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Jlekyunsa 5.

3ajadva mMapLlipyTu3aumum.
MapuwpyTusayms Ha OCHOBE y3/10B-afpecaToB.
3afa4a NOCTPOEHUS KpaTHalwmnx nyTei Ans Bcex
nap BEpPLUMH.
Anroputm @noiiga—Yopuanna.
Anroputm Tysra.

Anroputm Mepnuna—Curanna.

Anroputm Hangun—Mucpesi.



3apada mapuwpyTusaynn

B obwem cnyyae npouecc (y3en B KOMMbIOTEPHOIA CETH)
HENOCPEACTBEHHO HE COCANHEH KaHanaMWn CBA3N C KaXK4blM ApPYrum
NpOLLECCOM.

W3 kaxkgoro y3na nakeTtbl MHGOPMAaLMN MOTYT HENOCPELCTBEHHO
nepefaBaThCs TONbKO HEKOTOPOMY MOAMHOXXECTBY APYrux y3Jsos,
KOTOpble Ha3bIBAKOTCA COCesiMM 3TOro y3na.

MapLpyTrsaums — 3To npoueaypa NpUHATUS PELLEHUS O TOM,
Kakomy cocefly (MHOrAa He eqUHCTBEHHOMY) ChenyeT nepefaThb
naker, 4Tobbl OH B KOHLE KOHUOB Dbl AOCTAB/EH MO HA3HAYEHUIO.

Llenb, koTopas CTaBUTCA NpUu NPOEKTUPOBAHMUN anropuTMa
MapLIpyTN3auum, COCTOUT B TOM, Y4TODbI CHAbOMTL KaXAaplid y3en
NpoLeaypoii, KOTOPasi CMOXET BbINOHATL 3Ty (DYHKLUIO 1
rapaHTUpOBaTb AOCTABKY Ka>KAOro NakeTa MO Ha3Ha4YEHUIO.



3apada mapuwpyTusaynn

B kaxxgom ysen foaxHa xpaHUTLCs HekoTopasi nHdopmauns o
TOMOJOrNM CETU, U JIOKAbHAS MPOLEAYPa LOJKHA NMPUHUMATH
peLleHne Ha OCHOBE 3TOM MHopMayn.

S7a nHdopmauuns npeacrasneHa B Tabauueil MapLpyTusauun .
3apgayy MapwpyTM3aunm MOXHO pa3buTe Ha ABE anropuTMUYEcKue
COCTaBASIIOLME:

1. Beiuuncnenne tabnuy. Tabnauusl MapwpyTusaumu AosKHbI
BbITb BbIMMCAEHBI MPU NHALNAAN3ALAN CETU N LOSIKHbI
OBHOBAATLCA NPU U3MEHEHUMN TOMOJOMMN CETU.

2. lNpopewmxeHne naketa. Korga nakeT nepecbiiaeTcsa no CeTu, To
€ro NpoABUXKEHNE OCYLLECTBSIETCS Ha OCHOBE Tabsny,
MapLIpyTn3auun.



3apada mapuwpyTusaynn

KpuTepun oueHKr KayecTBa METOAOB MapLUpyTU3aLMM YYUTHIBAOT
cnepyroLine nokasaTesnu.



3apada mapuwpyTusaynn

KpuTepun oueHKr KayecTBa METOAOB MapLUpyTU3aLMM YYUTHIBAOT
cnepyroLine nokasaTesnu.

1. KoppeKTHOCTb.
DddekTUBHOCTL.
ClOXHOCTb.
YcToliuneoCTsb.

ABanTMBHOCTb.

> oA W

CnpaBennueocTsb.



3apada mapuwpyTusaynn

KpuTepun oueHKr KayecTBa METOAOB MapLUpyTU3aLMM YYUTHIBAOT
cnefyroLe nokasaTenu.

1. KoppekTHoCTb. ANropnTMm HOMKEH JOCTABAATL KaXKAbIA Naker,
MOCTYNUBLUWIA B CETb, B TOYHOCTU NO HA3HaYeEHUIO.

DPDPEKTUBHOCTS.
CnoxHocTb.
VYcToiymneocTs.

ApanTuBHOCTS.

o oA W

CnpaBegnueocTb.



3apada mapuwpyTusaynn

KpuTepuu oueHKn KavecTBa METOAOB MapLIpyTU3aLUM YHUTLIBAKOT
CiepyroLe nokasaTenn.

1. KoppeKTHOCTb.

2. 3ddhekTUBHOCTE. ANTOPUTM [OJKEH OTNPABASTL MaKEThl MO
CHAUNYHLWUM» NYTAM; HanpuMep, OXNAAETCS, Y4TO
BbIOpaHHbIE NYTN NPUBOAST K HEDONLLIOI 3aAepXKKe 1
obecneunBatoT BLICOKYIO MPONYCKHYIO CNOCOBHOCTL BCER ceTw.
AnroputM HasbIBaeTCS ONTUMAJbHBIM , €CJIM OH MO3BOJSIET
3a4€eliCTBOBaTL «HaWJy4LIMey NyTu.

CnoxHocTb.
VcToRunBOCTb.

AZanTUBHOCTb.

ook w

CnpaBeainBoCTb.



3apada mapuwpyTusaynn

Kputepun oLeHKM KavecTBa METOAOB MapLUpYyTU3aLUNN YHNTbLIBAIOT
chefyrolme nokasaTesnu.

