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+ Metonewristic  teavdh-oased opHmisation

tednnigue

OpH mal ond  Wear—optimal tolutiowns

numerical weasure for a

problewm; o log Optimised

- ey ncwrawy of \/\3? over Yrain date

© Suoset of Al possible ewcoded Solwhoms

One Suda Soluhion 4o Prob\evv\

© Dne element gosition of a  chromosowme

A3 |[1/0/1(0]|1]1

A4 11/1/0/111]0 Populatior

,,,,,,,

© vibhas notes 2021



Volue o ene taves for a park cway
daromosome

{0(1(0/11]0 1‘0 1'_—40.1'1’0‘.1'0"].1071.‘ Chromosome
i - - !

Mrer oenetc tompouition of  offipring
Lrogeover, mwiatim , Selechon ete

Populotion e  Compuinfion Space
' Tn bio, genotupe & possible set of alleles
Lo 68,88, Gb)

fopulaion w  he real-wmld colution
space
* Tn bio, phenotype & the vecult of a
aenotwpe Clalme  eyes, brown  Lyes)
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Genotype CityE | CityA | CityC | CityD | City G | CityH | City F | City B

l l Mapping

F
) Tl ]

Phenotype / 1

G enotnpe  Representahion

© Paramereve of the Solubien (ened) are
coneoarenated *o foym O s’wi«\% (romo-
tome)

Ef\coo\i:\Q-. doto.  Mvucture €or reprecenting
candidaxe  Solwhgns

. (:\eno’qs?e_ fe,\)rcs entation

I Binory S¥ri

2 Volune encoding -veal [int
3. Purmuiatiom presentatim
k- Rondom key | vepresenmiation
s. benes tn  arrons, trees, itk
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‘LMPro?er znwoktmé'. ?oo\’ flv‘l!o{mance

O/l kroptatk problem : binany Sring

1f-then-else representations

0L 0o | o [ |

Sving of Yy Vale

Chromosome 1: 3.3245, 5.2132, 1.333, 121.5623 (real numbers)
Chromosome 2: word, asdfasd, Odfsd, cents, dollar (words)
Chromosome 3: SSNSW, NWWN, NWNNN, SSSS (directions)

rossover g wmuwtation methods  unique o
valwe fype

© efr Nocth, Louth, Bost, wWesk

— North, South, East and West, we can encode them as
{1,2,3,4}.
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best fy ovﬁmisa\kiav\ i & LonKiNnWowS
seaceh space

no  ancoding [ o\cwo\\‘nQ Sreps

5.28 | -475.36

Real-value representation

+ fon [evder re.?resev\m-\—{m
' 68-. TSP with & ifes

3-5-8-1-4-2-6-1

- Solufion  emcoded  with voandown ey
€ Cihy TSP con  be
[0.45 0.68 0.91 0.11 0.62 0.34 0.74 0.89]
dewded 4o 3-5-8-|-y-9-(-7
© €9 waochine Sc\:\eolu\\{v\g

resource ollocatiom
velhicle vcounbn

%Mra“c ag C‘IQ)Y\N\'Q‘V\,‘ © vibhas notes 2021



S. Tree re‘)res entahon

Tree Encoding
Edge Encoding Vertex Encoding Edgi g‘;’i‘:‘:ex

ey Prufert  code

« Problem: floor Planniny - piven ciceuiks
of different area :;eremen\-s ) Aranpe in
Mminimum \mﬁow\'

G
G
¢ |lo] &
G \&J ! ©
] 5
C7 \ C4
Cs| |Cs
C6 ds C8 6
Cio G
10 circuits A floor plan

H opevoder. hevizontml cwky iy H = 5 on top
of (

© Voperator:  verbical euty iJV=) j rightof
v
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Floor Plan |

Polish notaign:

. - -

Binary tree representation of the floor plan |

214 67V 45V HaH YV

. Problem - nenetc pone \abov\\' enpine

User Images
(sorted by event)

