 Jadl Jsaasl) Alglaad 058 of oSad) (g0 il

eyl (U el
atl (e 3 pdand) Ligday sunll Al Gl leal) ddalug A5aal) Liguand) KAl Caanslad
Of Lansly BN ) ladls Apeanll IS Cups dalee sn Al Cilia) ol il
Al e Al Avigan) CISE (e e @liabll) e il 2 Gl lail) 13
300 ks dalad) diguanll Aal) 8 Loy Jadd Cliguac 5 o (ool dadiieall duiguanll
p3a3 i ol (pueentl) il Ly MSE 5Ll sy relu sl sa aadicedl) Lasdaill alis ¢jpaac

Al dsalsal) Lty B O30 Y Jsemsll oyl ee 3 Gpitendll Gl ale s



145

i 2000 s i) Jua¥l sae 038 JLa¥) 2ae : e st a1 bl ey caldes
DY) diph Lin da 40 58 sl daal) b (issas 3S2) JiaY) Jolall axey cupaill
Baaly Aol (8 ol ill (58l aada mlll Ayla Laty cudg)l) Alae Gyl e Hlad¥l < coda
Allall 138 8 Undl) ducs caly 38y il aUatl) e 43)la0 gl (g 1S (33005 ol caspaill dlacg
el hadl sy gl Apigrac 408 Ginld) axdil 38 [28] i Ly MSE = 0.000446
Clag Al daly MSE = 0.00152 Uadl) daus cualy a8y Adlal) duhall 6 prdicaal) (paeal)
Lpady sl salaic) (Say plaill 13a Jllg dabd) 2adaY) aen (e 383 (il dul) 038 L
AUl 13gd Ldlal) 481 s Sass A28 cleliall b Lageady aliad) cleliall b mlad
DY) N dsmash o Mlly dia IS 3 Eigranll GIGAN o aall Al S 43S 3 sa
Slode <o laxaas o oyl Ao aaiad S i) Luigmal) AN e o Q8 gy
1 oLy L ) ) Jgeasl) a1 fs¥) s3a pfats dallaall cilhe 22 pa il

Alpdal) N QLA By addl sl e ol iy (bl aUail)
I dsasll Gl Gl )sad) Crarsial N mlacs gl o Jyeanll Qb cV A Gans b
23a ) Jlaall slaahlal) (e allats Al cilia lsally o aadl  Jaxt llg A el
U5 (e 2int 5aleS phadl) el Jlaal) 334 o) byl gen 3 Jassl ) kadl) el
sl Aepu) D) i ahlll e gilly Gaalall 218 3 [31] 8 LS Aadiiuall Aadl] driatd) 25,0
Laball o3a (& Law i) dalee (b placdl dipad 8 aas Ay (<oad) Al cdudaal) Jaes
(10.5) JSal 3 (e soLeS dphad e o o) digdidg 40510 Jare G 3D (o Lansd
0.18 Ga Y2 0.05 (e Toa Jolall algiy a1l 1o Gy 3xl Janal Jlaall gacasi 3 el
ol Locals i J2eY) Jall Jeasll daailsad) A51Sa] plad Liady rlacdl digid (ppas Alglaal

o aalell diall & iaY) Jslal) 2aes 100,000 58 Jia¥) Ja¥) axe a4 lgale 3105 (S5 ]



146

& o) 2 i) lee Laiw culg)ll dlae Gl ge JLEAY) sa L) dlees da 500
o Aiaadl Aua lsal e Anill) el g sasls AL

s 0.7 mm :adadll Gecy 0.106 mm/rev :dall Jaeag 2377 r.p.m rohsall deju
7 sdaiall aig duail) climll e Jeadl 29 Ra= 0944 um  :mhas &35 Calac]
i) a) e pal ) disdia IS Y ¢l

s 0.7 mm :addll Gecy 0.106 mm/rev :aall Jaeag 3604 r.p.m :ohsall deju
4 il ajs Lapall Cliad) e Jeadl a9 Ry = 0.969 pm imha Ligda il

