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Zwhgmguyhl punkp. NP nuup julnhphkp, phulpbn owwupdwjugiul
[alpppblp, jmédwl dmnufnp dkpnnlkp, opghly qnpéwluyh falphp, gpn-
gkunp, Spuwqgplph Juwnwpdwl Jupgqugnigul, quiqyusibph wkpupwppinid,
dinipkph b quwhuwindwl uygnppd

Lwjiwpwin

unhpubp niskjhu hwdwp wthpwdton b {hunud nhunnwpll; b hknw-
qnuiki] npnowljh puqunipjut pnjnp muppkpp (opjknikpn): Ldwt nhypbpnid
wihpudbonnipmit t wpwowinid hwdwljupgué dunyd nhwnwpll] pninp
htwpuynp nwppbpwljutpp: fonp htwpwynp muppbpuljubph ghnwpdut
hunhp hwdwpj wnweowunid k Yndphttwwnnp pwtwdbikph dhongny wpdtputp
hwoytjhu: Ophtwl}, hwdwp wthpudbpnnipnit £ wpwowiunid pun
X1, Xz, oo, X hnthnpuwwutkph npnpwh vwhdwbtwhwlnudubph puduwpupng
wpdbpubph pnnp htwpwynp wwppbkpwlutph hwoyl) htwnlbjw) gnudwpp

wndtpp.
Zf(xl,xz, ey Xp)t

UpJws gnudwph wipdbph hwoydwt hwdwp wiuhpudbown b hwdwlung-
Jwsd duny ghunwupyby xq, xy, ..., X, thnhnpowluubph htwpwynp wpdtputpp
hwyjwpwdniubph pnjnp muppbpufjubtpn:

Npubtu ghnwpydw opjkjnnkp Jupnn ki 1huk) nplk puqUnipjut twp-
pbEph pninp wknuthnjpunipnitbbpp, puqunipjub pnnp Gupwpwuqunipmib-
ubtpp, ppwub pyYtph ptwljut pytpny npnhnwdubpp b wy (2, 182]:

Zudwljunpgqus ghunwpuut jpipuputymnip wignphpd wupnitbwlynud L
uljqpuujutt opjjinh puwpnipini, hkppulwb opjkljnhg hwonpn opjkljnnp
wtgnid b wgnpppdh wjupnh yuydwi:

Puquuphy nughpubpond npuybu ghnwpydwb opjkjnubp hwinku ku
quihu nplk puqunipjuwt mwuppkph pojnp htwpuwynp mknuhnpjunipniuabbpn:

Puqunmpjub muppkph nkqupnjumpynibakp

A ={ay,ay, ..,a,} Yhippuynp pwqunipjmbt jmpuwpwbymp a;(i=1,2,...,n)
nwpp Uhwpdpnpbl npnoymid E hp i hugbkpuny: Zknbwpup' fbghpibp nisk-
1hu puqunipyut wwppkpp ghnwploe hnjowpkl jupbh B ghuwpyby wyg
wnwppbpht  hwdwywwwupwt  hugbpubbpp: Zwedh wnbbnd qu A4 =
{ay, a3, ..., ap} puqumpjub thnpowpbt jupbih £ ghunwpllp wn wwppbph
hunkputikph {1,2,...,n} puqumpimtp: Opptwy, {a;,a;, -, a;} ipupuqdni-
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pjut ghuwpljuwb hojuwpbu Yupbih £ ghnwpll) hugbputbph {iy, i, .. G}
Eupwpuqunipmnibin: Ldwbwwbu, A puqunipjub mmwppbph jnipwpwtynip
i, Ay, -, @, nbnuthnfumpinit dhwpdbpnpkt npnpynid & huinkputikph
iy,1p, ..., i, MbEnuthnpunipjudp:

Zewbwpup' A = {a;, ay, ..., a,} puqunipjul wuppbph whnuihnjuntpym -
ukph nhunwpldwt thnpwpkt jupkh £ ghnwplk htigkputikph {1,2,..,7n}
puqunipjut nuppkph hwdwywnwuwt mknuhnpnipniaibpn:

