3ajaum 0 NOKPbLITHH

Hano: CeTb 10pOr 1 KOHEYHOE MHOXECTBO ITYHKTOB JIJI pa3MelneHuss noctoB ' AN.
Kaxaplii MyHKT MOXKET KOHTPOJHUPOBATH JOPOTY HA 3aJaHHOM PACCTOSIHUM OT HETO.
M3BECTHO MHOKECTBO OIACHBIX YYaCTKOB HA JIOPOrax.

HaiTu: MUHUMAJIBbHOE YMCIIO TIOCTOB JJIsI KOHTPOJIS BCEX OMACHBIX YYaCTKOB.

O0o3HavYeHUA:
I={1,..., m} — MHOXECTBO BCEX BO3MOXKHBIX IMYHKTOB JIJIs pa3MeIieHus moctoB I'Al;
J={1,..., n} — MHOXECTBO OIIaCHBIX Y4aCTKOB;

. 1, eciv M3 MyHKTA { MOKHO KOHTPOJIUPOBATh YUaCTOK |
Y |0 BIpOTHBHOM CiIydJac

IlepemeHHbIe 3a1a4M:

o= 1, ecin B myHKTE [ ycTaHaBauBaeTcs moct I'AN
* |0 BOpOTHUBHOM CiIydac
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Maremaruyeckass MojJeJb
min Z X;
iel
[IPU OTPAHUYECHUSIX: Zaijxi >1, jeld;
iel
x;€{0,1} iel
IIycTh ¢; =2 0 — CTOMMOCTB CO3JaHUS MIOCTA B ITYHKTE I ¥ YUCJIO IOCTOB HE MPEBOC-
xoaut p>0. TpeOdyeTcs MUHUMHU3UPOBATh CYMMAPHYIO CTOUMOCTS:
min Z C; X;
iel
[IPU OTPAHUYECHUSIX: Zaijxi >1, jeld;
iel
2 Xi < p;
iel

x;€{0,1} iel.

Htekuyusn 12. /[uckpemmnowie 3a0auu pazmewienus. Yacmo 1 -



HpCI[HOHO)KI/IM, 9qTO0 HMMCCTCA BO3MOJKHOCTBb OTKPBLITH HEC

il TOB M WX HE XBATUT I HTPOJIA BCEX
| ©boJiee IIOCTO e a KOHTDO ce

B ®i - OIACHBIX YYAaCTKOB.

TpeOyercs npd  JaHHOM  OrFpaHUYCHUHM  HaWTHU

pasMCiCcHUC II0CTOB JIsI KOHTPOJII MAKCHMAJIBHOI'O
qHrcCJia OIIACHBIX YYAaCTKOB.

IlepemMeHHbIC 3a1a4M:

_ |1, ecnii omacHbI# y4acToOK j O KOHTPOJIEM
Y7708 IIPOTHBHOM CITy4ae

o= 1, ecin B myHKTE [ ycTaHaBauBaeTcs nmoct I'AN
* |0 BHOpOTHBHOM CiTydae

Jekuyun 12. Jluckpemmnwie 3a0auu pazmewienusn. Y4acmo 1 -



MareMmaTnuyeckas MOJ€eJ1b

max Zy]
jeJ

IIpU OTPAHUYCHUAX: Zaijxi 2V, JE J;

iel
2% < p;
iel
x;, ¥i€10,1}, iel, jed.

anamneHI/le. HOKaBaTI), qTO 2Ta MOJCJIb HC DKBHUBAJICHTHA HI/I)KGCJ’IGI[YIOH_ICI\/’I MO-

TN
max Z Zaij-xi
jeJiel
IpY OTPAHUYCHUSX D x; < p;
iel
x;€{0,1}, iel

HMekuyun 12. /[uckpemmnowie 3a0auu pazmewienus. Y4acmo 1 4



Ecay omacHele y4aCTKH ONACHBI B PA3HOW CTEIIEHW M BEJIMYMHA b; 3a]1a€T, HAIIPH-
Mep, YHCJIO aBapuil Ha y4acTKe j 3a roji, TO 3ajada IpeaoTBPaIlCHUsI MaKCUMallb-
HOI'0 YHMCJIa aBapUil 3alIUChIBACTCS CICAYIOIIUM 00pa30M:

max Zb]y]
jeJ
[IPU OTPAHUYECHUSIX Zaijxi 2y, JE€J,
iel

> x; < p;

iel

x;, ¥;€10,1}, iel, jed.