el Lgdd (he aal dardil) e IS 3 (s

oo J8 Gpxiad aalgll daall o ) Tas dle Ao Jont dua lsad) of Jangd el 23] Jgemslls

S leinls Lads Lelee A1 pgdl die ub ) Leinla 58 dsalsall 038 Gl (pa 5anls Al

Gappail) Sl (e Jeadl daa ol (e Aa3ll) mlandl Aipid o Langly cahlll (he ppaad) Tasca

oo Lpia Jumdl (805 dertienall Aaill 3aad) Jlaall b Lbiads o5 ) (5.5) dsand) 8 dial

U.A’T’céjg‘-"jsw“;\“wﬁid}@‘&@j)bﬂ\o&ﬁggjmpj 0.9 um L\f)fiigsﬁt@:‘lg

el 038 (o B mhac Aigdd ded call) YA

pens b L mhad) disdds sl Gl jled 5 A5l Cad 43 8 Aual) o3 duadl Aaw .10

sl Gl Sy Y e il d5)lae 21 [2,8,9,10,28,29,30,31] dald) el
s Lals mhadd) Aigats 5l Jlae by dale i€l 3 HIS Lgalasial 2 ol @il lsa
Lgia el (53 (Liall a1l dabisgs A5l Lisaan) ClKl) cpna ol ) Jea gl
S o) 138 Caeadiad ) dlad) Slubal) ae &)laddls MSE = 0.000446 oa il Uasl
Aagas calacl ally Bl el ) deagill @3 Lady 281 o3¢l Jeasill i ol diide gpaladl

Ld aaly caeal Badak lgisS 8 Auhall oda 3sd ey Ll cliell e Juadl mdas



147
O Al gl gacal Tl (Slg cpaeal) 13g) i Lals o bl Al jaen g1 AIST 1040
Ll€a) ol it (plae o AadalY] o3 s lglas 5 (98] alae aladial e dalial) o2

Nl lgalaziu



148

Aaliieal) (35 cluagil :asbudl Juadl

Slagil). 1.7

) e gl Ciadd Allud) i) o Talaie!

3 dalell 8y e slae¥) s e adadll chiahls sant & Ll Clad) alasiad Guisty ash -1
O SN 5aly ) Assdall sd (595 o Sasg cdagllaall e dibiae o d3gaa ) Gl a5
Alal) dadadll e (aldil) s gl cdakadll jee Julis cJSTI Jane 82L) ASniall eliaY)

sidy ol (Al Gae)ylsa)) Aalgy 45040 Agranl Il 3l SH) aUadl) alasial L2
tie dime mhao A3sdd Qb ) 2382 cleliall b Laageady A cileliall 8 mlad)
LSalSaal) hal) (iU agae) cljlaad) delia (Eals JSha ALK ehial) @l yillall delia
ey cclalgally Gl aall dalall claeall adad

Aaall dgigranll AGAY) 3l S AU pladial e cplelall Qi danyn ey il L3
(L) Lo sl ddalussy

ahial cleliall 8 pha doged Juail o Jpmnll il Lavie i) claal) aladsl .4
Y1 slae cdalaall cdglall g1 ool ccnlabaca) 2S5 pagl) eha¥) 1 8 Lasaads
thy e eliadlly oyl

Sy 0.7 mm kil 3acy 0.106 mm/rev :43all Jaeag 2377 r.p.m :ohsall deyu (@
oo ol mhaadl digdd culS ) (S 7 il Gayy Ra= 0.944 pm imlan 3988 Calac

