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3anponoHoBaHO cmOCi0 (YHKIIOHAIBHOTO Y3roIKeHHSI MeTOHiB oOpraHizamii aganTHBHHX
npoueciB 30UpaHHs JaAHUX Ta METOAIB MPOCTOPOBOI caMOoopraHizailii MOOUILHUX areHTIiB NapajejbHUM
BUKOHAHHSIM BiIOBiIHOTr0 mpouecy 30UpaHHS JaHUX Ta MpouLecy yNpaBJiHHSA NepeMillleHHAM MOOiIb-
HOT'0 areHTa 3 BHKOPHCTAHHAM 3aNPOMOHOBAHOTO MPOTOKOJIY iX B3a€EMOJIl Ta aJrOPUTMY IUIAHYBAHHA
napaJjieJJbHOr0 BUKOHAHHS, 10 103BOJISIE MPUCKOPUTH 00YMCJIEeHHA B 0JI0Li NPUITHATTA pilleHHS MO-
0isIbHOIO areHTa B cepeiHbomy Ha 40,6 %.

KuiouoBi cinoBa: ¢pyHKUiOHANbHE Y3TOdKeHHs, aaNTUBHUI mpouec 300py JAaHMX, NPOCTOPOBa
caMoopraHizauisi, MoOiTbHI areHTH

Beryn

CporofiHi iCHy€ BeTHKE PI3HOMAHITTS MOOUTHPHHX POOOTOTEXHIYHHUX IUIATHOPM, SKi BHUKOpPHC-
TOBYIOTh MiJCHCTEMH TEpeMillleHHS MOOUTBHUX areHTiB, 30KpeMa MOOUTPHHX BHUMIpIOBAILHUX arcHTIB
(MBA), moBeIiHKy SIKMX PEai3yIOTh BIAMOBIIHI alaTUBHI NMpOLECH 30MpaHHs AaHUX (BUMIPIOBAIBHO-
obuncmoBanbHi nponecH, BO-mpouecu) [1-9]. Ha iX ocHOBI OyAyroTbcs CHCTEMH PO3IMOJICHOT
POOOTOTEXHIKK 200 KOJEKTHBU MOOUTBHHX POOOTOTEXHIYHUX areHTiB (baratoareHTHi cucremu [10-12]),
Ha sKi TIOKIANAloThcs (QYHKIII 30MpaHHS NAaHWX PO JESKUH PO3MOAUICHHH 00’€KT yNpaBiiHHS abo
po3noziieHi (izuuHi mporecu y ckiaani Kidepgizuunoi cucremu [9]. MBA y ckimani 1ux KOJEKTHBIB
BUPILIYIOTH MIOCTABJICH] Iepe]] HUMU 3aBJIaHHS IPOCTOPOBOT caMoopraHizaiii (BIopsAKOBaHE PO3MIIIEHHS
Ta y3rOJKCHE IMEepeMillleHHs] MOOUTFHIX areHTIB KOJIEKTHBY 32 YMOB ACLEHTPaNi30BAHOTO YITPaBIIiHHS)
BUKOHAHHSM BIIMOBIIHUX aJITOPUTMIB KOJIEKTHBHOI moBeaiHKY [13—16].