Album pages

Fall By | Pagelayout —

A - User =il o;y;,"er -
i e =-
H! B Page Image o i
" Genetic Page Genetic . lu

Ll ] | (E0 "r‘

: -

o ks il e

] &y
re
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Coosi Whidh davromotonnet coduce
of€s ?r?é% i

thoote whida clicomotomes  Survive Yo the
next %ev\ero\’ddv\

At +he end of each peneration, new
population of  candidite Sole chosen

© New ?o?m\o\'ﬁm selected miy o
0("(38?({1\6

© New populatin celected from ‘ot parents
and O-FPSP(\"\%

+ Generate 1 v OH’S?(E W each iter

+ Replace ¢ ov 2 individuals From the pop
klco called

. No‘_ us ed MMUI\ © vibhas notes 2021



Size N Size m, m<N

8 Seloct @1
Population Mating Pool
P : UBS__F/

"
e

Genetic
operators
_—
3
New Population Replacement ' Offsp-rin; ]
Size m

Old individuals are replaced by new
ones (m offspring)
m/N is called generational gap G

tH Generatiomal

- (henerate n o(—'kpym ¢ (n=pop sie)
© entire populatim veplated by new ofe

i ___Size N
Select (
Population [\ Mating Pool

Genetic
operators
ize I\
R
New Population Offspring J
Size N

After each generation, the whole
population is replaced by its
offspring, which is called the
“next generation”

. 050 &)
* raho O-F children of individuale in the
?PQV Q)QV\ h POP s‘w © vibhas notes 2021



* 6 =1y all individwalt are cwlldren of
prev gen

* When & intreaces, global Search capability

neranted WwWhile  local  Search c«fabilcha
Aecvenses

© Tokeover +Hime
Probability of  best individuak leing
selected
* High selective pressure  operptore:  decvease
o\Nzrc\'\P anore  vopidly
- Wl lead o premature converpente

¢ Irat pop

- Select parents Lov crossover

© kpply crosover ond  mukatign  operaters on
parents — aenerate offepri

‘ OGQSMC rcp\w.e ¢m°sh‘ng> individuwale
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1. Start: Randomly generate a population of N chromosomes.
2. Fitness: Calculate the fitness of all chromosomes.
3. Create a new population:
a. Selection: According to the selection method select 2 chromosomes
from the population.
b. Crossover: Perform crossover on the 2 chromosomes selected.
c. Mutation: Perform mutation on the chromosomes obtained.
4. Replace: Replace the current population with the new population.
5. Test: Test whether the end Termination condition is satisfied. If so, stop. If
not, return the best solution in current population and go to Step 2.

Each iteration of this process is called generation.

+ How obood o candidate solubion ¢
+ Criteria for ronking  potential hypothetes
- Uaavocterishics

- fogt Yo com?u{-e
- gmandtative  weature of £}
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+ Selechim, Lrogsover, muwrohon

Initial
population
@ __________ Genetic Operators

Next J:]
population

- select &omwm current gin  to take park n
re?roo\uw\g)
- eq. fitness  propovhion
vouletke wWheel
rournameny

anw
rond om

- seledt  4rem ?areﬂ¥8+0(:€spﬁﬂla- o Ao nkbo
next en
- Uy ¢ oosdd
Hinese  wosed
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farent  Seethm

0 Finets  propurtion  Seleckion

- Thinl of pop ac  circular wheel Lith w
Sechuns

© Aren ofF Seckion o fitmest of individwal

Ind 5 (11) Ind 1 (15)

Population Fitness 10% 14%

Individual 1 15
Individual 2 27 |:’>
Individual 3 6

Indivichial 4
Individual 5

SRR, Ind 2 (27)

e e A e T 24%,

47% ........