-dardal) e



149

&5 0.7 mm :akidl) 3acy 0.106 mm/rev il Janay 3604 r.p.m  :ghall 4oy (b
Oe ol dsriil ey OIS 3 (Sl 4 rdsil ays Ry = 0.969 pm  ixhau digdd ke

ol A3gia

Aldiud dday Jlel alaji8a.2.7

sddy sunll (Luad) dueyleall dlalusy A5l Arigreanl) CIKAN) H3hAN S el 45)lke .1

tdie GAY) aidal) olSH) il ylss e had
(Ridge Regression, Lasso Regression, Support Vector Machines)
tdie @AY Y] Jall Clia) lsd ae L) duajsleal) L) ciliags Al Al el d3)lae .2
(Particle Swarm Optimization (PSO), Ant Colony Optimization Algorithm)

Cilaladind 8 (Al Lae)lsal) Aalssy L504) Asaeael) Gl 3l (S Ul Gladsd .3
(Omanilly araaill (bilaal) 8 oSl (JaeYy elad¥) e adsl) ie )l

Oy Lo i ol ) cliball daails Jia iaY) ol ) Jsaal) driall Gilia)sleall celain) .4
o sl el Gliall (o and Jonds (Sap 3) AddSilly Clgll (e LIS Capdds 8 aclay 13 o
LYY A ) Jgeaglls Lol il ally daayleall Jlaal) s

B33 mlacs A5pdid (aiat llam Al ¢ yig plly agialV] Jie (g1 alae o dblas duls ela] .5


https://u-next.com/blogs/machine-learning/popular-regression-algorithms-ml/#Ridge-Regression
https://u-next.com/blogs/machine-learning/popular-regression-algorithms-ml/#Lasso-Regression-

150

Gaanll 4381500 Jlacty)

Alal) Sl b el Aigady gl aidall oKH) Glio)ylsn elal andl 1olsie Gy & L]

e Bl Alaa ~(2023)



151

References aalyll

288t - ahal) 1l - olaall iad duas (2013) . ke cpmsdl -1

AbAll adadl) clypitiag i) Aigdd (py ABal) dadall il plSH) ladiu) (2014) Al ((JSS 2

10.

11.

12.

13.

14.

15.

16.

160 :0a A ysw fEhed (e daala 30058y LSSl duigl) AS L SiilSae avenas

583 10a cdysw f3he (1) auiail) 3ihh . (2008) (lee cdlas .3
179 & m Aaged) Lyl ALl £l AN ST Bl . igaly ) oyl eled) sipll 4

497t st e LSl cilubilly (wlidY ale .(2014) L& «iyd 5

Whitehouse, D. J. (2010). Handbook of surface and nanometrology. CRC press.

Pont, S. C., & Koenderink, J. J. (2008). Shape, surface roughness and human
perception. In Handbook of texture analysis (pp. 197-222).

Ercetin, A., & Usca, U. A. (2016). An experimental investigation of effect of turning
AISI 1040 steel at low cutting speed on tool wear and surface roughness.

Prakash, D. B., Krishnaiah, D. G., & Shankar, N. V. S. (2016). Optimization of process
parameters using Taguchi technigues when turning AISI 1040 steel with coated
tools. International Journal of Mechanical Engineering and Technology (IJMET).

Rodrigues, L. L. R., Kantharaj, A. N., Kantharaj, B., Freitas, W. R. C., & Murthy, B. R.
N. (2012). Effect of cutting parameters on surface roughness and cutting force in
turning mild steel. Research Journal of Recent Sciences.

Petre, E. G. (2009). A decision tree for weather prediction. Universitatea Petrol-Gaze
din Ploiesti, 61(1), 77-82.

Nasiri, S., Khosravani, M. R., & Weinberg, K. (2017). Fracture mechanics and
mechanical fault detection by artificial intelligence methods: A review. Engineering
Failure Analysis, 81, 270-293.

Cabrera, J. A., Simon, A., & Prado, M. (2002). Optimal synthesis of mechanisms with
genetic algorithms. Mechanism and machine theory, 37(10), 1165-1177.

Jakiela, M. J., Chapman, C., Duda, J., Adewuya, A., & Saitou, K. (2000). Continuum
structural topology design_with _genetic_algorithms. Computer Methods in Applied
Mechanics and Engineering, 186(2-4), 339-356.