1. KoppeKTHOCTb.
2. 3 dheKTUBHOCTL.

3. CnoxHocTb. ANropuT™M BblYNCAEHUS Tabnny, 4OKEH
NCNONb30BaTh KaK MOXXHO MeHbLle coobLUeHNli, pacxoaoBaTh
KaK MOXHO bosiee SKOHOMHO BpeMS N NaMsiThb.

4. VcToiR4mnBoCTb.
ApanTuBHOCTS.

CnpaBegnueocTb.



3apada mapuwpyTusaynn

Kputepun ouLeHKM Ka4ecTBa METOAOB MapLUpPYyTU3aLUNN YHNTbLIBAOT
chnegyrolme nokasaTesnu.

1.
2.
3.
4

. YeroiiynsocTts. B cnyyae nsmenenns tononorumn (pobasnennn

KoppeKkTHOCTb.
SPPeKTUBHOCTD.

CnoxHocTb.

WM YOANEHUN KAHAMA WAN BEPLUMHbI) aNrOPUTM BHOCUT
n3mMeHeHus B Tabauubl MapipyTMu3auum, gas Toro 4Tobbi
33434y MapLIpyTU3aLum MOXKHO OblIO PewnTs B
MoancULMpPOBaHHON ceTn.

ApanTuBHOCTb.

CnpaBeanBoCTb.



3apada mapuwpyTusaynn

KpuTepun oueHkr kayecTBa METOAOB MapLUpYyTU3aLMM YYUTHIBAOT
cnepyrolime nokasaTenu.

1. KoppeKTHOCTb.
2. DddekTuBHOCTD.
3. CnoxHoCTb.

4. VcToi4mBoCTb.
5

ApantueHocTs. [lna Toro 4Tobbl BEIPOBHATE 3arpy>XeHHOCTb
KaHasoB 1 BEPLUMH, aJropuTM npucnocabsveaer Kk aTomy
Tabnuubl, nzberas NpokNagbiBaTh NYTU YEPES TE KaHasbI 1
BEPLUMHBI, KOTOPblE YPE3MEPHO 3arpy>keHbl, N OTAABAsA
npefnoyYTeHNe TeM KaHanaaM U BepLUNHAM, Ha KOTOpbIE B 3TO
BpeMs BO3JIOXKEHA HAMMEHbLUAS Harpyska.

6. CnpaBegnmeocTb.



3apada mapuwpyTusaynn

KpuTepun oueHKr KayecTBa METOAOB MapLUpyTU3aLMM YYUTHIBAOT
cnefyroLe nokasaTenu.

1. KoppekTHOCTb.
2P PeKTUBHOCTD.
CnoxHocTb.
VcToiiuneocTb.

A#anTUBHOCTb.

o oA W

Crpaeegineocts. ANroputM AosKeH 0BCIyXNBaTb BCEX
nosb30BaTeNell B paBHOl Mepe.



3apada mapuwpyTusaynn

CeTb npegcraBnsieTcs rpapomM, BEPLUNHbLI KOTOPOrO COOTBETCTBYHOT
BEPLUMHAM CETU; COCEAHMNE BEPLUNHBI COEANHEHbI pebpom, ecn
Mexay HUMu ecTb KaHan cBsizn. CylecTBYeT HECKOLKO BapUaHTOB
MOHATUSA KHAWAYYLIWA NYyTb>.



3apada mapuwpyTusaynn

CeTb npegcraBnsieTcs rpapomM, BEPLUNHbLI KOTOPOrO COOTBETCTBYHOT
BEPLUMHAM CETU; COCEAHMNE BEPLUNHBI COEANHEHbI pebpom, ecn
Mexay HUMu ecTb KaHan cBsizn. CylecTBYeT HECKOLKO BapUaHTOB
MOHATUSA KHAWAYYLIWA NYyTb>.

1. MuHnmanbHOE KOAMHYECTBO 3BEHLEB.
2. MuHumanbHas CTOMMOCTb.

3. MurHumanbHas 3agepxka.



3apada mapuwpyTusaynn

CeTb npefcraBnseTca rpapoM, BEPLUNHbLI KOTOPOrO COOTBETCTBYHOT
BEPLUMHAM CETU; COCEAHMNE BEPLUNHBI COEAUHEHbI pebpom, ecn
MeXZay HUMK ecTb KaHan cBasn. CyLuecTByeT HECKOJIbKO BapUaHTOB
MOHATUSA KHAWAYYLWI NyTb>.

1. MuHumansHoe konuyecteo 3eeHses. CToMMocTb
MCMONb30BaHUS NYTU ONpeAensieTcs KOJNYeCTBOM 3BeHbER
(NpoiifeHHBIX KAHANIOB NN LIATOB OT OAHOW BEPLUNHBI K
ApYyroii) B aToM nyTu. AnropnTm maplupyTusauum c
MUHUMabHBIM YNCAOM 3BEHLEB BbIONPAET NyTu, MMEoLLMX
HauMeHbLLEee BOBMOXHOE YUC/IO 3BEHLEB.

2. MuHumMmanbHasi CTOMMOCTb.

3. MuHumanbHas 3agepxka.



3apada mapuwpyTusaynn

CeTb npeacTaBnsieTcs rpachom, BEPLLUMHBI KOTOPOrO COOTBETCTBYIOT
BEpPLUMHAM CETU; COCeAHMNE BEPLUNHBI COEANHEHbI pebpom, ecn
MeXay HUMK ecTb KaHan cBasn. CyLuecTByeT HECKOJIbKO BapUaHTOB
MOHSATUS KHAWAYYLIWEA NYTbY.