Jekuyun 12. Jluckpemmnwie 3a0auu pazmewienusn. Y4acmo 1 s



KaaHbli aJropuTm

PaccMOTprM B3BEIIEHHYIO 3371a4y O TIOKPBHITUU

min Zcixl- Zal-jxl- >1,jeJ,x; €{0,1}
iel iel
AJropuTm
1. Honosxuts X := &, k =0, Jl-k ={jeJ] aj; = 1}, icl, ' = O:

2. Iloka JO # J BBINIOJIHATD:

C: ) C:
2.1. Haiitu iy €1\ X* Takoii, uTo Jl-lg £0u — Y — min :

[Jx | ienxk (| Jf

I 2 D

l

2.2. llonoxwuts k :=k +1, Xk:=Xk_1u{iO}, JO =0 UJi]E)_l

u Jl-k = Jlk_1 \J{B_l JUTSI BCEX 1€ I\ X~

HMekuun 12. /[uckpemmnwie 3a0auu pazmewienusn. Yacmo 1 -6



Ipumep
I={1,...,n+1},J={1,...,n}

BEKTOD (¢;) marpuua (a;)

S
|‘>—A§\>—A
(U

—
-

5
\O]

1+¢ 1 1

OnTtumanbHoe pemenue X* ={n + 1} u ero 3nauenue (1 + &). XKagneiii anroputm

CHayaJia BO3bMeET [ = 1, 3aTeM i = 2, ..., I = 1, ¥ IOJIy4YUT 3HAUYCHUE

1,1 1
1 2 3 L ) n—l logn.

HMekuyusn 12. /[uckpemmnowie 3a0auu pazmewienus. Y4acmo 1 -7



k
Tpynoemkocts anropurma 7' ~ O(mn) npu NpaBUIbHOM XpaHEHUU MHOXECTB J ,
iel.
be3 orpaHndeHust OOIHOCTH OyJIEM CUMTATh, YTO X ={1,2,....k} nna k=1,..., K

U AJITOPUTM IIOJIYYUJI MOKPBITHE TT0Ce K uTepaui.

O603HaUYNM qZ‘T =| Jl-k , iel, k=1,...,,K u3amerum, uaro

cilai <ci/qf . i€l

J gk w gl =g

K
_ ko gk k2 _
J—HJk, Jid N2 =D, up ki # k.

P
Paccmotpum dyukimo H(p) = Z%, p=12,..
i=1

HMexkuun 12. /luckpemnwvie 3a0auu pazmewienus. Y4acmo 1 3



Teopema Usarana. Ilycte X* — onTumanbHOE pelIeHHE B3BEIICHHOW 3aJladydl O

MTOKPBITHUH, a Xt — pelIeHue XKaaHoro aaropurma. Toraa

Zci < H| max Zaij Zc,-.
eX”

iel .
iexk jeJ i
Jloka3areabcTBO: Hapsay ¢ MCXOMHOM 3aJayeil pacCMOTPHUM 3aJ1a4yy C HOBOM

1eJIeBOM (PYHKIIMEH U HEMIPEPHIBHBIMU IT€PEMEHHBIMU:

N

'
L]

)
min- ch-H Zaij X; Zal-]-xl- >1,jeJ,x; =20
el jeJ iel

P

JIBOMCTBECHHAS K HCU NMEET BUJ

N

maxs Zuj Zai]'”j <cH Zaij ,lel,uj > 0.
jeJ |jeJ jeJ

V-

J

HMexkuun 12. /luckpemnwvie 3a0auu pazmeuwienus. Yacmo 1 9.



k
Tak xak MHOxecTBa J; 00pa3yroT pa3OHeHne MHOXKECTBA J, TO MOJI0KUM
k - k
U =c./qr, jeJir, k=1L.,K.