Winston, P. H. (1984). Artificial intelligence. Addison-Wesley Longman Publishing Co.,
Inc..

Moolayil, J., Moolayil, J., & John, S. (2019). Learn Keras for deep neural networks (pp.
33-35). Birmingham: Apress.




152

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

30.

31.

Suzuki, K. (Ed.). (2013). Artificial neural networks: Architectures and applications.
BoD-Books on Demand.

Vasilev, 1., Slater, D., Spacagna, G., Roelants, P., & Zocca, V. (2019). Python Deep
Learning: Exploring deep learning technigues and neural network architectures with
Pytorch, Keras, and TensorFlow. Packt Publishing Ltd.

Carr, J. (2014). An introduction to genetic algorithms. Senior Project, 1(40), 7.

Mirjalili, S., & Mirjalili, S. (2019). Genetic algorithm. Evolutionary Algorithms and
Neural Networks: Theory and Applications, 43-55.

Papazoglou, G., & Biskas, P. (2023). Review and Comparison of Genetic Algorithm and
Particle Swarm Optimization in the Optimal Power Flow Problem. Energies, 16(3),
1152.

Bastanlar, Y., & Ozuysal, M. (2014). Introduction to machine learning. miRNomics:
MicroRNA biology and computational analysis, 105-128.

Bressan, M., Damay, G., & Sozio, M. (2022). Eully-Dynamic Decision Trees. arXiv
preprint arXiv:2212.00778.

Gross, J., & Grof, J. (2003). Linear regression (Vol. 175). Springer Science & Business
Media.

Biau, G., & Scornet, E. (2016). A random forest quided tour. Test, 25, 197-227.

Rigatti, S. J. (2017). Random forest. Journal of Insurance Medicine, 47(1), 31-39.

Walter General Catalog.(2018).North America.

Asiltiirk, 1., & Cunkas, M. (2011). Modeling and prediction of surface roughness in
turning operations using artificial neural network and multiple regression
method. Expert systems with applications, 38(5), 5826-5832.

Agrawal, A., Goel, S., Rashid, W. B., & Price, M. (2015). Prediction of surface
roughness during hard turning of AISI 4340 steel (69 HRC). Applied Soft
Computing, 30, 279-286.

Boukezzi, F., Noureddine, R., Benamar, A., & Noureddine, F. (2017). Modelling,
prediction and analysis of surface roughness in turning process with carbide tool
when cutting steel C38 using artificial neural network. International Journal of
Industrial and Systems Engineering, 26(4), 567-583.

Zain, A. M., Haron, H., & Sharif, S. (2010). Application of GA to optimize cutting
conditions for minimizing surface roughness in end milling machining
process. Expert Systems with Applications, 37(6), 4650-4659.




Gl

(1) o @il
2+1 a8 4all G-codes
%
01000
G53 GO0 X0 Z0
T0707
G99 G97 S1274 M3
GO X+51.1072 Z266.6971 M8
G0 X+53.291
Z67.2321
X+28.4
G1 X+23.4 F.075
Z262.2321 F.18
242.2321
G0 X+53.291
266.6971
X+51.1072
X+51.8808 Z42.2408
X+52.0366

Z247.2321



X+28.8

G1 X+23.8 F.075
Z42.2321 F.18
Z22.6321
X+24.2

G0 X+52.0366
Z742.2408
X+51.8808

M5 M9

M30

%



(2) o @l
A laaidl aanll 159

#import libraries

from sklearn.model selection import train test split

from sklearn.linear model import LinearRegression

from sklearn.metrics import mean squared error,mean_ absolute error
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import joblib

# read the samples

file=pd.read csv('C:\\Users\\USER\\Desktop\\samples.csv"')
x=np.asarray(file[['speed',6 'feed', 'depth']])
y=np.asarray(file[['rough']])

