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2. Mathematics models and optimization methods on cyclic permutations and their applications

Pedepar:
1. B po6oTi mocinkeHo Mozesi Ta MeToAu KOMOIHATOPHOI ONTUMI3alii, 110 BUKOPHUCTOBYIOTh BIaCTUBOCTI MHOXKUHU
LIMKJIIYHUX [1IEPECTAaHOBOK i iX 3aCTOCYBaHHSI 111 PO3B’s13aHHSI HAYKOBUX i IPUKJIAAHUX 33724, CEpe], SIKUX — 3ajayi
TPaHCIIOPTHOI MapiIpyTu3alii. JJocaifKeHo BIaCTUBOCTI IUKIiYHUX IEPECTAHOBOK IIPH iX BilOOpaKeHHI B €BKJIi/IiB
IIPOCTip. BUKOPUCTOBYIOTHCS MOJIiepaibHi BIaCTUBOCTI [IEPECTAHOBOK i IUKJIIYHUX [1IEPECTAHOBOK, 110
BiATIOBINAIOTh MiIMHOXMHI BEPLIMH II€PEeCTaHOBOYHOr0 6ararorpaHHuka. Habys nomasiporo po3BUTKy Kiac
TPaHCIIO3ULIi CYMIPKHOCTI [1JI51 IEPECTAHOBOK Pi3HUX €JIEMEHTIB, ITPEICTAaBHUKY SIKOTO IIOPOIKYIOTh

NepeCTaHOBKY, Bi,ILI'IOBiILHi CyMi)KHI/IM BEpUWINHAM ITEPECTAHOBOYHOI'O MHOTOI'PAHHUKA. OmnucaHo BIACTUBOCTI



CYMIXKHOCTI i 0COGJIMBOCTI 3MiHM LIMKJIIYHOI CTPYKTYPH NIEPECTAHOBOK IIPU BILIMBI TPAHCIIO3ULIIN CYMIXHOCTI.
[TpoBeneno kinacudikario UUKIIYHUX I€PECTAaHOBOK B 3aJI€5KHOCTI Bif] BIVIMBY TPAHCIIO3ULiM CyMDKHOCTI Ha iX
LMKJIIYHY CTPYKTYPY. JloBEeIeHO BiflIOBiIHI TBEP/AKEHHSI PO BJIACTUBOCTI TPaHCIIO3ULlill cymibkHOCTI. Habyu
[OAAJIBLIIOrO PO3BUTKY METOIM PO3B'SI3aHHS 337,24 ONTUMIi3alii JiHIHHUX (PYHKLiNA HAa MHOKVHI IUKJIIYHUAX
[IepeCTaHOBOK, 30KPeMa, 3 JIIHINHUMU OOMeKeHHSIMU. [17151 po3B'si3aHHS 3a7a4i 6€3 0OMeXeHb 3a[IPOTIOHOBAHO
niaxin, 20 3acHOBaHUI HAa KOMOIHAaLlii METOy IiJIOK Ta MeX i e BpUCTUKU. 3alIPOIIOHOBAHO METOJ, ITOMIYKY
Ha0JIMKEHOT O PO3B'sI3KY 3a7a4i 6€3 0OMEXEHb 3 BUKOPUCTAHHSIM BJIACTUBOCTEN TPAHCIO3ULIN CYMDKHOCTI. JI7st
PO3B’s13aHHS 3aJa4i onTuMisalii JiHIAHKUX QYHKLINA HA MHOXKMHI LIUKJIIYHUAX [I€PECTAHOBOK 3 JIIHITHUMU
0OME>KEeHHSIMHU 3aIIPOIIOHOBAHO METO[] Ha OCHOBI BUIIaIKOBOTO IIOMIYKY, 3 BUKOPHUCTAHHSIM TPAHCIIO3ULIiN
CYMIKHOCTI 7151 pO3B'sI3aHHSI ONOMDKHOI 3anadi. HabyB 11o7anblioro po3BUTKY METOJ, KOMOIHAaTOPHOI onTUMizallii
Ha OCHOBI LJMKJIIYHUX TPaHCQepiB B YaCTHHI reHepallii HIMKIIYHMX TpaHCQePIB Bif€eMHOI BapTOCTi. MeTon
3aCTOCOBAHO /1J1 NOKPAlIEeHHs PO3BS13KiB 3a7ja4 TPAHCIIOPTHOI MapIIpyTU3allii, 30KpeMa, 3a1a4i BUBO3Y i JOCTaBKU
(Pickup and Delivery Problem), oTpruMaHuX 3a LOIIOMOIOX €BPUCTUKMU. [ljisi pO3B’I3aHHS 3314, JOCiIKEHUX B
po6OTi, po3p0b6sIeHO TporpaMHe 3a6€e3MedYeHHs, 10 peasizye 3alIPOIIOHOBAHI MOIEJli Ta METOIA KOMOIHAaTOPHO]
ontumizatii. HapegeHo pe3yibTaTi 00YMCIIIOBAIbHAX €KCIIEPUMEHTIB, IPOBEEHO aHAJII3 Pe3yJbTaTiB, SKUI
niATBepAKye ePeKTUBHICTb 3alIPOIIOHOBAHUX MiAxX0niB. OTPUMAaHi pe3ysbTaT MOKYTh OyYTH BUKOPUCTaHI IpU
KOMITIOTEPHOMY MOZEJIIOBAaHHI i PO3B’s13aHHi 33124 B 00J1acTsIX apxiBallii faHux i Kpunrorpadii, KBaHTOBUX
o64ucieHs, 6ioiHpopmatuku. Kio4osi ci0Ba: KOMOIHaTOPHA ONTHMMI3allisl, HUKJIIYHI I€PECTAaHOBKY, TPAHCIIO3ULLi,
[IepeCTaHOBOYHUI 6araTorpaHHUK, TPAHCIIO3ULii CYMDKHOCTI, JIiHiMiHA QYHKILisI, METOZ, TiJIOK Ta MEX, €BPUCTHKA,