1. MvHuMansHoOe KONMYECTBO 3BEHLEB.

2. MunumansHasa ctoumocTb. Kaxpaomy KaHany CBsisu
npugaercs HeusmeHHas (0bbIMHO HeoTpuuUaTENbHasA)
croumocTs (MAKM BeC ), n CTOMMOCTb NMYTW NONAraeTcs PaBHON
CYMMapHOMY BeCy BCEX KaHasoB nyTu. Anropntm
KpaTyaiiero nyTu BbIOWpAeT NyTb HaMMeHbLUEN CTOMMOCTM.

3. MuHnmManbHast 3agepXKa.



3apada mapuwpyTusaynn

CeTb npefcraBnseTca rpapoM, BEPLUNHbLI KOTOPOrO COOTBETCTBYHOT
BEPLUMHAM CETU; COCEAHMNE BEPLUNHBI COEAUHEHbI pebpom, ecn
MeXZay HUMK ecTb KaHan cBasn. CyLuecTByeT HECKOJIbKO BapUaHTOB
MOHATUSA KHAWAYYLWI NyTb>.

1. MuHnmanbHOE KOAMHYECTBO 3BEHLEB.
2. MuHumanbHasi CTOMMOCTb.

3. MuHumanbHas 3agepxka. KaxaoMy kaHany CBA3WM NpuaaeTcs
OUHAMUYECKN N3MEHSIEMast XapaKTePUCTMKA, 3aBUCALLAs OT
Tpadhnka 4epes 3TOT KaHaa. ANropuTM MUHUMASBHOIA
3a0EePXKKN NOCTOSIHHO NepecMaTpusaeT Tabauubl Tak, 4TobbI
BCceraa Bbibupanuce nytu ¢ (No4Tn) MuHUManbHol obLieii
3a4€epP>KKOMA.



MapuwpyTunsaums Ha ocHOBe y3/10B-ajipecaToB
Bbibop maplupyTa Ans npoasuxeHns naketa obbIYHO NPOBOANTCS
TONILKO C YHETOM y3/1a-aJpecaTa nakeTa He3aBUCIMO OT UCXOZHOTO
oTnpasuTenst (MCTOYHMKA) NakeTa.

OCHOBHbIe fOMyLLEHNst O CBOWCTBAX MapLLPYTOB.

1. CronmocTb oTnpaesieHusi naketa no nyTu P He 3aBuCuT OT
TOro, MCNONBL3YTCA AU pebpa nyTu P Ans npogsuxeHus
apyrux coobwennii. Mostomy croumocts C(P) nytu P — 370
byHKLMA, 3aBUCALLAA TONBKO OT CaMOro NyTu.

2. Mpwn nocnefosaTensHOM COeAMHEHNN ABYX NyTell obpasyeTcs
HOBbI/i NyTb, CTOMMOCTb KOTOPOrO paBHa CYMME CTOMMOCTENA
IBYX UCXOAHBIX NyTel, T.e.

C(<Uo, ui, ..., le>) = C((Uo, ceey u,->) + C((u,-, RN uk>).

CroumocTs nyctoro nytu (ug) paena 0.

3. B rpadpe HeT uuki0oB OTPULATENBHOW CTOMMOCTH.

I_IyTb N3 BEPLWWHBI U B BEPLUWUHY V Ha3bIBaA€TCA ONTUMaJIbHbIM
€CNn HET nNyTn MEHbLUEN CTOMMOCTWN N3 U B V .



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

Nemma 5.1. (o npocTbix NyTsx).

Mycte v n v — BepwuHbl rpacpa G . Ecam B rpadpe G ectb nyTsb P
W3 U B vV, TO UMEETCA TaKXKe U NPOCTOli NyTb U3 U B V , KOTOPLIi
ABNSIETCA NPU 3TOM ONTUMAJIbHBIM.

3apgava.

1. BepHo /in, 4TO KaXAblii ONTUMaNbHbIA NyTb 0DsA3aTENBHO
[OJKEH BbITb NPOCTbIM NyTEM?

2. Hackonbko cywiecTBeHHbIM 34€eCh SBAsieTcs TpeboBaHue
OTCYTCTBUS LUKIOB OTPULATENBHOW CTOUMOCTI?



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

Teopema 5.1. (0 aepeBe oNTUMAabHBIX MYTER).

Ona kaxgpoli sepwunbl 1 € V ceasHoro rpacda G cywecTteyeT
Takoe gepeso T, = (V, E,), E, C E , B koTopom ans ntoboii
BEPWUHbl v € V' | eIWHCTBEHHbIA NyTb N3 Vv B U B AepeBe [,
ABAETCS ONTUMaNbHBIM NyTeM U3 v B U B rpace G .

JokazaTenbcTeO.
Mycte V = {vi, ..., vy} . MNocTponm nHAYKTUBHO Takne AepeBbs
T, =(Vi,E),i=0,..., N, uto

1. Kaxpoe gepeso T; sisnsierca nogrpadom rpacpa G .

2. Kaxpoe nepeso T, — noanepeso aepesa ;1 .

3. Onsa kaxgoro i > 0, Buinosnstotea v; € Vi u € V.

4. Nna kaxpoii BepwinHbl w € V; nyTb U3 w B U B gepese T;

ABNAETCA ONTUMAJbHbIM NYTEM U3 W B U B rpacbe G.

fcHo, uTo gepeso Ty BymeT uckomeim.



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

JokaszaTenbcTeO.

Monoxum Vo = {u} n Eg =10 .