Cran nmpodaemMu

AJNTOPUTMH TIPOCTOPOBOi caMoOpraHisamii MpaIolTh Ha OCHOBI BXiJHMX HaHWUX, SKi BOHHU
OTPUMYIOTH Bil BIANOBIAHUX MiAcMCTeM MOOIIBHOI poOoToTexHiuHOi mmatdopmu [13-16]. Hanpukman,
BXIIHUMH JaHUMH MOXXYThb OYyTH: MiCIIe3HaXO/)KEHHsI areHTa, PO3TAIllyBaHHS 1HIIUX arcHTiB KOJEKTUBY,
TIEBHI BiJOMOCTI PO CEPEIOBHILE i T. JI.; BUXITHUMHU JaHUMH MOXYTh OyTH: KOOPAHHATH TOYKH IIPOCTODPY,
IO SKOi TIOBHHEH MPSAMYBaTH areHT, HANPSIMOK pyXy, MIBUAKICTH pyXy i Tomio. [Ipm 1mpomMy BXimHi Ta
BHXITHI JaHi aJTOPUTMIB MPOCTOPOBOI caMOOpraHizamii Ta MPUHITUIHN X poOOTH 3HAYHO 3aJIeKATh Bill
TUIY MOOUTBHOI pobGoToTexHiuHOi mmnatgopmu. Ll 3amexHICTh pi3KO YCKIAmHIOE IOCTIDKEHHS 1
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PpO3pO0IICHHSI METOMIB opraHizamii amanTuBHUX BO-mporiecis, ki peanizyroTh moBeaiHKy MBA, ockinbku
JUII KOKHOTO KOHKPETHOTO THITy MOOUTHHOI pPOOOTOTEXHIYHOI IUTaTGOpMH 1 BIATIOBIAHOTO THILY
cepenoBHIa (Ha3eMHe, MOBITPsIHE, BOJHE TOIIO0) MOTPiOHO PO3poOIATH i peali3oByBaTH CBOIO crieniu(iuHy
«Bepcito» MeToHiB opraHizamii agantuBHux BO-mpormeciB. Bigrak mocrae mpoOiieMa TOIIyKy Ta
pO3po0JIeHHS TakUX CHoco0iB (DYyHKI[IOHAIBHOTO Y3TO/DKCHHS METOMIB Opradizaiii agantuBHuX BO-
NpOIIECiB Ta METOJIB MPOocTOpoBoi camoopranizamii MBA, siki 6 103Boyisuin yHi(iKyBaTd B3a€MOJIIIO
amanTuBHUX BO-mporneciB Ta mpoleciB ynpabiiHHS mepeMimeHHsM MBA 1 3Bomumu QyHKIiOHANBHY
3JICKHICTH MIXK HUIMH JI0 MiHIMyMY.

IocTranoBka 3agaui
PosrisayTr pobiemMy po3po0ieHHS crioco0y (QYHKITIOHATEHOTO Y3TO/KEHHS METOJIIB OpraHi3allii
aJanTHBHUX BHUMIPIOBAIEHO-O0YHCITIOBAIBHUX TIPOIIECIB Ta METOJIB TIPOCTOPOBOI camMoOpraHizarlii
MOOLTPHAX BHUMIPIOBAIBHHAX AareHTIB, pPO3POOUTH BIAMOBIAHWN croci0 (yHKI[IOHATBHOTO Y3TOKEHHS,
30KpeMa MPOTOKOJ B3aEMOJIIT IUX MET/0IB Ta AITOPUTM IIAHYBaHHS 1X MapaielbHOr0 BUKOHAHHS.

Po3p’s13anHd 3apa4i
Jns po3B’si3aHHS MOCTaBJICHOI 3a7a4i PO3pOOJIEHO CIOCiO (PYHKIIOHAILHOTO Y3TO/KEHHS METO/IiB
opranizanii BO-mporeciB Ta METOIiB MPOCTOPOBOI camMoopranizamii MOOITBHUX BHMIpIOBaJbHUX areHTIiB
napajielbHUM BHKOHAHHSM BiamoBizHoro BO-mpouecy p(a) Ta npouecy ynpasniHHs nepeMimeHHsM MBA
p(s), siKuMit peanizye Metonu nmpocTopoBoi camoopranizaiii [13—16]. [apanensHe BukoHaHHS p(a) Ta p(s)
OpraHi30BaHO 3 BUKOPUCTAHHAM MPOTOKOIY iX B3aeMomii I1(a,s) Ta anroputMmy IiaHyBaHHS ITapaelIbHOTO
BUKOHaHHS A(a,s). 3aponOHOBaHUH CIIOCIO y3roKEHHS Tiependayae BUKOHAHHS TeKOMITO3HIIii (puc. 1):