IlokaxxeM, 4TO u; —IIOHYCTI/IMOG pEIICHUE JBOWCTBECHHOM 3a]a4M. I[JI;I mo0oro iel

Zaij’“‘j ZZ“” Z Z“ :i ch/CIk—Z(% —qz'lm)ck/%lg-

IIycTe nis paccMarpuBaemoro i€l Homep ky — HaH60JILmI/H?I HoMmep k, 1 <k <K

o k
TakoW, 4uro J; # . Torma, mpomoiKas INPUBEIEHHBIE BbLIIIE HEPABEHCTBA,

oJTydacM
ko
2 i Z(% ~gf e/ ak SZ(CIZ-k—ql-kH)Ci/ql-k =
jeJ k=1
ko
Ciz(qik_%kﬂ)/% S ¢ Z(H(Ql )— H(qk+1))SCiH(q}):ci[—[ Zaij
-l jeJ

JIemguﬂ 12. uckpemmnoie 3a0auu pazmewienusn. Yacmo 1 -10-



HMTak, mOCTPOCHHOE PEILICHUE SBJSIETCS HONMYCTHMBIM B JIBOMCTBEHHOW 3ajadye.
Kpome Toro,

Z” Z ch/CIk —ZCIk Ck/Qk —ch— ch

jeJ k= IJEJ;]; kex®

Ho 1o TeopemMe 1BOMCTBEHHOCTH

Z u; < H(max Z aj;) Z C; OTKYyZa M BBITEKaeT TpeOyemas OLCHKA. m
. le .

jeJ jeJ iex™®

I1.10xasTt HOBOCTD.

CymectByeT koHCcTaHTa 0 < < | Takas, 4TO HaJIM4YUE MOJHUHOMHUAIBHOIO MPHOJIH-

’)KEHHOT'O aJrOPUTMA C OLEHKOW OTHOCHTENBHOU morpemHoctu ¥ H (max Zal])

iel jed

BieueT P=NP.

HMexkuusa 12. /[luckpemnuwie 3a0auu pazmeuwienusn. Yacmo 1 -11-



AJITOPUTM MYPaBbUHO KOJIOHUHU

IIpennoxxen B Havajie 90-x rogoB mpomuioro Beka M. Dorigo u V. Maniezzo

MypaBbu OPUEHTUPYIOTCS 110 3aIaxy.

Kaxnpli MypaBedl OCTaBJAE€T IIOCiE ce0s
CUJIBHO MMaXHYIIEE BEMIECTBO — epomeH.

IIpu BBIOOpE HampaBJICHUS JOMOU ¢ OOJIbIIEH
BEPOATHOCTHIO BBIOMPAETCS HAIPABJICHUE C
00Jiee CUIJIBHBIM 3aMaxoM.

Jekuyun 12. J[uckpemmnwie 3a0auu pazmewienusn. Y4acmo 1 -12-
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BepoATHOCTHBIN KAAHBIH AJITOPUTM

[ycts XI, J(X)={jeJ| Z aj; 2 1} — MHOXeCTBO “IOKPHITHIX CTONOLOB,
ieX

qi{(X) — momHocTh MHOXKECTBA J(X) = {jeJ | a; = 1} \J(X), iel\X,

0;=c;/qi(X), iel\ X — yaenpHble NpUpaIlICHUs 1IEJIECBON (PYyHKIINH,

L(p) — ciy4dailHO€ OAMHOXKECTBO MHOXecTBa [ \ X; aneMeHT i€/ \ X BKIIOYaeTcs

B MHO>ECTBO L(p) C BEPOSATHOCTHIO p HE3aBUCUMO OT JAPYTUX 3JIEMEHTOB.