Hepeso T;.1 cTpouTcs Tak.

Bbibupaetcs ontumansHblii npocToii nyte P = (ug, ..., Ugx) n3
Vi1 B U.

MNycTb ¢ — HaumeHbLWING UHAEKC, AAs KoToporo uy € T; .
MNonoxum

Vij1 = V,'U{Ujl_j.</,} 7] E,‘+1:E,'U{(Uj.ﬁ Uj+1)2j<f}.

fAcHo, uto T; siBnsieTca nogaepesom rpacpa 111, n v € Vi .
Ipacp T;.1 ABNAETCA AEPEBOM, MOCKOJBLKY MO MOCTPOEHUO 111
ABMSETCS CBA3HLIM rpachoM, U YUCAO BEPLUNH B HEM NPEBOCXOAUT
4ncno pebep B TOYHOCTM Ha efuMHMLLY.



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

Tiv1

Puc.: MoctpoeHue pepesa Tii1.



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

[lokazaTenbCTBO.

Noka>keM, 4To Ansl BCEX BEpWMH w € V1 NyTb U3 W B U B AepeBe
Ti11 ABNsieTCS ONTUMaNbLHBIM NyTem U3 w B U B rpace G .

Ona sepwun w € V; C Vi1 370 BepHO, T.K. T; siBnsieTcs
nogaepesom aepesa i1 .

Mycte w = uj, j < (, npunagnexut Vi 1\ V;, nnycts Q" —
nyTb U3 Uy B U B gepeee T .

Torpa B aepese 7.1 U3 BEPLUMHBI L B BEPLUNHY U BEAET NyTh,
MONyHeHHbIi B pesynbTate coeguHenns nytn Q' = (uj, ..., ug) w
nytn Q" .

OcTtaeTcs nokasaTs, 4to nyTh @ = Q' Q" AsnseTca onTuManbHbIM

B rpacpe G .



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

Tiv1

Puc.: MoctpoeHue pepesa Tii1.



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

JokazaTenbcTeO.

3ametum, uto cycpduke P’ = (up, ..., uy) nytn P senserca
ONTUMAaJIbHBIM NYTEM U3 Uy B U .

IT0 chnefyeT M3 onTUManbHOCTU Cyd PUKCOB ONTUMaNbHLIX NyTel
1N CBOWCTBA aAANTUBHOCTM CTOMMOCTU NyTeN.

Moatomy C(P") = C(Q") — seab oba nyTu onTumanbHbie.

Jonyctum, 4To ecTb NyTb R U3 1 B U MeHbLUE CTOUMOCTH, Yem
nyts Q'Q" .

Torga ctoumocTb R MeHbLue, yem cToumocTs nytn Q'P” | a ato
03HavaeT (y4nTbiBasi CBOWCTBO aaAMTUBHOCTW CTOMMOCTMN NyTeid),
4TO MyTb, OOPa30BaHHbIN NpucoeguHeHnem K nyTn (ug, ..., Uj)
nyTn R, MIMEET MEeHbLLUYIO CTOUMOCTb, Y4€M ONTUMAanbHbIA NyTh P .

0



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

OcToBHOE AepeBO, KOPHEM KOTOPOro CAYXXWUT BEPLUMHA U ,
Ha3bIBAETCA BXOAHLIM LEPEBOM ANS U , a AEPEBO,
YOOBJETBOPSIIOLLIEE TEOPEME O AepeBe ONTUMaNbHbIX nyTeli
Ha3bIBAETCA ONTUMAJIbHbIM BXOLHbIM LEPEBOM .

CywiecTBoBaHNE ONTUMANBHOMO BXOAHOMO AEPEBA O3HAYAET, HTO
aNropuTM ONTUMANbHOR MapLpyTM3aunm MOXeT paboTaTb C
MCNONIb30BaHNEM CReayloLEell NOKaALHOW npoueaypsl

table lookup,, .

Mpouenypa table lookup, nmeeT ognn aprymenT u Bblbupaet
OQHOro N3 coceneli BEPLUNHbI V .

T.K. BCe NakeTbl, aAPECOBAHHbIE Y31y U ONTUMANbHO HAaNpPaBnUTb MO
OCTOBHOMY fepeBy T, , NPOABUXKEHNE NakeTa ByaeT onTUManbHbIM,
ecnn 45t KXol BepwuHbl v # U npoueaypa table lookup (u)
ByaeT BbIYUCAATD POAUTENLCKYIO BEPLUMHY y3na vV B aepese [, .



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

(* Naket, agpecoBaHHbIi BepwnHe u, bbin nonyyeH nan cpopmuposa
B BeplunHe u *)

if v=u
then poctaenTb nakeT nokanbHbIMK CpeacTBamMm
else otnpasutb nakert Bepwune table lookup, (u)

AJ'IFOPVITM ONTUMANbHOIro NPOABUNXKEHNA NAKETOB.



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB
Ho BnonHe Bo3mMOXHa «MasieHbKas HEMNPUATHOCTb» . Pa3Hbl€ Y3Jibl

MOTYT UMETb B BUAY pa3Hble BXOAHbIE AepeBbs. He cnyunTcs nm
Tak, 4TO naket byaeT «nepegaBaTbCA MO Kpyry»?