#split the data

xtrain,xtest, ytrain, ytest=train test split(x,y,train size=0.8,random state=
10)

xtrain,xval,ytrain, yval=train test split(xtrain,ytrain,test size=0.1, random
state=10)

# create the model
model=LinearRegression ()
model.fit (xtrain,ytrain)

#predict
predicted=model.predict (xtest)

#Evaluation the model
MSE=print (mean squared error (ytest,predicted))

# plot

plt.plot(ytest, 'ob',label="Actual',markersize=9)

plt.plot (predicted, "+r',label="Predicted',markersize=16)
plt.legend (shadow=True, loc="'best', fontsize=15)

plt.grid()

plt.xlabel ('Samples', fontsize=16)

plt.ylabel ('Roughness', fontsize=16)

plt.title('Actual VS Predicted with LinearRegression', fontsize=16)
plt.show ()

# Save the model
filename='LinearRegression'
jJjoblib.dump (model, filename)
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# import libraries

import Jjoblib

import numpy as np

import pandas as pd

from sklearn.model selection import train test split

from sklearn.tree import DecisionTreeRegressor,plot tree

from sklearn.metrics import mean squared error,mean_ absolute error
import matplotlib.pyplot as plt

# read the samples

file=pd.read csv('C:\\Users\\USER\\Desktop\\samples.csv"')
x=np.asarray(file[['speed', 'feed', "depth']])
y=np.asarray(file[['rough']])

#split the data

xtrain,xtest, ytrain, ytest=train test split(x,y,train size=0.8,random state=
10)

xtrain,xval,ytrain, yval=train test split(xtrain,ytrain,test size=0.1, random
state=10)

#create the model
model=DecisionTreeRegressor ()
model.fit (xtrain,ytrain)

#predict
predicted=model.predict (xtest)

#Evaluation the model
print (mean squared error (ytest,predicted))

# plot

plt.plot(ytest, 'ob',label="Actual',markersize=9)
plt.plot (predicted, "+r',label="Predicted',markersize=16)
plt.legend (shadow=True, loc="'best', fontsize=15)
plt.grid()

plt.xlabel ('Samples', fontsize=16)

plt.ylabel ('Roughness', fontsize=16)

plt.title('Actual VS Predicted with DecisionTree', fontsize=16)
plt.figure(figsize=(20,10))

plot tree(model, filled=True)

plt.show()

# Save the model
filename='DecisionTree'
joblib.dump (model, filename)
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# import libraries

import Jjoblib

import numpy as np

import pandas as pd

from sklearn.model selection import train test split
from sklearn.ensemble import RandomForestRegressor

from sklearn.metrics import mean squared error,mean_ absolute error
import matplotlib.pyplot as plt

from sklearn.tree import DecisionTreeRegressor,plot tree
import warnings

warnings.filterwarnings ('ignore')

# read the samples

file=pd.read csv('C:\\Users\\USER\\Desktop\\samples.csv')
x=np.asarray(file[['speed', "feed', "depth']])
y=np.asarray(file[['rough']])

#split the data

xtrain,xtest, ytrain, ytest=train test split(x,y,train size=0.8,random state=
10)

xtrain,xval, ytrain,yval=train test split(xtrain,ytrain,test size=0.1, random
state=10)

#create the model
model=RandomForestRegressor (n_estimators=10)
model.fit (xtrain,ytrain)

# Predict

predicted=model.predict (xtest)

#Evaluation the model

print (mean squared error (ytest,predicted))

# plot
for i in range(len(model.estimators )):

plot tree(model.estimators [i])

plt.show ()
plt.plot(ytest, 'ob',label="Actual',markersize=9)
plt.plot (predicted, '+r',label="Predicted',markersize=16)
plt.legend (shadow=True, loc="'best', fontsize=15)
plt.grid()
plt.xlabel ('Samples', fontsize=16)
plt.ylabel ('Roughness', fontsize=16)
plt.title('Actual VS Predicted with RandomForest', fontsize=16)
plt.show()