{p(a,s) = [p(a),p(s)]; (1)
(a,8) = C(a), C(s); (2)
W(a,s) = W(a), W(s)}, 3)

ne C(a) — mporerypa KOOpAWHAIII Ha PiBHI CIUTBHAX JOCTiTHUIBKHUX iit; C(s) — mporieaypa KoopauHaIii
Ha PiBHI 3a7a4 MPOCTOPOBOi camoopraHizarii; W(a) — mporemaypa onTuMizariii mapaMeTpiB aganTHBHOTO
BO-npouecy; W(s) — mponenypa ontumizauii napaMeTpis Ipolecy ynpasiiHHs nepemimeHHsM MBA;
Bzaemonis amantuBHOro BO-mpomecy p(a) Ta MiINOpsAAKOBAHOTO HOMY IpOLECY YHpaBIIiHHS
nepeMimeHHaM p(s) y Mexax onHoro MBA 3niiicHIoeTbes 3a mpoTokosoMm (puc. 1):
I(a,8)={D; Y(d), Y(s)}, 4

ne D={d(x)} — xomanu Big p(a) K0 p(s) i3 mapaMeTpaMu X, 3a JOMOMOTOIO AKHX agantuBHUN BO-mporec
pearizye JOTiKy CHUNBHUX AocCHigHMUbkuX Aiii MBA; Y(d) — moBimomieHHsS Hpo cTaTyc BHUKOHAHHS
KoMaH/ 3 00Ky p(s); Y(S) — MOBIIOMIICHHS ITPO CTaH MPOLECY yIPaBIiHHS MEPEeMIILIEHHM P(s).

VY enementu nporokony Il(a,s) (xkomanmgu D Tta moimommenHs Y(d), Y(s)) BimoOpaxaeTscs
MHOXHHA (PYHKITIOHATEHUX 3B’s13KiB MK p(a) 1 p(s). Posmomin xomyHikarifiaux pecypcis r(C) 3amaeTncst
¢bynkuiero f(a,s). Posnozain o6uncmoBansHuX pecypcis 1(p) Mixk p(a) Ta p(s) 3amaerbes yHkuiero f,(a,s)
Ta peali3y€eThCs aITOPUTMOM IUIAaHYBaHHS MapalIeIbHOrO BUKOHAHHS A(a,s):

A(a,s):{(Ps(a),Ps(S),Pd,C), (TamzL)’ (Up’UmUT)}a (5)
ne Py(a), Py(s) — craTudHi mpiopUTETH MOTOKIB BiAMIOBIAHO Mpo1ieciB p(a) i p(s), Taki mio:
Py(a) <Py(s); (6)

Py — nuHAMIYHHN TIPIOPUTET TTOTOKY; C — OIliIHKA Yacy, Ha IIPOTs3i IKOTO MOTIK BUKOHYBABCS B TPOIECOPI
JI0 MOMEHTY BHTICHEeHHs; T — KBaHT 4acy, SKHU BUAUICHUI HA BUKOHAHHS MOTOKY; M — JUTbHUK KBaHTY
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yacy; L — moka3HUK NOTOYHOT 3aBaHTaXCHOCTI MPOIIecopa Y BUTIISII CePEAHbOT KITBKOCTI MOTOKIB B Yep3i
O4YiKyBaHHs Ha npoTs3i yacy T; U, — mpaBuio nepepaxyHKy AHHAMI4HOTO IIPIOPHTETY, SIKE 3aCTOCO-
BYETBCS TSI KOXKHOTO TIOTOKY B Yep3i OUiKyBaHHS depe3 KokHi T ceKyH:

Up: Pa(a)=Py(a)*c(a), Pu(s)=Py(s)+c(s); (7)
U, — npaBwio mepepaxyHky c(a) ta c(s), sKe 3aCTOCOBYEThCS KOXHI t=T/m CeKyHa A MOTOKY, SIKHUif
3HAXOUTHCS B MPOIECOPI:
U.: c(a)=c(a)+2, c(s)=c(s)+1; ®)
Ut — mpaBuiio nepepaxyHKy ¢ JJIsl MOTOKIB, IO 3HAXOAATHCS B 4ep3i OUIKYBaHHS, SKE 3aCTOCOBYETHCS
koxHi T cexyHn:

Ur: c=(cxL)/(L+1). )

VY 3amponoHOBaHOMY anropuTMi IaHyBaHHA A(a,s) depe3 KoxHI T cekyHA i3 yepru O4iKyBaHHS
0o0MpaEThCs Ha BHKOHAHHS TOTIK i3 HaHOIBIINM 3HAYCHHSM JAWHAMIYHOTO TpioputeTy. [lpu mpomy
NOTOKM Tporecy p(s) MaroTh OUIBIIMA CTaTUYHUHA NPIOPUTET Ta AUCIIETYCPU3YIOTHCS B MEHILOMY
Macirabi yacy.