| Individual 2 1s selected I <:_| | Randomly generated number = 21 I

Ind 3 (8)
5%

(i) Roulettre \Oheel
© Same  cteewlar pie o  before

© Fixed point on wheel circundertnce  chogen
and wWhee| i Spun

Repion #not  landc n front o fixed potat
i& w\os en © vibhas notes 2021



Chromosome fipess
Value
A 8.2
3.2
14
1.2
4.2
0.3

Fixed Point o

mimoOo|Nn|®

Spin the
roulette

wheel
Choose D as the parent

. mey\emamﬁ '\3

— selett &= tum of  fitnesces

- g‘ﬂxﬂera&e rovrdom iumber bYjw 0 and §

- Sorting ot dhe Y0p of pop, keep a\oto\.‘r\g
fitnecses o fuﬂ'(al tum P HlU P <
Ccumulahive Festd

- when P >8, i W chosen

W) Tournament  Seledaon
Selett & individuals from pop ot vandwm

+ Seletk  oesy owt of Maete o becowme one
?o\r.eﬂ’r

. o.epw»l' ber  next pomen\—

© lan wWolk  with  negpive fitnees  volnes
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Fitness Chromosome
Value

oy

|
> A

Pick the best
as parent

Select
K chromosomes
at random [ A ]

QI ININIODIWINIdDIN BV |WO
~lc|<l||m|n|m|x|u|[S|[N]|>]|p

i) Rank Selethm

Celechom bvottd on vonve ond wor  finess
volwes

© WoYlt M nepakive fwnesge
Wy ~awdm | gelechim

P\m\dmlﬁ selected (no €itnest  cowmctideration)

Suwevivey  SelecHion
¢ W individuale  wicked owt

¢« pliriem: owcrend  fidrest wember of pop
olwayys propacyrted 4o wext gen
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) Aqse_-baseo\ Celethon

* No fitness

Cachh individual allowed in £or o
finite generatiom Lohen it '’ allowed 4o
reproduce)
Mfror that, Liced owy
" 3;;:;35 Chromosome e s:;:fe,s -
6 |[1 p1 7|1 p1
8| s P2 Fithess  Chromosome 9 |[s P2
5 (|9 P3 K a |9 P3
I P4 L8]] e | ol 8 c1
2 |[2 |, => 3l iz PS
3| a P Lo ]| 2 | a||a 6
E p7 ol o9 Q
2 2 P8 OFFSPRINGS 3 2 P8
5 ([ 1 P9 6 || 1 )
2|0 P10 s ([ o P10
EXISTING NEW POPULATION
POPULATION
() Fitness- Rased  Selechiom
Children tend to  veplace leatt  fit

- Seledk  leasy fit

lkﬁlg Q\Ma ?O“Cﬂ
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Fitness Chromosome Fitness Chromosome

Value Value
1 P1 8 C1
5 P2 Fitness Chromosome 5 P2
9 P3 Ve 9 P3
8 P4 g L 8 P4
7 S * => 7 P5
4 P : o 4 P6
2 P7 2 P7
2 P8 OFFSPRINGS 2 P8
1 P9 1 P9
0 P10 9 C2
EXISTING NEW POPULATION
POPULATION

Gy One—poir\\—

aid) Two - poiny

Gii) Mu\xi -point

V) Vaiform

o) Arivhwmonic | Loai cal

(V) Whole aritiwanc recowmbinan'on

(Vi) MatY i x
* Produces 2 new o‘é(:sprimﬁ from 2 porent
sﬁimas
© (opy selected ot from parewts

o Cvostover waotl: oekrermines wwih ()arcv\\—
onkributes bitr \n pos t
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) Sia@\ev Point | Crossover

© vondow Urogtcover  point Uhosen
tolls of parentt  twopped

Initial strings Crossover Mask Offspring

Single-point crossover:

11101001000 11101010101

\ 11111000000 /

00001010101 .~ SN 00001001000

aHTwo- foink  (rotsover

Two-point crossover:

11101001000 11001011000

\ 00111110000 /

00001010101 e U 00101000101

W) M- Poiny  Croscover

. M’c&rvxmﬁr\a Sn.ovwevx’cs (nopped
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() Uv\'&a{w\ CrocsoveN