# Save the model
filename='RandomForest'
joblib.dump (model, filename)
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# import libraries

import numpy as np

import pandas as pd

from keras.callbacks import History

import matplotlib.pyplot as plt

from keras import layers

from keras import models

from sklearn.preprocessing import MinMaxScaler,StandardScaler
from sklearn.model selection import train test split

from sklearn.metrics import mean squared error,mean absolute error
from keras.optimizers import SGD

history=History ()

scale=MinMaxScaler ()

# read the samples

file=pd.read csv('C:\\Users\\USER\\Desktop\\samples.csv"')
x=np.asarray(file[['speed', "feed', "depth']])
y=np.asarray(file[['rough']])

# split the data

xtrain,xtest, ytrain, ytest=train test split(x,y,train size=0.8,random state=
1)

xtrain,xval, ytrain, yval=train test split(xtrain,ytrain,test size=0.1,random
_state=1)

xtrain=scale.fit transform(xtrain)

xval=scale.fit transform(xval)

xtest=scale.fit transform(xtest)

#create the model

model=models.Sequential ()
model.add(layers.Dense (300, input dim=3,activation="relu',kernel initializer
='normal'))

model.add(layers.Dense (1))

model.compile (loss="MSE',optimizer=SGD(learning rate=0.0001),metrics=["'MSE'
1)

model.fit (xtrain, ytrain, epochs=600000, verbose=2,batch size=1,callbacks=[his
tory],validation data=(xval,yval))

# Predict
predicted=model.predict (xtest)

# Evaluation the model
print (mean squared error (ytest,predicted))

# plot

plt.plot (history.history['loss'], "blue')
plt.plot (history.history['val loss'],'--r'")
plt.xlabel ('Epochs'")

plt.ylabel ('Loss')



plt.legend(['Training', 'validation'], loc="best')

plt.show()

plt.plot(ytest, 'ob',label="Actual',markersize=9)

plt.plot (predicted, "+r',label="Predicted',markersize=16)
plt.legend (shadow=True, loc="'best', fontsize=15)

plt.grid()

plt.xlabel ('Samples', fontsize=16)

plt.ylabel ('Roughness', fontsize=16)

plt.title('Actual VS Predicted with NeuralNetworks', fontsize=16)
plt.show ()

# Save the model
model.save ('D:\\NeuralNetwork.h5")
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# import libraries

import pygad.kerasga

import numpy as np

import tensorflow

import pandas as pd

import pygad

from sklearn.preprocessing import MinMaxScaler

from sklearn.model selection import train test split
from sklearn.metrics import mean squared error

# read the samples

scale=MinMaxScaler ()

file=pd.read csv('C:\\Users\\USER\\Desktop\\samples.csv"')
x=np.asarray(file[['speed',6 'feed', 'depth']])
y=np.asarray(file[['rough']])

# split the data

xtrain,xtest, ytrain, ytest=train test split(x,y,train size=0.8,random state=
1)

xtrain,xval,ytrain, yval=train test split(xtrain,ytrain,test size=0.1, random
_state=1)

xtrain=scale.fit transform(xtrain)

xval=scale.fit transform(xval)

xtest=scale.fit transform(xtest)

# Data inputs

data inputs = xtrain

# Data outputs

data outputs = ytrain

#create the model
def fitness func(solution, sol idx):
global data inputs, data outputs, keras ga, model

model weights matrix =
pygad.kerasga.model weights as matrix (model=model,

weights vector=solution)
model.set weights (weights=model weights matrix)
predictions = model.predict (data_ inputs)
MSE = mean_ squared error (data outputs, predictions)+ 0.00000001
solution fitness = 1.0 / MSE
return solution fitness
def callback generation(ga_instance) :
print ("Generation =

{generation}".format (generation=ga instance.generations completed))
print ("Fitness =