BeposiTHOCTHBIN KAJAHBIA AJITOPUTM

1. INomoxuts X := I, I =0
2. Toka J’ #J BBIIONHATS:
2.1. ChopmupoBaTh NOAMHOKECTBO L(p) < I\ X;
2.2. Haitn ipeL(p) ¢ HEHYIEBBIM 3HAYECHHEM i (X) u MHHUMAJILHBIM

yJCIbHBIM MIPUPAIICHUEM p; .
2.3. Honoxutre X = X U iiy}; JY=J%0 Jig (X).

HMekuun 12. /[uckpemmnwie 3a0auu pazmewienus. Yacmo 1 -14-



BnusiHue paHaoMu3aniy Ha NOTPEIHOCTh, cayda ¢; = 1, iel

1DDDW
800 4

&E00

400 4

2004

[Ipu puxcupoBanHoM 3HaueHnu p>0 npoBoauiiock 1000 ucnpiTaHU anropuT™Ma.
Yucno peneHuii ¢ OAMHAKOBBIM 3HAYCHUEM MPEJICTABICHO Ha Tpa(UKe CTOJIOUKOM.

HMexkuun 12. /[luckpemnwie 3a0auu pazmeuwienusn. Yacmo 1 15



AJITOPUTM MYPABbHUHOM KOJOHUHU

[IycTh BEKTOp 7;, i€/ 3aaeT CTATUCTUYECKYIO UH(POPMAIIUIO O YACTOTE MOSIBICHUS
aneMmeHTa , i€l B pemienun X < I. Ilonoxum p; = ¢; /q(X) + a /7, iel\ X, rae
napaMmeTp o OnpeeisieT BaKHOCTh CTAaTUCTUYECKON HH(OpMaLIHH.

Aaroputm MK
1. Honoxwurs 7;:= 1, iel, X' =1, ¢t:=0.

2. Iloka ¢ < T4 BBIIIOJIHATD:

2.1. IToctpouts pemienuss X,, = 1,..., T BEpOSITHOCTHBIM >KaJIHBIM aJITOPUTMOM
2.2. BeiOpaTh yacTh Hauwayuux pemenut X,, t=1,..., T, T’'< T
2.3. ITo pemenusim X, , 7= 1,..., T’, OOHOBUTh CTATUCTUYECKYIO MH(POPMAIIUIO

T, i€l n nonoxutb t :=t+ 1

2.4. CMeHHUTD pexopa X', eclid HaiiJIeHO JTy4llee PelIcHHe.

HMexkuun 12. /[uckpemnuwie 3a0auu pazmewienusn. Yacmo 1 16



Brnusnaue cratuctuuecko nHdopmanuu, ciydam c; =1, iel

r‘::—

1000 5
G004

=00 4

A0 4

20101

boJsbIIo€e YuCI0 ONTUMANIBHBIX pelreHn mosrydeno npu 0,3 <p <0,7.

HMekuun 12. /[uckpemmnwie 3a0auu pazmeuwienusn. Yacmo 1
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Aapec: Iiﬁl hikkp: [ e, aco-metaheuoristic, arg)links. hkml
&m@ @@[kam @@m}ﬁaaﬁ*@m = HMAaRCcO DORIGO. IRIDIA UHI'\.I'E"I.'-.EE-IT;::BI:!E DOE ERUXELLES . EELGILIM

Links

This page contains a number of interesting links to activities around
Ant Colony Optimization and to related fields.

* The Metaheuristics Network

The Metaheuristics Network is 3 project sponsored by the
Improving Human Potential program of the European
Community {HPRN-CT-1999-00106), aimed to study wvarious
metaheuristics on different combinatorial optimization
problems.

