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Bolum 1

Temel kavramlar



Optimizasyonun tanimi

kisith secenekler
arasindan en iyisini secmek

W
0’0"""[’
i,

g l
QRO
| St oolep iy 1
SR
|| ~— R ocoseseto oo oy, iy pg711111 1
| SN eedostor oy ey bty it
| o R
| R 4
W WA X % i
fann
R RS Ssse0er”

TR

I
optimizasyonun unsurlan:
» modelleme (problemleri kurmak)
» teori (yontemlerin analizi)

» algoritmalar (problemleri ¢6zmek)




Optimizasyon problemi (bir standart form)

minimize f(z)
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» 1 € R" (optimizasyon degiskenleri vektorii)
» f:R"™ — R (amag fonksiyonu)

» g:R" — R™ (esitsizlik kisitlari fonksiyonu)
» h:R" — RP (esitlik kisitlari fonksiyonu)



Optimizasyon problemlerinin unsurlan

» Amag fonksiyonu f(z) optimizasyonun amacini bir
niceligi minimize/maksimize etmek olarak ifade eder.

» Optimizasyon degiskenleri vektorii z € R"
optimizasyon ile sayisal degerini bulmak istedigimiz
degiskenlerden olusan vektordiir.

» Olanakh kiime 2, x vektériiniin elemani olmak tzere
kisitlandigi kiimeyi belirtir. Bu kiime 2'in saglamasi
gereken kisitlari belirler ve genellikle g(x) < 0 (esitsizlik
kisitlart) ve h(z) = 0 (esitlik kisitlarr) ile ifade edilir.

Q={zeR"|f(z) <0, h(x) =0}



Ornek

esitsizlik kisith, bir boyutlu optimizasyon problemi
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minimize X
Ty zeR
bagh 1—2<0
0



Ornek

esitlik ve esitsizlik kisitli, iki boyutlu optimizasyon problemi

minimize 27 + x5
z€R?

bagh 1+ 27 < 23
1§£I$1
To+ 221 =06




Bolim 2

Onemli problem siniflar



Dogrusal program (LP)

minimize
reR™

v

bagl

Ax <b
Ex=ce¢



https://en.wikipedia.org/wiki/Linear_programming

Karesel program (QP)

minimize 27 Qz + ¢’z
zeR”?

bagh Ax <b
EFx=e
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https://en.wikipedia.org/wiki/Quadratic_programming

Disbiikey program (convex program)

minimize
rER™

bagli

/(@)

x €

(f disbiikey fonksiyon, €2 disbiikey kiime)
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https://en.wikipedia.org/wiki/Convex_optimization

Dogrusal-olmayan program (NLP)

minimize f(z)

bagh g¢g(z) <0
h(z) =0

(f, g ve h tirevlenebilir)



https://en.wikipedia.org/wiki/Nonlinear_programming

Karma-tamsayili program (MIP)

s S

bagh g(z,z2) <



https://en.wikipedia.org/wiki/Integer_programming

Bolim 3

Yontemlerin siniflandirilmasi



Optimizasyon prosediirii

gercek dinya

optimizasyon

matematik /hesaplama

>

optimizasyon
problemi

optimizasyon
algoritmasi

optimizasyon
probleminin

tasarim/
karar alma medelleme
problemi
problemin
yeniden
disinilmesi i
¢6ziimun
tasarim/ yorumlanmasi/
karar alma gerceklenmesi
probleminin
¢ozimu

¢ozumu




Optimizasyon problemi cesitleri

Optimization 5
Convex ot Nonconvex.
Optimization DUndes Optimization
Uncertainty
Robust Stochastic Continuous Discrete
Optimization  Programming | Optimization Optimization

Unconstrained
Optimization

Combinatorial
Optimization
Tnteger
Programming

Linearly-
Constrained
Optimization

Nonlinear
Constrained
Constrained
Optimization

Optimization

Quadsatically |

Constrained
Quadratic

Programming

Bound-
Constrained

Unconstrained

Complementar
Problems

Network Smooth Nonsmooth
Optimizati Optimizati Optimizat

Network
Optimization

Semi-
Definite
Programming

Quadratic
Programmin;

Second-Order |
Cone

Programming

Kaynak: https://neos-guide.org/guide/types/


https://neos-guide.org/guide/types/

Optimizasyon algoritmasi cesitleri

kesin (exact) algoritmalar
(sinirli stirede ¢éziimii bulma
garantisi vardir)
» birinci-derece yontemler
— gradyan inis
— momentum
» ikinci-derece yontemler
— Newton yontemi
— vyari-Newton yontemleri
» kisith optimizasyon

— aktif kiime ydntemi

— ardisik karesel
optimizasyon

— ic nokta yontemleri

bulussal (heuristic)
algoritmalar

(sinirh siirede ¢ozimi bulma
garantisi yoktur)

» genetik algoritmalar
» benzetilmis tavlama
» parcacik siirii opt.
> ...
fuzuli algoritmalar
» grey wolf optimizer
» harmony search algorithm
» firefly algorithm

> ...
kaynak:

https://doi.org/10.1111 /itor.13176


https://en.wikipedia.org/wiki/Gradient_descent
https://en.wikipedia.org/wiki/Newton%27s_method_in_optimization
https://en.wikipedia.org/wiki/Quasi-Newton_method
https://en.wikipedia.org/wiki/Active-set_method
https://en.wikipedia.org/wiki/Sequential_quadratic_programming
https://en.wikipedia.org/wiki/Sequential_quadratic_programming
https://en.wikipedia.org/wiki/Interior-point_method
https://en.wikipedia.org/wiki/Genetic_algorithm
https://en.wikipedia.org/wiki/Simulated_annealing
https://en.wikipedia.org/wiki/Particle_swarm_optimization
https://doi.org/10.1111/itor.13176