[ns nokasaTenbCTBa KOPPEKTHOCTM Tabnuy mMaplipyTusaumn
NoJie3eH CNeAyoWNiA pe3ynbTaT.
Byaem rosoputb, 4To Tabanubl MapwpyTusauumn (ans
y3fa-agpecaTa U ) COLEPXaT LUK, €CAN CYLLECTBYIOT TaKne
BEPLUNHLI L1, ..., U , 4TO

> u; # U gns BCEX |,

> table /ookupul_(u) = Uj11 ANs BCeX | < k m

> table_lookup, (u) = u1 .
Tabnnupl HA3LIBAKTCA ALNKANYECKUMI , €CAN OHWN HE COAEpXaT
LUWNKAA HN AAA OAHONR BEPLINHbI U .

Nemma 5.2. (06 aymkanyecknx Tabnuuyax)

MexaHu3m NpoaBUIXKEHNST [OCTABASIET KaXKAbIA NMaKeT Mo
Ha3HaYeHUtO B TOM W TOMBLKO TOM Cjy4ae, Korga Tabnunupb
MapLIpYTU3aLUN ABASAIOTCA auUKANYECKNMU.



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

JokazaTenbcTeO

Ecaun Tabanubl mapwpyTnsauum cogepxaTt LKA AN HEKOTOPOro
y3na-agpecaTa U , TO NaKeT, aAPECOBaHHbIN NPOLECCY U , HUKOTrAa
He BygeT AOCTaBAEH NO Ha3HAYeHWIO N3 y31a, BXOASALLErO B LUK
Mpegnonoxum, 4To Tabnuubl SABAAIOTCS ALUNKANYECKUMU, U MAKET,
npeAHa3HaYeHHbIl y3/1y-aApecaTy U N OTNPaBAEHHbIA 13
Y3/1a-UCTOYHUKA Ly , NMPOLBUHYACA YEPE3 BEPLIUHbI Uy, U1, U, ... .
Ecau ogHa n Ta xe BepimMHa BCTpeYaeTca B 3TON
NOC/eAOBATENLHOCTN ABaXKAbl, TO Tabnnupsl cogepXxaTt LUK
BOMPEKN MPEANONOKEHNIO 06 aunkan4HocTy Tabnauny,.

3HaunT KaXkgas BEpLUMHA BCTPEYAETCS B NOCAELOBATENLHOCTU HE
bonee ogHoro pasa. [1o3ToMy 3Ta NOCNEAOBATENLHOCTL SABASETCS
KOHEYHOM, 1 OKAH4YNBAETCS HEKOTOPOW BeplumnHoi uy (k < N ).

B cooTeeTcTBUM C ONMCaHMEM NpOLELypbl MPOLBUKEHUS NAKETa
yKa3aHHasi NOCNef0BaTENbHOCTL MOXKET OKaH4YNBATHCS TOJIBKO
BEPLUMHON U .



MapuwpyTurusayms Ha ocHOBe y3/10B-afpecaToB

3apava.

Honyctum, 4To Tabnnusl MapLipyTusauumM Tak OBHOBASIOTCA nocne
KaXK4Oro N3MEHEHWNSI TOMOJIOrMYECKOR CTPYKTYPbl CETU, YTO OHU
OCTAaOTCA aUNKNNYeCKNMM no XO,E||y O6HOBJ'|€HV|F|. MO)KeT M 3TO
Cﬂy)KVITb rapaHTVleﬁ TOro, 4YTO NAKETbl BCErga AOCTaBAAKOTCA NO
a,u,pecy Aa>Xe B TOM Cﬂy‘-lae, KOrga CeTb npeTtepneBacT 6eCKOHe‘-|HO
6OJ'II:>|JJO€ KOJINHECTBO TONONOIrNM4YeCKnx VI3MeHeHV|ﬁ?

[lokaxkuTe, 4TO HN OAWH AaNrOPUTM MapLUPYTM3aLuM He CnocobeH
O6ec|'|e‘-|V|Tb ,ELOCTaBKy NMNakKeToB Mo a,u,pecy, ecnnm CeTb NCNblTbIBAET
Hel'lpepblBHble N3MEHEHUNA TOMNONOIrNNA.



3apgava nocTpoeHUst KpaTyaniwmx nytein Ansa Bcex
nap BepLwiunH

Ons kaxgoii napsl BepwmnH (U, v) anropuTM GOJKEH BbIHUCAUTD
ONVHY KpaTyalwero nyTn U3 BEPLUWHbI U B BEPLUWHY V N 3aHeCTn B
namMsaTb NPOLUECca U NEPBbIAi KaHaf 3TOro nyTu.

Mbi paccmoTpum anroputm Tysra (Toueg) coBmecTHoro
PacMpeseseHHOrO BIYUCIEHUS Tabany, MaplupyTusaumm Ansi BCex
y3si0B ceTu. B ocHoBy aToro anropntma nosnoxen
LeHTpann3oBaHHblid anropntv Pnoiiga—Yopwanna.



Anroputm Pnoinga—Yopwanna

Mpeanonoxum, 4To MMeeTcs B3BewweHHbld rpap G = (V| E) , B
KOTOPOM Kaxkgomy pebpy uv npunucaH Bec w,, .

Mbl byaem cumTaTh, 4TO B rpade OTCYTCTBYHOT LUKIIbI
OTPULATENBHOMO BeECa.

k—1
Bec nytn (uo, ..., Ux) — 3TO YNCNO, PaBHOE > i o Wy, -

Paccrosiine mexay BepIMHAMK U 1 vV — HanmeHbwuii Bec d(u, v)
NyTU, COEAMHSIIOLLETO BEPLINHBI U 1 v (€CNN TakuxX NyTell HET, TO
d(u, v) =0 ).