©Arent eadn  one Leparatel
* €07 caawnce of ooing to either ofbLpring

Uniform crossover:
111010010 10001000100

T T N\ 10011010011 #7
00001010101 / N 01101011001

(V) Aritmodic | Logical  trossover

KNO , 0R, +

Parent A Parent B Offspring

o S mm
iy . -

11001011 + 11011111 = 11001001 (AND)

(V) Wwole ariawandic | vecsmilovahion

© weighted avay of 2 pavents
© NUWEYIC rbprz£tn\-aﬁms

child, = ol Pacenk, ¥ C\-al) Parent,
Unild, = % Pacent, * (=0 larent,
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* gene—wise
-\ £ =20.5

[oa]o1|02]020s]03[oa0aos[os]|  [01s[02]02] 02|03 |o2s[o3s| 03|02 [03s]
=>
[02]03]02]02]03]02]03]b2]03]0z2] loas| 02 |02 ]| 02|03 |025[035]| 03] 02 |0as]

Celect vowndom ot o genes fromy Pl
- Teowtfer Ao cawne pos of Cl
© Take vemaining gewes feom P2
* Teawsfer ro fame” poc (L

A\ !‘Lmo\'\n'\v& Qops i Cl wihh e
ones selecked W PL awd  Vvice vevea
pafa [s [2 [§ |8 [B [§ [6 [o |
ca[s [2 [a]a :3!:7':8 6 |9 |

P2(s [7 [3 [2 [1 [a [6 [8 |9

2|5 |3 v7 WZ 1 4 v67 8 Y9 |

+ seleck romdow  posiKow of- aenes Faom P
Do Lame 0 oyder crotSpvex

prfa [B [2 [0 [3 7 [H [§ [o]

c1|7 fs :3 \1 :z }4 }8 :6 9 |

P2 (s [7 [3 [2 [1 [a [6 [8 |9

2[a [s [2 1 [3]7 [s |6 |s
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WO MasYix  Croccoved

— | O | - | D
C|=|m—=]|O| =

1101

110
Lo
1{1
01

0
1

Offspring 1 Offspring 2

Problemn with cvettovex  awd TSP

- Perwmuwntanion a8 Your

3|2/al1])7|5[8]6] [3]|2[4|1@5]|8]6

3[2]4]1 586

Not valid tours!!!

+ So\wkion:  Grdeced  Orotcover
- Z\)o'm'\ Lrostover  \Wi¥w \AmQMOM\d
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1|12/3|4|5/6 6/31

4/2/6(3(1/5 3|45

1(2|3|4 5|6 6/3[1|2
4/2|6(3/15 3|4|5|2
1/2|3/4]5|6 4| |6|3[1|2
4|2(6/3|1|5 6| [3|4(5|2
1|2|3|4[5]6 4|5/6(3(1(2
4\2|6/3|1/5 6(1(3(4|5|2

© kldernate Colwhon:

- sSimpler

- generore N uniform  vondom ne ¢ blw o
owd | 4o Hrom  daromolome

-0 rotcover +e_dzm‘wtv\e

- vty ciHes W '\f\crcmtn& syder of
SCV\%

Random Keys: 0.64 0.92 0.14 0.35 0.76 0.86
Decoded As: 3 6 1 2 4 3
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Svall Covdom  AWeal n  davo moSewe

Used Yo waointain § introduce  divertidy tn
pop (veryy low frobability)

© Mutokim & ecenhal v convergence  \wile
woslovel ‘& wnoi

Approadnes

4y B+ Flie

Gy 1% complement

Oy Qandom ruc-\ﬁr\b/ untf . autahon
V) Bowuiam&

o) Swop
(v Serowable (Shnkfle)

Vi) Tnvergimn
i) Twneerhn
O Hewrishc

- \otinar
- vondom ot Uhosen | Higped

10010{010

ofof1[t]{o|t|ofo[1[o] = o]0
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iy \'s Lomplemenk
¢ = Coulol)
* ¢>* Cioo 0]