Thulpbnn oyunhdwjugdwt puquuphy nughptutipomd utugph nusnudp
thtnpynid £ hwmdwyuwnwuwt puqunipjut mupptph pnjnp nknuthnjunt-
pyniuitph ubg: Uppuhuh fainhplikp & NP quuh Uh pupp painhpbp:

n mupp yupnibwlnn puqunipjut pninp muppkph nknuhnjunipni-
ubph pwtwlp n! & n-h pujuljubwsuth ks wipdtph nhypnud juinhpubp ne-
Shihu wyn wbnuihnpunmpniuttph pwbwlp pwjujuibwsuh dbs phy
Zknbwpwp, n-h Uké wpdtph phuypmid pnnp nknuihnjunipnittiph hunwp-
Ynudp unythul] wdkbwwpuqugnps hwdwlwpgsh hwdwp yuwhwienid k nk-
nuihnunipniuubph phnwupdwb spugph wopwnwiph pujujubwswuth dks
dudwtiwly:

Umuhuh UkS dwdwbwlp Jupnn £ btk ypulnhlinpku wipinmbh
dudwbwly, wjuhlipt' dpugph woltwinwliph wpnyniptkpp jupnn ko unwg-
yt] wpyniupubph uwnwgdwt wiuhpwdbionn wywhhg puduiwmbwswth nip
(kppbut B own n1p): ‘Ldw nhyplpnid hpuwdwpynud B jutinph owynpdwy 1nt-
onud unwbuynt yuwhwighg b dpwlnid L (nusdwt Unwnwynp wignphpdubp,
npnig vhongny unnwnid b junph dninwynp nisnidubp:

Ll dnnupljdwi nhypnid wthpudbownnipinit £ unwowtinid utnwbiuyg
oywhuw] msnidhg unwgynn dnwnunp nisdwb obndwb quuwhwnuljuie
Uujuyu wynuhup quuwhwnwluih vnwugnidp s wpjpwnuwnup b nddup
gnpéptpwg L, b ny pninp juinhputph hwdwp b unugduws tdwt quuhwnuw-
Qi

Pnnp nknuhnjunipinitittinh nhnwpldwi hongny puinhpubph nwsdwb
dpwgnh wphutwnwtph dudwbwlp Uké swthh junhpubph hadwp puduljuinu-
swith UkS E, nwljuyh inisdwt wyn dkpnnhg thnpdnid B oqunyky, tph juunph 1nus-
dwt huyinth dUninunp dkpnnubpp yuhwieynn £onnipnit skt wmywhnynid:

NP nwuh thnpp suthh jughputph jnsdwtt hwdwp pnpnp nbnutnjunt-
pmiuttph ghunwpydwt dkpnnhg oqunykip tyuwwnwlwhwpdwp k, puh np
udwt nhwypnid hungph owwhdw] musnudp hwdwwywwnmwupjuwt  Spugpny
unnugynid £ ypuwlunhynpkt pigniikh dudwwuynud:

Puqunipjut pnpnp mupptph winuhnjumpiniukph

) nhunupljuwh wignphpd
Bupwnnpkup A puquUnipjub nuppbpb Bt n hwwn qniyq wn qniyq hpuphg

in
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wnwpplp ppwljub pybp: LEpuyugubiup A puqunipjumt mwppkph pnjnp nk-
nuthnjunipntbbph phnwpldwt wgnphped:

Upgnphpd T (Puqunipjud pnjnp wwppbiph  wbnuthnjunipmniittph
nhunwpluwb wignpped):

Untnp: n-puqunipjubt pnjnp mmuppbkph pwbtwl], puqunipjutt n hwwn
nwpp yupnibwlng A dhwswth qubgus:

B1p: Puqunipjut pninp muppbph n! hwn nknuhnnipmniatbp:

T1: A quuquéh nuppbpp nuuwynpt] tjuquut Jupgny:

T2: Upnnwsk] A qubgqudn:

T3: Zwpyty n! wpdtipp b Ykpugpty P hinthnjuwjuih:

T4: dkpuqpl) m<—2:

T5: dkpwqply i-ht {2, 3, ..., n} puqunipyut wjtt wdkuwthnpp wpdtpp, nph
hudwp junwupjus £ 4;_; > A;quydwin:

T6: dtipwgpky j-hu {1,2, ..., n} puqunipjut wyjtt wdktwihnpp wpdtpp, nph
hwdwp junwpguws b 4; > 4; quypdwbp:

T7: A; b Aj wuppbpp Updjwtg htn wnknkpny thnfulby:

T8: dhpwqply k<[(i — 1)/2]

T9: Ppup htwnn wbintpny thnpub) hbnbjw) jpipupwbynip qniygh winud-
hhp]}‘ (A1, Ai1), (Az), a4-p):

T10: Upunwsdh] A quuguén:

T11: dbpuqply mem + 1:

T12: Gpt m < P, muyw wuguky T5 puijjhte:

T13: Uignphpuh wojuwnwtiptt wmjwupunky:

[x] bowbuljdwh tnwl) T8 puynid hwuljuiinud Elp x pih wdpnne dwup:

Puqunipjutl mwppbph thnpowpkt mwppbph hinkputibph nhnwpldwb
nhuypnud unkih E Eupwnnt), np A-b puqunipjub inuppkph 1, 2,..., n higkpu-
ubiphg juquwé puqunipiniui

PuqUnipjut pojnp nupptph winuihnjunipiniabitph
nhunupldwl phpynn uughpubp

Puquuphy ptwquyunubpnmd wpwewgnn swwnn ypwlwnply juunhpukph
nusnudp phpynud k npnpwilh puqunipjutt pnjnp tnwppbph httwpunp ponp
nbknuthnunipmittutph phnwupydwb pungph: Upy jpunghpubph nisdwt hwdwp
Yuptih £ oquufty T wignphpihg: thunwplkup wynuhuh uh pwth jutghp:

Quiuqusubph wnbnupwopdwt ppunhp. wnpqués &b m; (i =1,2,..,n)
quuqusutp b k; (0 = 1, 2, ...,n) Jhnbkp: Mwhwbeynmd k wyy n hwn qutqus-
ubpp mbnupwolub] n hwn Yknbkpnmd wjbybu, np unwgynn qubgqush
Ytuwnpnup 1hth wdkbwdnwn nipdws ky fhnhi:

‘Ldwl pmughp wpwewtnid | dkjuwtthluygh b wy) ptwquyjunubpnid:

Uty wpngbunph dpw dpwgpkph puppudw jaughp. uipws &t n hwn



dpwgpkp b jnipupbynip Spugph juunwpdwt dudwbwlp (pninp spwgpkpp
wihpudbown t juwnwpl) dkYy ywpnghunph Ypw): Uuhpwdbon E unwbwg dky
wpngkunph Ypw spugptiph junwplwb puppidwt wytwhuh jupgqugniguy,
nnh giypnud pnnp Spugpbkph junwpdwt wjwpnh dudwbwlubph gnidwpt
nibkbw thnppugnyt wpdtp (Bupwnpynid t, np ypnghunph Jpw Spwqpbkph
Juwnwpnidt ujuynid E dudwbwljh 0 yuhhg ujuws):

Llwt junhp wpwewinid t bwb Ukl hwuwnngh Jpw phwnwukp dowljk-
1hu b wy] prwqujuntbpnid:

Cpghly gnpdwuh g, pjws kb puuptbph ¢ = {C, G, ..., Gy} pwiq-
Unipinil b jmpupwisymin C; b G (1 < i # j < n) punupubkph d(C;, G;) hkpun-
poipymitp: Mwhwbgymd E quuky punupubph wjtwhuh ¢, G, ..., G, nbnu-

thnjunipinil, nph hudwp thnppugniy wpdbp niiktw hknlyuy gnudwpp.
n-1
Z d(Ci]._l, Ci]') + (Cin' Cil):
j=1

Uy Ybpy wuws wwhwigymu b qnbik) punupbtph whgdwh wyjiuhuh
hwonphuljminipinily, npp uljuyh Ejuybknuwghtt punuphg, wuguh pnnp pw-
nupbpny, pbn npnd mpupwbymp punupny &hon ULy whqud b
wyupunyh bpulbnwhtt punqupnmid wjtiyku, np Swbwwywphh tpupnipiniup
1hth thnppwugnyju 1, 32-33]:

Bqpujugmpjniu

Thulpbnn oyunhdwjugdwt pjuunhpubp nskihu hwdwh wthpwdton k
(hunwd hunph ouyynhdwy nidnidp npnuby] npuk puqunipjub pninp nwppbkph
nbnuithnumpmutbph dbe: Upmuhuph wihpudbynmpnit wnwewtnid k
dmutwynpuwybtu dh gwpp NP hutnphpubp nskihu: Uyn hul yuwndwnny
Juplnp b puqUnipjut pnjnp muppbph mbnuthnjunipniuttph ghunwpdut
wignphpulikpp:

Uohiunwutipmd dpwljdws £ puqunipjutt pninp tnwuppbph nknuithnpunt-
pintuutph phnnwpydwh wignppped:

Uowljws wignphpup jupkih Ejhpunt] quiqusttph wknupwppdw,
Uty wypngkunph Ypw dpugpbph junwpdwb puppudwl, opghly gnpswfuih b
tdwbwnhy puquuphy pughputph nusdwt hwdwn:

DOT: https://doi.org/10.58726/27382923-2024.2-8
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PaCCMOTPeHKe II€peCTaHOBOK 3JIEMEHTOB
MHOXXeCTBA U UX IIpUMeHEeHU
Cyper Oxcysan
Pesiome

