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3aj1aua ONTUMI3AINN

Bxomubie manueie { (70, y0)}, 28 = (24,...,2%),i=1,...,n
(obyuarorast BEIGOPKA.).

Henenan by g(T) = S0, (4 — T(@)?,

T (z") — 3nauenne GyHKIMOHAILHOIO Jepesa T Ha T'.

T(x1, 72, 23) = fi(fs(w1,23), fi(z2, fa(71)))

3axapos A.O. I'Tl ¢ oNTMMU3NPOBAHHBIMYU OIIEPATOPAMU



Jlmreparypa

e Koza J. R. (1992) Genetic Programming: On the Programming of Computers by Natural
Selection. MIT Press, Cambridge, MA, USA.

Koza J.R., Poli R. Genetic Programming. In: Burke E.K., Kendall G. (eds) Search
Methodologies. Springer, Boston, MA (2005).

Poli, R., Page J. Solving High-Order Boolean Parity Problems with Smooth Uniform
Crossover, Sub-Machine Code GP and Demes. Genetic Programming and Evolvable
Machines 1, 37-56 (2000).

Langdon W.B. Size Fair and Homologous Tree Crossovers for Tree Genetic
Programming. Genetic Programming and Evolvable Machines 1, 95-119 (2000).

Moraglio A., Krawiec K., Johnson C.G. Geometric Semantic Genetic Programming.
PPSN 2012. Lecture Notes in Computer Science, vol 7491. Springer, Berlin, Heidelberg
(2012).

Santoso L.W., Singh B., Rajest S.S., Regin R., Kadhim K.H. A Genetic Programming

Approach to Binary Classification Problem. EAI Endorsed Transactions on Energy Web.
V. 8 (31) (2020).

Doerr B., Lissovoi A., Oliveto P. S. (1+ 1) genetic programming with functionally
complete instruction sets can evolve Boolean conjunctions and disjunctions with
arbitrarily small error. Artificial Intelligence, 319, 103906 (2023).

© ©6 066 ©00

3axapos A.O. I'Tl ¢ onTMMU3NPOBAHHBIMYU ON€EPATOPAMM 3



OBOJIIOINOHHBIN aJITOPUTM

1: ITocTpouTh HaYAIBHYIO HOIYJISIIINAIO.

2: Tlosroputh mmaru 3—-7 moka He OyJ/IeT BBLITOJHEH KPUTEPHil
OCTAHOBKH.

3: Boibpars aBe ocobu 17, 1o U3 TeKymieil HOmyJIsIun.

4: Ilpumenuts omeparop MyTamuu kK obeum ocobsam 17, Th ¢
HEKOTOPOH BEPOATHOCTBIO U mostyuutb ocobu 17, T5, coor-
BETCTBEHHO.

5: ITocrponTh moTomMKa 1", IpUMEHUEB OIepaToOp KPOCCUHTOBEPA
K ocobsam Ty, Ty.

6: Boibpars myummyio ocobs Ty, cpeaun ocobeit T, Ty u Th.

7: 3aMEeHUTDb XYIIIYI0 0COOb B MOMYJISIUU 0COOBI0 T}

8: BepHyTb J1ydIinyio ocobb 110 OTHOIIEHHUIO K 3HAYEHUIO T1eJIeBOM
QYHKINM HA TPOTSIKEHUN PAbOTHI aJTOPUTMA.
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Metojpl renepannm Hada IbHONW TOMYISAIINN

IlonHOe nepeBO 3a/aHHOW IIyOHHBI

O,
\ ()
OCEOICRE

€

Kaskaplil y3es ¢ HEKOTOPO#l BEPOSITHOCTHIO: BHYTPEHHUN WJIM TE€PMUHAJIBHBIH (1uCT)
Bajana BepXHsisl 'PaHUIla Ha IVIyOUHY HepeBa

Ramped half-and-half method

I'pynmnel gepeBbeB C 3aJaHHON BEJIMYMHON i: OT HUXKHEH 10 BpexHel rpaHunsl. Kaykiaas rpynmna:
50% mnosHBIX AepeBbeB C ruiybunoit i, 50% gepeBbeB — METOAOM grow C BepxHei rpanuneit i. B
KaXKJO0H IpyIIle paBHOE KOJI-BO SJIEMEHTOB (IOYTH).
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OrnepaTopbl MyTaIun Ha JIEPEBbIX

Point mutation (GP-PM)
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One-point crossover (GP-OPX)
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the same shape general form

Poli R., Langdon W.B. On the search properties of different
crossover operators in genetic programming (1998)
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Uniform prossover (GP-UX)
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uaeHTM4Haa hopma obwmid cnyyai

Poli R., Page J. Solving high-order Boolean parity problems

with smooth uniform crossover, sub-machine code GP and
deme 000
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Optimal recombination problem (ORP)

The definition is based on genes transmission.!

Optimal recombination problem

¢ Diven an instance I of combinatorial optimization problem
with the set of feasible solutions Sol and two parents
p' = (pi,...,p}),p? = (p%,...,p?) from Sol.
The goal is to find the offspring p’ € Sol such that

Q@ pj=pjorp=p; Vj=1,...,1,

@ for each p € Sol such that p; = pjl or pj = p? vV j

the inequlity holds
f(®) < f(B)

(in case of minimization problem).