+« Swarm-bots Projects

Swarm-bots s a project sponsored by the Future and
Emerging Technologies program of the European Community
(IST-2000-31010%, aimed to study new approaches to the
design and implementation of self-organizing and self-
assembling artifacts.
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3ajaua o p-nenrpax

[Ipennonoxum, uto p noctoB I'AN yxe BbIOpaHO, W KaXJbli OMACHBIM Y4acTOK
NPUKPEIJIEH K OnmKanmeMy nocty. O003HauuM 4epes d;; pacCTOSIHUE MEXKY yda-

CTKOM j 1 mocToM i. Jlis BeiOpanHOTr0o Habopa moctoB S C [, | S | = p 00603HaUNM
yepe3 D MakCUMaJbHOE PACCTOSIHUE MEXKTY MOCTOM U YYaCTKaMHU

: = \1

D =maxmind;;

jeJ ie§ U

Benuuuna D cBs3aHa C 33J€PKKOM IIPU BBIE3IEC U3
IOCTA [ Ha y4YacTOK j. 3ajjada MUHUMU3AIUN STOU

al

= 3a7€pXKKU HA3bIBAETCH 3a1a4ell O p-LIEHTPax:
L
(]
< max min d i = min

jeJ ieS Scl,|S|=p

“Y 3amada 0 p-lICHTpax CBOJUTCS K PEIICHHIO HE 0O0-

~—_ JIee m-n 3aJla4 0 MUHAMAJIbHOM MOKPBITHH (Kak?).
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3aj1a4a 0 MHOTOKPaTHBIX MOKPBITHAX

[lycts BenmmumHa D 3a1aeT paauyc OTBETCTBEHHOCTH T10CTa, T. €. BCE YYACTKH Ha
paccTosHuM D OT TTOCTa HAXOAATCS B 30HE €T0 OTBETCTBEHHOCTHU. 30HBI MOTYT IIE-

pecekaTncest. 1IycTh 77 2 1 — MUHUMAIBHOE YHCIIO ITOCTOB, KOTOPKIE TOJKHEI KOH-
TPOJIMPOBAThL YYaCTOK j, b; > 0 — cpeaHee YuCiIo aBapui Ha YYacTKe j.
Tpebyercs BbIOpaTh p MOCTOB TaK, YTOOBI KAXKJIBIM y4aCTOK KOHTPOJIUPOBAJICS HE
MEHEE 7 IOCTAMH, ¥ YMCJI0 IPEAOTBPALIEHHBIX aBapUi ObIIO O MaKCUMAaJIbHBIM:

max ) b; ) a;ix;

jeJ el
IIPU YCJIOBUAX le- <p,
iel
Z a;ix; 21, j€J,
iel
x;€{0,1}, iel
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BepossTHOCTHAA MOCTAHOBKA 321244
BbI30BbI C y4aCTKOB MPOUCXOAT CIy4alHBIM 00pa30M U HE3aBUCHUMO APYT OT JIpyra,
g > 0 — BEPOATHOCTH TOTO, YTO MOCT HE MOXKET OTKIIMKHYTHCS HA BbI3OB;

k
pr=1—¢g — BEpOATHOCTB TOrO, YUTO XOTS ObI OJIMH U3 kK TOCTOB OTKJIUKHETCS;

Pr — Pi1 = (1 — qk) — (1 - qk'l) = (1 -9q) qk'l — IPUPOCT BEPOSITHOCTHU IIPHU
100aBJICHUU OJHOTO MYHKTA.

IlepemeHHBbIEC:

_ |1, ecm y9acTOK j KOHTPOJIUPYETCS KaK MUHIMYM k TIOCTaMH,
Yk =0 B IIPOTUBHOM CJTydac.
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MaTteMaTHuuecKass MOJeJb:

n.
J
k—1
max Y > b (1-q)q"  y
jeJ k=1

n.
J
[IPU OTPAHUYEHUIX Z Yk < Za,-jxl-, jed,
k=1 iel

> x; <p,

iel
Xis y]k < {091}9

rae nj:Zal-j, jed, iel.

iel
3ameuanue. B ontumManbHOM pelieHUA

Yik < Yjk-1 1s Beex jed, 1<k < n;.

. )
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