3a7ja4a BUBO3Y i JOCTaBKU.

2. The paper investigates models and methods of combinatorial optimization that use the properties of a set of
cyclic permutations and their application for solving scientific and applied problems, including the vehicle routing
problems. The properties of cyclic permutations under their mapping into Euclidean space are investigated. The
polyhedral properties of permutations and cyclic permutations corresponding to the subset of vertices of the
permutation polytope are 22 used. A class of adjacency transpositions is introduced for permutations of various
elements, whose representatives generate permutations corresponding to adjacent vertices of the permutation
polytope. The properties of adjacency and the peculiarities of changing the cyclic structure of permutations under
the influence of adjacency transpositions are described. The classification of cyclic permutations is carried out
depending on the influence of adjacency transpositions on their cyclic structure. The corresponding statements
about the properties of adjacency transpositions are proved. Methods for solving optimization problems for linear
functions on the set of cyclic permutations, in particular, with linear constraints, have been further developed. An
approach based on a combination of the branch-and-bound algorithm and heuristics is proposed to solve the
problem without constraints. A method is proposed for finding an approximate solution to the problem without
constraints using the properties of adjacency transpositions. To solve the problem of optimization of linear
functions on the set of cyclic permutations with linear constraints, a method is proposed based on random search,
using adjacency transpositions to solve an auxiliary problem. The method of combinatorial optimization based on
cyclic transfers has been further developed in terms of generating cyclic transfers of negative value. The method is
applied to improve the solutions obtained using heuristics of transport routing problems, in particular, the Pickup
and Delivery Problem. The software has been developed that implements the proposed models and methods of
combinatorial optimization, to solve the problems studied in the work. The results of numerical experiments are
represented, the analysis of the results is carried out, confirming the effectiveness of the proposed approaches.
The results obtained can be used in computer modeling and solving problems in the fields of data archiving and
cryptography, quantum computing, bioinformatics. Keywords: combinatorial optimization, cyclic permutations,
transpositions, permutation polytope, adjacency transpositions, linear function, branch-and-bound algorithm,
heuristics, pickup and delivery problem.
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