(i Aand omy | Resett;
+ it fip Hrr numerie
+ randow  Pecwistible Value actigned

) 'P:Ouno\ara
Seleck  vonmdom aene
. Mc\q:\ PP o,r lower bYound 4o i
¢« Sele vav\dam Y € Co,D)
- rzo0.¢, wpper \oou.v\d
elce, lowef

() Swap
seleck 2 potiiene and  Cwap (permutniim)

11213|14(5(6(7(8(9/0 = 116(3(4|5(2(7/8|9/0

VO Scrowb\e
Subset  chnbfled Cpcrmu’raH ™M)

0(1|2(3[4|5(6|7(8(9 => [0[1({3[6[4[2(5(7[8|9

Vi) Twversin
. Chlogetr  inverted
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GATD Imeerbion
« wode &rom gocent  rowdem iy to\ected
*inserted into vondem positigw

Px=[254968137]

C,=[265498137]

(1) Yeuwrishc
random  poinks  Chogen
¢ netooure  Permed wrth \exicoq)raphtc
?brmw!'a\'\'vv\s
¢ ool r\e€6b\\oou( thosen

Py=[123456789]
Neighbors are formed with these nodes.
N,=[1234587609]
Ny=[1284587609]

N,=[128456739] After evaluating all the
N,=[126458739] neighbors the best neighbor
N=[126458789] is selected.

) Teees awd Prrrogs

Crossover Mutation
Crossover ! Mutation
/ﬁ\ :
]
|
]
Before Before Befor Before

- o
I
|
|
I
|
I
!
|
|
!
|
!
|
N
+
I
!
!
|
I
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Tetwmnahion Condih o

No improvement n fitnece fn X iters
Af¥er o no. Of %euem‘\'iuv\s
0bjeckive fundim  veached pre -defined  value
Q:  Op¥imication  problem:
min | F00) = A sim ClOnx) +1.0

$-L - -4 &2

Let  wrotover vale Ve 0.
Muratim rate be 0-)

One aev\emﬁm with | pop = [0 chromoSomes

OAS an deal wilh  wnon- svwooth, disconhnuoug
functons

——/J/b/p 1
nikalitation and evoluabowm of populatiom

Compute Cost CEMD))  for every inital
vollme of %
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ok values of £(a) '« ascev\dfr% rrdevr

X y=f(X) X y=f(x)
-0.4691 | 1.3872 R
0.1572 0.8468 l‘0.5605 0.4697
0.5914 | 0.8422 0.7796 10.5339
0.6454 | 1.6387 0.59140.8422
0.7796 | 0.5339 0.1572 10,8458
0.0991 |1.0028
1.0580 | 2.0248 02777 11 1820
0.0991 | 1.0028 0.4691113872
0.2772 1.1820 0.6454 |1.6387
0.5605 | 0.4697 1.0580 |2.0248
1.6327 | 2.3962 1.6327 |2.3962

Gelechonn  (Roulette voweel)

© Novodise valel of f(x) between 01 and 049

£ [1)= (Mo range - min vanae ) E(x) - min f)) rmin rovge
moax - min £(3)

X y=f(x) |Normalized

WA rmubc 0.}
MOR rawpof. =049

min f(x) = 0-4647
max £01): 2.%96

0.5605

0.4697

0.1000

0.7796

0.5339

0.1269

-0.5914

0.8422

0.2584

0.1572

0.8468

0.2566

0.0991

1.0028

0.3213

0.2772

1.1820

0.3958

-0.4691

1.3872

0.4808

0.6454

1.6387

0.5855

1.0580

2.0248

0.7458

1.6327

2.3962

0.9000 g ipf
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¢ Normalice Yae noernolited &) to Ve al add
Yo 1
- divide ‘oy S nevmalited

© Flip probobiliter to get  actual proboakility
and mpute Wmulative  probo

N e N e )