{fitness}".format (fitness=ga_instance.best solution() [1]))

input layer = tensorflow.keras.layers.Input(3)
dense layerl = tensorflow.keras.layers.Dense (5,
activation="relu") (input_ layer)

output layer = tensorflow.keras.layers.Dense (1,
activation="linear") (dense layerl)

model = tensorflow.keras.Model (inputs=input layer, outputs=output layer)
weights vector = pygad.kerasga.model weights as vector (model=model)
keras ga = pygad.kerasga.KerasGA (model=model,

num_ solutions=40)
num generations =2000

num_ parents mating = 2
initial population = keras_ga.population weights
ga_instance = pygad.GA(num generations=num generations,

num_parents mating=num parents mating,

initial population=initial population,

fitness func=fitness_ func,

on_generation=callback generation)
ga_instance.run ()

solution, solution fitness, solution idx = ga instance.best solution()
print ("Fitness value of the best solution =

{solution fitness}".format (solution fitness=solution fitness))

print ("Index of the best solution

{solution idx}".format (solution idx=solution idx))

best solution weights = pygad.kerasga.model weights as matrix(model=model,

weights vector=solution)
model.set weights (best solution weights)

# Predict
predictions testing = model.predict (xtest)

# Evaluation the model
MSE Testing=mean squared error (ytest,predictions testing)
print ('MSE Testing', MSE Testing)

# save the model

save=model.save ('D:\\NNGA2.h5")

ga_instance.plot fitness(title="PyGAD & Keras - Iteration vs. Fitness",
linewidth=4)
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import pygad
import numpy as np

desired output = 0.00000000000001

def fitness func(solution, solution idx):

output = -3.545+0.000064*solution[0]+34.69*solution[1]~-
0.598*solution([2] -
0.000421*solution[0]*solution[1]+0.000015*solution[0]*solution[2]+2.61*solu
tion[l]*solution[2]

fitness = 1.0 / (np.abs(output - desired output) + 0.000001)

return fitness

num_generations = 100000
num parents mating = 2
sol per pop = 500
num_genes = 3

last fitness = 0

def on generation(ga_ instance):

global last fitness

print ("Generation =
{generation}".format (generation=ga instance.generations completed))

print ("Fitness =
{fitness}".format (fitness=ga_ instance.best solution(pop fitness=ga instance
.last generation fitness) [1]))

print ("Change =
{change}".format (change=ga instance.best solution(pop fitness=ga instance.l
ast _generation fitness)[1] - last fitness))

last fitness =
ga_instance.best solution(pop fitness=ga instance.last generation fitness) [
1]

ga_ instance = pygad.GA(num_generations=num generations,

num_parents mating=num parents mating,

sol per pop=sol per pop,

num genes=num_genes,

fitness func=fitness func,

on_generation=on generation,
gene space=[{'low':1274,'high':3822},{'low':0.18, "high':0.25},{'low':0.6,'h
igh':1.0}1)

ga_instance.run ()

ga_instance.plot fitness()

solution, solution fitness, solution idx =
ga_instance.best solution(ga_ instance.last generation fitness)
print ("Parameters of the best solution

{solution}".format (solution=solution))

print ("Fitness value of the best solution =

{solution fitness}".format (solution fitness=solution fitness))



print ("Index of the best solution
{solution idx}".format (solution idx=solution idx))

prediction = -3.545+0.000064*solution[0]+34.69*solution[1]~-
0.598*solution[2] -
0.000421*solution[0]*solution[1]+0.000015*solution[0]*solution[2]+2.61*solu
tion[l]*solution[2]

print ("Predicted output based on the best solution

{prediction}".format (prediction=prediction))

if ga instance.best solution generation != -1:
print ("Best fitness value reached after {best solution generation}
generations.".format (best solution generation=ga instance.best solution gen

eration))