3apadva NoCTpoeHns KpaTHalilmx nyTeid Ans BCEX Nap BepLUWH
COCTOUT B TOM, 4TODbI BbI4MCAMTL paccTosiHue d(u, v) ans
Ka><JO0l napbl BEpLUNH U N V .



Anroputm Pnoinga—Yopwanna

[ns BbIMMCNEHUS BCEX PACCTOSIHUIA B anropuTme
®noiiga—Yopliania ncnosib3yeTcs noHaTue S-nyTen , B KOTOPbIX
BCE MPOMEXYTOUHbIE BEPLUMHBI MPUHAAIEKAT NMOAMHOXECTBY S
MHOXeCTBa BeplimnH V.

Onpegenenne 5.1. (S -paccrosnus)

Mycts S — HEKOTOPOE MOAMHOXKECTBO MHOXECTBA BeplumH V/ .
Myt (uo, ..., Uk) Ha3biBaeTCa S -nyTeMm, ecam u; € S gns
kaxxgoro 1,0 </ < k.

S-paccTosiHMEM Mexay BEpLUMHAMU U U V , KOTOPOe
obosnauaetcs d°(u, v) , Ha3biBaeTCA HaMMeHbLINI Bec S -nyTu
mexay u u v (ecan Takux nyTeii HeT, To d°(u, v) = oo ).
PaboTta anroputma HauMHaAETCst C NOCTPOEHUST BCEX & -NyTeid, a
3aTEM MHOXECTBO S -nyTeid HapawmeaeTcs ais Bce bonee
OOLLMPHBIX MOGMHOXECTB S , 4O TeX nop noka He byayT
paccmoTpeHbl Bce V -nyTu.



Anroputm Pnoinga—Yopwanna

Teopema 5.2. (06 S-nyTsix)

s BCEX BEPLUNMH U 1 MOAMHOXECTB S BbIMONHSETCS PaBEHCTBO
d°(u, u) =0 . Ecnv u# v, To S -NyTn NogumHsI0OTCA
CNeAYIOLWMM MpaBuaam.

1. Z-nyTb U3 BEPLUNHbI U B BEPLUMHY V CYLUECTBYET B TOM W
TOJIbKO TOM Cily4ae, korga uv € E .

2. Ecnmouv € E 10 d9(u, v) = wyy ; wHave d7(u, v) = oo .

3. Ecnm S" = SU{w} , To npoctoii S’ -nyTb u3 u B v — 370
aunbo S -nyte n3 u B v, 1nbo coeauHerme agyx S -nyTei,
OLMWH N3 KOTOPbLIX BEAET U3 U B W , @ APYrol — n3 w B v .

4. Ecan ' = SU{w}, To
d* (u, v) = min (d°(u, v), d°(u, w) + d5(w, v)) .

5. BepwuHbl U 1 v COEANHEHBI NYTEM B TOM M TOJIbKO TOM
Chyyae, KOrga MeXAy BepLumHamu U u v cyuiectsyet V -nyTb.

6. d(u, v)=d"(u, v),



Anroputm Pnoinga—Yopwanna

JokasaTenbcteo

Mpaeuna (1)—(3) n (5)-(6) — camocTosaTensHo .

Mpasuno (4). Mpumenss nemmy 5.1. (0 NPOCTbIX NyTAX), MOXHO
nokasaTb, 4TO B TOM cAy4dae, ecnm B rpade ectb S’ -nyTb n3 u B v
, cyujecTeyeT u npoctoii S -nyTe aankbl d° (1, v) 3 u B v .
Cornacro npasuny (3) oTcropa cnegyer paBeHCTBO

d*'(u, v) = min (d°(u, v), d°(u, w) + d>(w, v)) .



Anroputm Pnoinga—Yopwanna

begin(* Brauane S pasHo @, a B D 3aganbl J-paccrosinus *)
S =0;
forall u, v do
if u=v then D[u, v]:==0
else if uv € E then D[u, v] := w,, else D[u, v] := o0 ;
(* OobaenTb k S onophyto sepnty *)
while S # V do
(* NnsapuanT unkna: Yu, v : D[u, v] = d°(u, v) *)
begin pick w from V'\ S ;
(* TnobanbHas obpaboTka onopHoii BepLumHbl W *)
forall u € V do
(* JlokanbHas 0bpaboTky onopHoii seplinHbl w gns u *)
forall v € V do
D[u, v] :== min( D|u, v], D[u, w] + D[w, v]) ;
S:=5U{w}
end (*Vu, v:Dlu, v]=d(u,v)*)
end



Anroputm Pnoinga—Yopwanna

Teopema 5.3. (06 anropntm ®Proiiga—Yopianna)

Anroputm @noliga—Yopluanna BbIYUCASAET pacCTOSIHUE MEXTY
Bcemmn napamu BepwiiH 3a O(/N3) waros.

HlokazaTenbCcTBO.

B Hauane pabotel anroputma Dfu, v| =0, ecnm u = v,

Dlu, v] =wy, , ecnu uv € E , n D[u, v| = 0o B ocTanbHbIX
cnydasix. Mpu atom S = & . CornacHo npasunam (1) n (2)
Teopembl 5.2. 0 S -nyTax, Yu, v : D[u, v] = d°(u, v) . Ecnu k S
pobaensieTcst BepwnHa w , To cornacHo npasunam (3) n (4)
onepaTop NpUCBaMBaHUsI, YTOYHAOWMI 3Havenme D{u, v]
obecneynBaeT CoOXpaHeHMe BbIMOJHMMOCTM UHBAPMAHTA LMKIIA

Vu, v: D[u, v] = d°(u, v) . NporpaMma 3aBepLuaeT BbINoJHEHNE,
korga S = V . Mpuxumas Bo BHuMatme npasuna (5) n (6), a
TakXKe NHBAPMaHT LNKNA, 3aK/IHOHaeM, 4TO S-pacCTosiHus MEX Ay
BCEMU BEPLUNHAMMN PaBHbI PACCTOSIHUSIM.