“A.V. Eremeev, J.V. Kovalenko. Optimal recombination in genetic
algorithms for combinatorial optimization problems (2014)

'Radcliffe, N.J.: The algebra of genetic algorithms (1994)
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OnrumasbHas peKOM6HH‘dHHH Ha JepeBbAX

OnuTUMHU3UPOBAHHBIE OTIEPATOPHI PEKOMOMHAIINN

Optimized one-point (O-OPX): Bbibop Hawmtydiero cpeau 4
BO3MOXKHBIX 1I0TOMKOB (1), (2), (3), (4).

Optimized uniform (O-UX): BbiGop Hamty«mero cpemn 2°
BO3MOKHBIX IIOTOMKOB (BCe BO3MOXKHBIE KoMbunaimu (2), (3),

(4))-
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OKCIIEPUMEHT Ha OYJIEBBIX JI€PEBbSIX

Hepeso T'= (V, E)

JIuCThs cofeprKaT 3/1eMeHThl U3 MHOXKECTBA

X ={z1,29,...,2m}, x; €{0,1}, i =1,2,...,m.
Basossle dyukmun F; = {A,V, 2A, =V},

Fo = {A,V, =A, ~V, ~, XOR},

€

TecroBble IIpUMEPDBI

BxojHbIe JaHHbBIE - BCsl TaOIMIA UCTUHHOCTU
1. 6-multiplexor (6-mux).
2. even-n-parity (even-n).

6 - MUX
2 11011 - 0
z Output ‘—0|—|_/[~ -
& 11 - MUX

1111010001 — 1
0 01000
Address - 3 bits |_|_’—/I‘ -
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CpaBHeHHe ¢ JIPpYrUMHI aBTOpaMu

Kalkreuth, R.: A comprehensive study on subgraph crossover in
cartesian genetic programming. In: Proceedings of the 12th
International Joint Conference on Computational Intelligence

(LJCCI 2020). pp. 59-70 (2020).

Bazosbrie dyukiuu AND, OR, NAND, NOR, XOR and EQ.
CpejiHee KOJI-BO BBIYUCJIEHUN T1€J1€BON (DYHKIINN.

Sanaua LS + PM, O-OPX (1+4)-CGP (1+X)-CGP Canonical-CGP (n+X)-CGP
even-3 361 3177 2495 3107 1565
even-4 3547 15420 16523 54967 11135
even-5 7232 45542 34375 28413 43476
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CpaBHeHHe ¢ JIPpYrUMHI aBTOpaMu

Doerr, B., Lissovoi, A., Oliveto, P.S.: (1+ 1) genetic
programming with functionally complete instruction sets can
evolve boolean conjunctions and disjunctions with arbitrarily
small error. Artificial Intelligence 319, 103906 (2023).

Tecrosoie panubie AND, =11 AxoA...\Nxy 1
OR, =xz1VxaV...VZy

Bazoswie dpyuknuu AND, OR

Cpesnee KosI-BO BBIMHUCICHUH HeIeBOi (DYHKIN Ngp;.

3agaqa LS 4 PM, makc.riny6una LS + PM, ngpj Doerr at el., nyp;
ANDy 2 100 46.3 — 51.2
ANDy 3 60 38.8 — 42.5
ANDy 5 32 38.9 — 39.1
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CpaBHeHHe ¢ JIPpYrUMHI aBTOpaMu

Langdon, W.B.: Size fair and homologous tree crossovers for

tree genetic program- ming. Genetic programming and evolvable
machines 1, 95-119 (2000).

Baszosbre dyukiun AND, OR, IF-THEN-ELSE, NOT.

Cpemmee KOJI-BO BLIYHUCICHUN Te1€BON (hyHKIIH.

3anaua

Init

LS + SM

Langdon

6-mux
6-mux

RHH 2-6 | 16706
RHH 5-8 | 20539

24000 — 38000
30000 — 44000
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LS + PM, O-OPX.
Basossle dbyukmun {A,V, -A, =V}

Bagaga IToroknu Bpems 3amycka Kon-Bo nrepanuit Kon-Bo BBIUMCI. Le1eBoil (h-uun
even-4 1 14.77 mun 25 523 5 343 646

even-4 10 14.56 mun 21 398 4 499 204

even-4 50 10.88 mun 17 505 3 670 803

6-mux 1 4 MuH 4 499 516 404

6-mux 10 4.6 Mmun 5 803 638 534

6-mux 50 3.55 mun 5518 585 709

Basoeble dyukuun {A,V, A, 7V, ~, XOR}.

Banada IToroxku Bpems 3anycka Kou-Bo urepanmii Kou-Bo Berumci. nesesoii d-uun
even-3 1 43 mcex 19.26 1091.6

even-3 5 44 mcex 15.7 774.67

even-3 10 51 cex 17.33 935.4

even-4 1 0.23 cex 46.87 3 967

even-4 5 0.2 cex 62.43 5 047

even-4 10 0.22 cex 53.6 4 745

even-5 1 0.9 cex 93 9 079

even-5 5 0.68 cex 113 10 290

even-5 10 0.65 cex 97 9 160
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OTKpBITBIE BOIIPOCHI

@ Ilapasuienuzanys JOKaJIBHOIO ITOUCKA
@ Ilapasenuzamus BeaucAeHUN 1eeBON PyHKITUN

© OnrumusumpoBanubie oneparopsl B Cartesian Genetic
Programming

@ NP-tpyaHocTh ONTHMAJILHON PEKOMOMHAITUHN IJIsT OyJIEBBIX
dyHKITT
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Crnacu6o 3a BauManue!
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