3ampornoHoBaHWH cociO GyHKIIOHATFHOTO y3ro/KeHHs p(a) Ta p(s) H03BOIMB 301LIBIINTH MACIITa0
po3napaieicHHs OOYMCICHb y OJIOI NPUHHATTA pimeHHs MBA 3aBAsKd 3pOCTaHHIO MaKCHMAaJIbHO
MO>KJIMBO] KiJTbKOCTI OIMHMIL po3napaieneHHs (notokis) H, BHacminok aekommosuuii p(a,s)—[p(a),p(s)].
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Puc. 1. Cxema gpynryionanvroeo y32004ceHHs Memooié OpeaHizayii a0anmueHux
BO-npoyecie ma memoois npocmoposoi camoopeanizayii MBA

Sxmo y Bunazaky p(a,s) Hy=max(k,n), ne k — orinka MoxaMBocTel po3napaeneHHs 00uuCIeHb s
amantuBHoro BO-mpouecy p(a) (y Burismi kimbkocTi pkepen iHndopmamnii k=M/N, 1mo npumnanaiooTs Ha
omquH BO-mporec); n — omiHKa MOXIIMBOCTEH po3mapaieneHHs OOYHMCICHb VIS IMPOIECY YHpaBIiHHS

nepemimeHasaM p(s) (y BUIIISIOI cepenHboi KimbKocTi cycignix MBA, 3 skumu neit MBA ysromxkye cBoi
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nepeMilleHHs), To y Bunajaky [p(a),p(s)] H,=kxn. Otxe, MokHa OL[IHUTH 4aCTKy MOCIITOBHUX OOYHCIIEHb
B OJTHOMY IIWIKJTi YTIPABIIHHA U1 000X BUIAIKIB:
1) st p(a,s):

o= o= (X, t nxy) / (kx, + nx;), (10)
ko k>n, 1

o= o, = (Xs+ kxa) / (kx, + nx;), (11)
ko k<n, A€ X,, Xs — KUIBKICTh MMOCIIJJOBHUX ONEpaIliii UKy yIPaBIiHHS B OJJHOMY IOTOIl BiAMOBIIHO
nporecis p(a) i p(s);

2) nns [p(a),p(s)]:
=X+ Xs) / (kx,+ nxg). (12)

3rigHo 3 3aKOHOM AMjana, OCKUTBKH 0L<dy 1 0<0l,, 3alpOIMOHOBAHUHN CMOCIO (HYHKI[IOHATBHOTO
Y3TO/DKEHHS JTa€ BUTpAIl y MPHUCKOPEHHI O0YMCIIeHb y Onori mpuiHATTS pimeHb MBA. lleit Burpam
MO’KHA OL[IHUTHU 3a JIOIIOMOTOI0 BiTHOCHOTO MPHCKOPEHHs obuHcieHb g=S,(a,p)/Sy(0,p), ae Sy(a,p) —
IPUCKOPEHHsI OOYMCIeHb s BMHAAKy p(a,s), a Sp(0,p) — NPUCKOPEHHS OOYMCIEHb A BHUIAAKY
[p(a).p(s)]-

Y pe3ynbTari JOCHI/PKEHHS Ta MOJCTIOBAHHS 3alpOMOHOBAHOTO CMOCO0Y (YHKIIOHATBHOTO
Y3rO/DKCHHST BCTAaHOBJICHO, IO BIJIHOCHE TMPHUCKOPCHHS OOYMCICHb [UIsl 3aJaHOTO IOKa3HHKa
po3napaneneHHs p Ta 3HAYCHb (X, > X;) 3pOCTa€ HENiHINHO 3 pocToM (K, n) 10 MAKCUMAaIbHOTO 3HAYCHHS Y
BUMNaAKy k[n, micns 4oro 3MeHInyeTbes (Tadi. 1). Bigrak s koxxHOT KoMOiHamii 3Ha4eHb (n, K, X,, X) €
BIJINOBITHUI TOKA3HUK po3MapajeiicHHs p, AN SKOrO 3alpOlNOHOBaHUN CIOCIO J1a€ MaKCUMalbHE
BiJTHOCHE TIPUCKOPEHHS 00YKCIIeHb. Y CepPeIHbOMY JJIsl TUIMIOBUX 3HAUEHb (0, K, p, X,, X;) 3aIPONIOHOBAHMIA
crnoci6 3abe3nedye MPUCKOPEHHS oO4HcieHb y Omomi npuitHaTTsa pimieHb MBA Ha 40,6 % (cepenne
apu(MeTHYHE EKCIICPUMEHTAIBHO OTPUMAHUX OI[IHOK BIJHOCHOTO TMPUCKOPEHHS OOYHCICHBb IS BCIX
KoMOiHaIiif 3Havens (n={2,...,5}, k={2,...,10}, p={2, 4, 6, 8}, x, ={6, 8, 10, 12}, x, ={6, 8, 10, 12}).