0.5605 0.1000 0.02339 0.2159 0.2160
0.7796 0.1269 0.03045 0.1789 0.3949
05914  0.2584 0.06114 0.1405 0.5354
0.1572 0.2566 0.06157 0.1154 0.6508
0.0991 0.3213 0.0771 0.0950 0.7458
0.2772 0.3958 0.0950 0.0771 0.8229
-0.4691 0.4808 0.1154 0.06157 0.8844
0.6454  0.5855 0.1405 0.06114 0.9456
1.0580 0.7458 0.1789 .03045 0.9760
1.6327 0.9000 0.2159 0.02339 1.000

+ Seleck Wiing RQoulette wheel tedhnigue

Chromosome # X Cumulative
Probability
Random Number [Chromosome #| Chromosome Value
1 0.5605 0.2160 Selected
2 0.7796 0.3949 06777 5 0.0991
3 -0.5914 0.5354 0.1389 1 0.5605
0.2345 2 0.7796
4 0.1572 | 0.6508 0.9805 10 16327
5 0.0991 0.7458 0.6190 4 0.1572
0.7784 6 0.2772
6 0.2772 0.8229 00579 1 05605
7 -0.4691 0.8844 0.4111 3 -0.5914
0.8430 7 -0.4691
8 0.6454 0.9456 0.2513 5 0.7796
9 1.0580 0.9760
10 1.6327 1.000

(S (rossoverc)
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woss ovex
¢+ vote =D.C 2 no. of wrotiovers =S
. O\)@m’cw‘:
'}K ¢ randomn

number

Parent 1 Parent 2 Random number for |Crossover Operator
Directional : X

5% (0.0991) [ st (0.5605) 0.3451 C,: 0.0991+0.3451(0.5605-0.0991)=0.2583
C,: 0.5605+0.3451(0.0991-0.5605)=0.4013 (Better Value)
274(0.7796) | 4qth ( 1.6327) 0.1004 C,: 0.7796+0.4539(1.6327-0.7796)=1.1668 (Better Value)
C,,: 1.6327+0.4539(0.7796-1.6327)=1.2454
4"(0.1572) | qth (0.2772) 0.4539 C,: 0.1572+0.8674(0.2772-0.1572)=0.2613
C,: 0.2772+0.8674(0.1572-0.2772)=0.1731
15t (0.5605) 37 (-0.5914) 0.7801 C,: 0.4013+0.1004(-0.5914-0.4013)=0.3016
(0.4013) C,: -0.5914+0.1004(0.4013+0.5914)= -0.4917
D
7" (-0.4691)  [,nd (0.7796) 0.8674 C,:0.8071
(1.1668) C,:-0.1094
WSing new it values not in rowmeye, do not
powrenks nof reglace  povews
hece(Sara
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mnahion

.+ seletk ¥4 Cacomotome  coandomlyy and cegace with

rond o no

wm L’(l'»J

Population after

Population after

crossover Mutation
0.3016 0.3016
-0.1094 -0.1094
-0.4917 -0.6283
0.2613 0.2613
0.2583 0.2583
0.1731 0.1731
0.8071 0.8071
0.6454 0.6454
1.0580 1.0580
1.2454 1.2454

Ferminahon
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DECISION TREES wing GA

| Preprocessi

2. ule oaenerabomnm from DT
8. dpHmige rulet u.sig) GA
& Test oprimited Rul

---------------------------------

Data partition

Genetic
algorithm

Decision tree 3| Generated rules

| | Mobile user data
set

_________________________________________________

______________________________________________

| Test dataset [

___________________________________________________________________

_______________________________________________

EEATURE SELECTION wiing GA

Strirg repred tnting whether featwre ¢electzd o
not

* Qun ML mnmodels ownd  calculate accuraly
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EVRD - GEWET\C  SYSTEMS

IN £ G

A)

Y v

. Z\Jroﬁ:rul AVN  +

opolo

1€
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