OcHoBHoii Lk BoinonHsieTcs V' pas, 1 B Kaxgoii ero ntepauum
Bbinonxsietcs N’ onepauwii. |



Anropuntm Tyara nocTpoeHus kpat4danmx nyrtein

OcHoBHble gonyLleHuns.

Al. Kaxgblii LKA B CETU UMEET NOJOXKUTENbHbIN BeC.

A2. Kaxablii npouecc ceTu pacnonaraeT uHcgopmauwveii ob
OTANHNTENBHBIX MPU3HAKAX BCEX Y3/I0B CUCTEMbI (MHOXECTBA
BepwuH V).

A3. Kaxablii npouecc pacnonaraeT nHdopmMaumneid o Tom, Kakue
Y3/bl SABASIOTCA €ro coceaamun (415 KaXKAOoi BEPLUNHBI U 3TN
CBEAEHMS COLEPXKATCs B Maccuee neigh, ) n Kakoii BEC MMEOT
KaHafbl, COeAUHSIIOLME NPOLLECC C Er0 COCeasMU.

Ham 6yget npolie pasobpaTbcsi C KOPPEKTHOCTLIO airopuTMa
Tyara, ecnn BHa4Yase Mbl PACCMOTPUM €ro YMNpOLLEHHbIA BapunaHT.



Anropntm Tyara (ynpouieHHblii BapuraHT)

» [lepemeHHblie n onepauumn anroputma Proliga-Yopwanna
PasHOCATCS NO pasHbiM y3nam cetu. lNepemennas D[u, v|
OTAAeTCs npoueccy U ; anst yaobcrea obosHaueHus Mol bygem
3annCbIBaTbL U Ha MECTE NHAEKCA chepytowmm obpasom D, [v] .

» Onepauun, KOTOpPbIe MPUCBAaNBALOT 3HAYEHUS NEPEMEHHON
D, [v] monkHbl BEINOAHATBLCSA B y3/1€ U, U KOrga 3HaveHune
HEKOTOPOIA NEPEMEHHON, OTHOCALLERCS K Y31y W , Heobxoanmo
OJ151 9TOl Onepauum, 3TO 3Ha4YeHUe AOKHO bbITh NocnaHo
npoueccy U .

» B anroputme @noiiga-Yopluanna Bce BepLUUHbI AOJXKHBI
NCnoNb30BaTh MHGOPMALMIO OT OMOPHOI BEPLUMHbBI, KOTOpPas
OTNPaBASIET 3TY UHMOPMALUIO OLHOBPEMEHHO BCEM BEPLUMHAM
NOCPELCTBOM «LUVPOKOBELLATENBHOW» PaCChIIKY .

> Hy>xHO BBECTM CrieumanbHytO onepaumio, aas Toro 4tobbl He
TOJILKO BbIYUCASATL ANNHBI KpaTyaiiwmx S -nyTeli, HO TakxXe U
nepBbIfi KaHal B KaXXAOM TakoM nyTu (ans aToro mbl byaem
ncronb3osatb nepemennbie Nb,[v] ).



Anropntm Tyara (ynpouieHHblii BapuraHT)

Nemma 5.3. (06 oTcyTcTBUM LMUKIOB)

MycTb 3afaHbl MHOXECTBO BEPLINH S 1 BEpPLUNHA W .
[MpeanonoXxmm Takxe, 4TO

1. ans scex BepwnH U BepHo paseHcTeo D, [w] = d°(u, w) ,

2. ecnm d°(u, w) < 0o M U # W, TO 3HAYEHNEM NepeMeHHOI
Nb,[w]| sensieTcs umsi cocepa BepLIMHBI U HA KpaT4aiiwem S
-NyTW, BEAYLLEM K BEPLUNHE W .

Torpa opuwentuposantbiii rpad T, = (V,,, E,) , roe
Vw ={u : Dyw] <<} wn E,={ux : u# wANby[w] = x},

SABNSIETCS AEPEBOM, B KOPHE KOTOPOro PAacrosioXeHa BepLUMHA W .



Anropntm Tyara (ynpouieHHblii BapuraHT)

[lokazaTenbCcTBO.

3ameTum, 4TO ecnu 4/t BEPLWUHbI U 7 W BbINOJHAETCS
HepaseHcTso D [w] < oo, To Nb,[w]| # udef w Dy, [w] < oo .
3HaunT OAs Kaxgoii BepwuHbl u € V), , u # w , cywecTeyeTt
BepwmHa x € V,, , ana koTopoii BepHo pasencTo Nb,[w] = x .
Ons kaxpoit sepwunbl u € V), , u# w , B MHOXeCTBe £, eCTb
oaHo pebpo, n noatomy 4ncao eepwnH B 1, bonblwe 4ucna pebep
Ha 1. OcTtanock nokasaTe, 4T rpad T, HE COAEPXUT LUKIOB.
Konb ckopo anst pebpa ux € E,, MMeeT MeCcTo paBeHCTBO

d°(u, w) = wyx + d°(x, w) , Hanuuve uukna (ug, ur, ..., Ug) B

rpacbe T, nosnekno bbl 3a coboii crenyroLLee COOTHOLEHME
d° —w W e d°
(UOﬂ W) — Wuour +WU1UQ + -+ u‘)u;<,1ll() + (UO', W)7