# Saving the GA instance.
filename = 'geneticl'
ga_instance.save (filename=filename)
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import pygad
import numpy as np

desired output = 0.00000000000001

def fitness func(solution, solution idx):

output = -3.545+0.000064*solution[0]+34.69*solution[1]~-
0.598*solution[2] -
0.000421*solution[0] *solution[1]+0.000015*s0olution[0]*solution[2]+2.61*solu
tion[l]*solution[2]

fitness = 1.0 / (np.abs(output - desired output) + 0.000001)

return fitness

num_generations = 100000
num parents mating = 2
sol per pop = 500
num_genes = 3

last fitness = 0

def on generation(ga_ instance):

global last fitness

print ("Generation =
{generation}".format (generation=ga_ instance.generations completed))

print ("Fitness =
{fitness}".format (fitness=ga instance.best solution(pop fitness=ga instance
.last generation fitness) [1]))

print ("Change =
{change}".format (change=ga_ instance.best solution(pop fitness=ga instance.l
ast _generation fitness)[1l] - last fitness))

last fitness =
ga_instance.best solution(pop fitness=ga instance.last generation fitness) [
1]

ga_instance = pygad.GA(num_generations=num generations,
num parents mating=num parents mating,
sol per pop=sol per pop,
num_genes=num_genes,
fitness func=fitness func,
on_generation=on generation,

gene_space=[{"'low':1274, 'high':3822},{"low':0.05, "high':0.25},{"'"low':0.6, 'h
igh':1.0}1)

ga_instance.run ()

ga_instance.plot fitness()

solution, solution fitness, solution idx =
ga_instance.best solution(ga_ instance.last generation fitness)



print ("Parameters of the best solution

{solution}".format (solution=solution))

print ("Fitness value of the best solution =

{solution fitness}".format (solution fitness=solution fitness))
print ("Index of the best solution

{solution idx}".format (solution idx=solution idx))

prediction = -3.545+0.000064*solution[0]+34.69*solution[1l]~-
0.598*solution[2] -
0.000421*solution[0]*solution[1]+0.000015*solution[0]*solution[2]+2.61*solu
tion[l]*solution[2]

print ("Predicted output based on the best solution

{prediction}".format (prediction=prediction))

if ga instance.best solution generation != -1:

print ("Best fitness value reached after {best solution generation}
generations.".format (best solution generation=ga instance.best solution gen
eration))

# Saving the GA instance.
filename = 'genetic2'
ga_instance.save (filename=filename)



Abstract

Surface smoothness is a critical characteristic that should be present in
products, as many practical applications require a highly smooth surface to
perform its desired function to the best possible performance. Surface
roughness is an important indicator of material quality, and in manufacturing
and production, it is crucial but difficult to measure surface roughness based
on inputs such as rotation speed, feed rate and depth of cut. Some studies have
shown that increasing the rotation speed or decreasing the depth of cut
improves surface roughness. Therefore, this study was conducted to determine
the effect of cutting parameters (rotation speed, feed rate, depth of cut) on
surface roughness of AISI 1040 metal, which was chosen for its important and
numerous uses in industry, such as couplings, bearings, crankshafts and more.
It was observed that only decreasing the feed rate reduces surface roughness,
while the optimal values of rotation speed and depth of cut cannot be
determined to reduce surface roughness. Therefore, artificial intelligence
algorithms (neural networks, linear regression, decision tree, random forest)
were used, and a comparison was made between them to determine the best
model capable of predicting surface roughness before performing the
operation. It was observed that the performance of neural networks was better
compared to linear regression, decision tree, and random forest. Genetic
algorithms were then used to train the neural network, and the results showed
that the neural network trained using genetic algorithms was better than the
previous neural network. Genetic algorithms were also used to find the
optimal parameters to improve surface smoothness, and the genetic algorithms
were evaluated by using the parameters resulting from the genetic algorithms
to run several new samples, and the results showed that the genetic algorithms
gave better surface smoothness than the experimental samples.

Keywords: Turning, Surface Roughness, Artificial Intelligence, Neural
Networks, Linear Regression, Decision Tree, Random Forest, Genetic
Algorithms.
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