Tabnuus 1
Binnocne npuckopennsi 064uucaenb g=S,(a ,p)/Sp(0 2,p), A€ 0= a1 200 a= 0.5, P=4, x,=10, x;=8
(2 — pO3paxyHoOK, g — ONiHKA, 0OTPHMAHA eKCIEePHMEHTAIbHO)

k=2 k=3 k=4 k=5 k=6 k=7 k=8 k=9 k=10

n=2(1.27|126(1.24|1.22 122121 | 1.20|1.18 [ 1.18 | 1.17 | 1.17 | 1.15|1.16 | 1.14 | 1.15| 1.13 | 1.14| 1.13

n=3(1.31{130{1.44|143|140(139|138|137 (135|133 |132|131|130/1.29|1.29|1.28|1.27| 1.26

n=4|1.28|1.26|1.52|1.50 | 1.57 | 1.55|1.53 | 1.52{149|147|146|1.44|143|1.41|1.41|1.40|1.39| 1.37

n=5|1.26|1.24|1.48|1.45]|1.67|1.66|1.67|1.65|1.62|1.61|1.59|1.58|1.55|1.53|1.52|1.51|1.49|1.47

BucHoBKH

3amponoHOBaHO Coci0 QYHKIIOHAIBHOTO Y3TOKEHHsSI METO/IB OpraHizallii aJanTUBHHUX MPOLECiB
30upaHHs JaHUX (BUMipIOBaJIbHO-OOUMCIIOBAIEHUX IMPOIECiB) Ta METOIB MPOCTOPOBOI camoopraHizamii
MOOUTFHIX BUMIPIOBANBHUX arcHTIB MapajelbHUM BUKOHAHHSM BiJIOBIIHOTO MpOIecy 30MpaHHs JaHUX
(BUMIpIOBAJILHO-O0YUCITIOBAIEHOTO TIPOLIECY) Ta TMPOLECY YIPaBIiHHS MEpPEeMilleHHsIM MOOUIBHOTO
BUMIPIOBAJIGHOTO areHTa i3 BHKOPUCTAHHSAM 3alPOIOHOBAHOTO MPOTOKOJY X B3a€MOAIi Ta aaroputmy
IUTaHyBaHHS T1apajeIbHOrO BUKOHAHHS, IO J03BOJSE€ MPUCKOPUTH OOYMCIICHHSA B OJIOLI NPUIHATTA
pimieHHa MOOITFHOTO BUMIPIOBAJILHOTO areHTa B cepequbomy Ha 40,6 %.
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FUNCTIONAL COORDINATION OF METHODS OF ORGANIZATION
OF ADAPTIVE DATA COLLECTION PROCESSES AND METHODS OF SPATIAL
SELF-ORGANIZATION OF MOBILE AGENTS

A. Botchkaryov

Lviv Polytechnic National University,
Computer Engineering Department

© Botchkaryov A., 2020

The way of functional coordination of methods of organization adaptive data collection processes
and methods of spatial self-organization of mobile agents by parallel execution of the corresponding
data collection processes and the process of motion control of a mobile agent using the proposed
protocol of their interaction and the algorithm of parallel execution planning is proposed. The method
allows to speed up the calculations in the decision block of the mobile agent by an average of 40.6 %.

Key words: functional coordination, adaptive data collection process, spatial self-organization,
mobile agents.