Knrovepsre crmoBa: sazaum kmacca NP, 3agaum AHCKpETHOH ONTHMH3AIIHH,
TIPHOJIHXEHHBIE METOABI PEeIeHHA, 334a9a KOMMHBOAKEPA, IPOLECCOP, PACIIHCAHHE
BBIITOJTHEHHSA IIPOIPAMM, PACIPELETEHHE MACCHBOB, AITOPHTM BETBEH H IDAHHI]

I peureHHs MHOXeCTBAa 3a/lad IMCKPETHOM ONTHMHU3ALUU He W3BECTHBI
anTOpuUTMBI, Gojee 5ddeKTUBHBIE, YeM aJTOPUTMBI IONHOTO Iepebopa. K Taxum
3a/ja4aM OTHOCATCA 3azavn Kiaacca NP.

[ pelleHMs TaKMX 3afad 4acTo TpeOyeTCs MCKAaTh ONTHMAJbHOE pelleHHe
Cpelu BceX IIE€PeCTAHOBOK 3JIEMEHTOB MHOXECTBA, BCEX IIOJMHOXECTB MHOXECTBA,
BCeX BO3MOXHBIX pa3bueHNi HaTyPaJbHOTO YUCTIA U T.J.

B Takmx ciayvasx [y pelleHUs HEOOXOZMMO MCIIOAB30BATH aJTOPHTMEL,
paccMaTpHBaloliie BCe IIEPECTAHOBKM JIEMEHTOB MHOXKECTBA, BCe MOLMHOXKECTBA
MHOXXECTBA, BCE BO3MOXHBIE pa30MeHHs HATypalbHOTO UHCIA K aHAJIOTUIHbIE
QJITOPUTMBL

Temoit paGoThI SBISETCS CHCTEMAaTHIeCKOe PacCMOTPEHIe BCeX IIePeCTAHOBOK
9JIEMEHTOB MHOXKECTBA.

Kaxzp1it alIropuT™M CHCTEMaTHYECKOTO PACCMOTPEHHs IIePeCTaHOBOK JOJDKEH
CoZlep>KaTh BIOODP HaYaIbHON IIepeCcTaHOBKH, IIepexo/, OT TeKyllel IepecTaHOBKH K
ClleyIolleli ¥ yCIOBHUe 3aBeplIeHHUs aITOPUTMa.

B paGore pa3paboTaH ajirOpUTM [JIL PACCMOTPEHHUSA BCEX IIEPECTAHOBOK
3JIEMEHTOB MHOXKECTBA.

B pabore paccMaTpuBalOTCS 33/ia4X pacIpee/leHNs MaCCUBOB, PacIpe e/ IeHUs
BBIIIOJIHEHUs IIPOTPaMM Ha OZHOM IIPOIECCOpe U 33/iladya KOMMEBOSIKEPA, KOTOpbIe
PeIaoTCs ¢ MOMOIIBIO PACCMOTPEHNUS BCEX IIEPECTAHOBOK 3JIEMEHTOB MHOXKECTBA.

PaspaGoranHblii B paboTe aJrOPUTM MOXHO IPUMEHUTH [JIi pelleHUs
YKa3aHHBIX U aHAJIOTUYHBIX 33/1a4.



Observations and Applications of Element Transfers in Sets
Suren Fksuzyan

Summary

Key words: NP-class problems, discrete optimization problems, approximate
solution methods, traveling agent problem, processor, program execution
scheduling, mass distribution, branch and bound algorithm

No more efficient algorithms than complete search algorithms are known for
solving many discrete optimization problems. Such problems include NP-class
problems.

In order to solve these problems, it is often necessary to search for the optimal
solution among all transfers of the elements of a set, among all subsets of a set and
all possible partitions of natural numbers, and so on.

In such cases, to solve the problem, it is essential to utilize algorithms that
observe all transfers of elements of the set, all subsets of the set, all possible
partitions of a natural number, and similar algorithms.

The main topic of this work is the systematic observation of transfers of all
elements of a set.

Each algorithm for systematic observation of transfers must include the
selection of an initial transfer, the transition from one transfer to the next one, and
the condition for the algorithm’s completion.

The following work develops an algorithm for the observation of transfers of
all elements of a set.

The paper considers the problems of mass distribution, distribution of program
execution on one processor, and the traveling salesman problem, which are solved
by considering all transfers of elements of the set.

The algorithm developed in the paper can be used to solve the above-
mentioned and equivalent problems.
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