Siirekli/ayrik optimizasyon

siirekli program ayrik program
inimi minimize T,z
minimize f(x) minimize f(z, 2)
bagh g¢(z) <0 bagh g¢(x,2) <0
h(z) =0 h(z,z) =0
x reel vektor x reel, z tamsayili vektor
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https://en.wikipedia.org/wiki/Continuous_optimization
https://en.wikipedia.org/wiki/Discrete_optimization

imizasyon

Kisitsiz/kisith opt

kisith program

flx
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g()

bagli

minimize
TeR™

f@

minimize
reR”

kisitsiz program
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https://en.wikipedia.org/wiki/Constrained_optimization

Belirsizlik icermeyen /iceren optimizasyon

deterministik | min.  f(z,p)
(belirsizlik | "< . Y=n
icermeyen) bagh =z € Qp: P = Do
program >
dayanikli min. maks. f(x,p)
(robust) veRn o pel &
program baéll T € Qp

min. E{f(z,p)}

stokastik rER™
program bagh x € Qpa p~P

P2



https://en.wikipedia.org/wiki/Robust_optimization
https://en.wikipedia.org/wiki/Robust_optimization
https://en.wikipedia.org/wiki/Robust_optimization
https://en.wikipedia.org/wiki/Stochastic_programming
https://en.wikipedia.org/wiki/Stochastic_programming

disbiikey program

minimize f(z)

bagh x €

f disblikey fonksiyon ve
Q disbikey kiime
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Disbiikey/disbiikey-olmayan optimizasyon

disbiikey-olmayan program

minimize f(x)

bagh x €

f disbiikey olmayan fonks. veya

Q) disbiikey olmayan kiime
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Bolim 4

Algoritmalar



Gradyan inis (gradient descent)

kisitsiz optimizasyon problemi (V f(z) mevcut)

minimize f(x)

verilenler: baslangic noktasi zy € R"”
tolerans € > 0
tekrarla: £ =0,1,2,... icin:
)] 1) Azp = =V f(xy)
, 2) adim boyu ~'yi se¢
4 3) Tpi1 = Tp + YAz
dur: ||V f(xp)|| < e€ise




Gradyan inis - Geometrik yorum
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Gradyan inis - Geometrik yorum
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Gradyan inis - Geometrik yorum

x3




Gradyan inis - Geometrik yorum




Gradyan inis - Geometrik yorum

L4

L5




Newton yontemi

kisitsiz optimizasyon problemi (V f(z) ve V2f(x) mevcut)

minimize f(x)

verilenler: baslangic noktasi zy € R"”
tolerans ¢ > 0
tekrarla: £ =0,1,2,... icin:
1) Axk = —V2f( k) IV f ()
2) N = V()" V2 f () 7V f ()
3) adim boyu ~'yi se¢
4) 1 =z + YAy,
dur: \?/2 < eise




Newton yontemi - Geometrik yorum

— f(z)
f

(x, x0)




Newton yontemi - Geometrik yorum

—/
f

()

(x,x1)

L2




Newton yontemi - Geometrik yorum

— f(z)
f

(x, x2)




Newton yontemi - Geometrik yorum

— f(z)
f

(x,x3)




Newton yontemi - Geometrik yorum

— f(z)
f

(x,x4)




Bolim 5

Uygulamalar



Uretim planlama (LP)

maksimize
uretim

bagli

kazanc

uretim < hammadde

siparis < uretim



https://en.wikipedia.org/wiki/Production_planning

Optimal giic akisi1 (QP)

talep 1 jenerator 2

A

jenerator 1

talep 2
bara 2

bara 1

jenerator 3

minimize maliyet
uretim

bagli lretim = talep

iletim < limitler




Birim taahhiit problemi (MIQP)

minimize maliyet
operasyon

bagli operasyon siiresince:

operasyon < giic limitleri

talep < operasyon



https://en.wikipedia.org/wiki/Unit_commitment_problem_in_electrical_power_production

Devre tasanmi (GP)

minimize zaman gecikmesi
elemanlar

bagh elemanlar < giic limiti

elemanlar < alan limiti



https://en.wikipedia.org/wiki/Geometric_programming

Lojistik planlama (LP)

minimize maliyet
nakliye

bagl nakliye < iiretim kapasitesi

talep < nakliye




Sera iklim kontrolii (QP, NLP)

Ambi

Ambient Temperature

ient CO, Concentration "y

Solar Radiation "

> Greenhouse
Temperature

Ambient Humidity ¢
Greenhouse CO,
HVAC Concentration
Dehumidifier = [ Greenhouse
Humidity

CO, Enrichment

minimize
girisler

bagli

maliyet

operasyon suresince:
yoriinge <+ sera dinamigi
girisler < giris limitleri

yorunge € iklim limitleri




Kimyasal proses kontrol (NLP)

maksimize kazang
girisler

bagli operasyon siiresince:

yorlinge <> proses dinamigi

girisler < giris limitleri




Roket indirme (SOCP)

baslangic-4
durumu
avenli
? zarf o optimal
yoriinge
X

z
hedef
el A6, bagnokta

ey

minimize yakit tiketimi
girisler

bagh seyir siiresince:
yoriinge <+ roket dinamigi
girisler < giris limitleri

yoriinge € guvenli zarf

son konum = hedef




Otonom siiriis (QP, NLP)

maksimize katedilen mesafe
girisler

bagh seyir siiresince:
yorlinge <+ ara¢ dinamigi

girisler < giris limitleri

yorunge € pist
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