13 KOTOporo BbiTekaeT 0 = Wuguy T Wy, T+ Wy gy HTO
MPOTUBOPEHUT AOMYLUEHNIO O TOM, HTO KaXKAbl LUK UMeeT
NOSNIOXKNTENbHbIN BEC. ]



Anropntm Tyara (ynpouieHHblii BapuraHT)

var S, : set of nodes ;
D, : array of weights ; Nb, : array of nodes ;
begin S, .= & ;
forall v € V do
if v = u then begin D,[v] :=0; Nb,[v] := udef end
else if v € Neigh,
then begin D,[v] := wy, ; Nb,[v] := v end
else begin D,[v] := oo ; Nb,[v] := udef end;
while S, # V do
begin pick w from V'\ S, ;
(* Bce npouecchl BoIbuUpatoT ogHy 1 Ty xe BepumnHy w ¥)
if u = w then "broadcast D,,” else “receive D, ;
forall v € V do
if D,[w]+ Dy[v] < Dy[v] then
begin D,[v] := D,[w] + Dy[v] ; Nb,[v] := Nb,[w] end;
Sy =S, U{w}
end
oand



Anropntm Tyara (ynpouieHHblii BapuraHT)

Teopema 5.4. (0 KOPPEKTHOCTN YNPOLLEHHOTO anropuTMa
Tyara)

VnpowieHHblii anroputm Tysra 3aBepLUaeT CBOE BbINOJIHEHUE B
Kaxxgom ysne cetu nocne N utepaunii ocHosHoro uukna. Korga
aNIropuTM 3aBEPLUAETCA B y3/1€ U , A/ KAXKAOW BEPLUMHBI V
BbinonHsietcs pasenctso D, [v] = d(u, v) , n B Tom cnyuae, ecnn B
CeTU eCTb NyTb U3 U B V , TO 3Ha4eHMeM nepemeHHoii Nb,[v|
SABASIETC HAMMEHOBAHNE NEPBOrO KaHana B KpaTyaliluem nyTu u3 u
B v ; B npoTtusHom cnyyae Nb,[v] = udef .

HlokazaTenbCTBO.

3aBepLIaeMOCTb M HaCTUYHAs KOPPEKTHOCTb HALLIEro aAropuTmMa
cneaytoT U3 koppekTHocTy anroputma Proiiga-Yopwanna
(Teopema 5.3.). OTcroga cnefyeT u CnpaBes/iMBOCTb YTBEPXKAEHUS
o 3HayeHmn nepemenHoin Nb,[v]| , nockonbky 3Hauenne Nb,[v]
N3MEHSIETCS BCsIKMI pas, korga nepemerHoil D, [v]| npucsausaercs
HOBOE 3Ha4YeHne NPUCBaNBAETCs. O



Anropntm Tyara (ynpouieHHblii BapuraHT)

Heobxoanmo nmeTh cpeacTsa o LWMPOKOBELLATENbHOIO
pacnpocTpaHeHust MHPOPMALLMN, B TO BPEMS KaK KaXkAblid nMpouecc
NMEET BO3MOXKHOCTb 0BLWATHCSA TOIBKO CO CBOMMU COCEAAMMN.

[lns 3TOro npurofHel BOJIHOBbLIE aJIFOPUTMbI .

Ho Tyar sametun, uto ecan D,[w]| = oo B Havane 3Tana
06paboTKN ONOPHOI BEPLUMHBI W , TO MO OKOHYaHMWU 3TOro aTana
Tabnuua MaplpyTU3aumMm y3na U He W3MEHSETCS!, T.K. HEPAaBEHCTBO
D,[w]| + Dy[v] < D,[v] HeBepHo pnsi kaxxpoii BeplmHbl Vv .
MosTomy Tabnnuy mapwpyTtusauuu D, HY>KHO JOCTaBUTL TOJILKO B
Te y3/bl, KOTOpbIE NpuHagnexar aepesy [, (B Tom Bnae, B
KOTOPOM OHO MOCTPOEHO K Hadany 3Tana obpaboTku onopHoli
BEPLUMHBI), U LUINPOKOBELLATENBHYHO PACCHIIKY MOXHO NPOBECTH
acbpekTUBHO, oTnpasassa Tabauuy D, TONLKO MO TEM KaHanam,
KOTOpble BXOAAT B COCTaB AepeBa [, .

Vsen w otnpasasieT Tabanuy D, CBOUM CHIHOBHUM BEpLUMHAM B
aepese T, , u Kaxablli y3en B gepeee T, , NoAy4us 3Ty Tabnuuy
OT POANTENLCKOV BEpLIMHBI B Aepese [, , nepefaeT ee CBOUM
CLIHOBHUM BeplUMHaM B gepese [, .



Anropntm Tyara (nonHblii BapuaHT)

B Hauane aTana obpaboTku onopHoli BeplwMHbI W Kaxablii y3en u ,
ans kotoporo D,[w| < oo, 3HaeT, Kakasi BepLIMHA SBASIETCS €ro
poauTeneM B gepeBe T, , HO He 3HAET, KaKNE BEPLUMHbI SIBASIOTCS
€ro CbIHOBbSIMU.

MosToMy KaXkablii y3en v [ONXKEH OTNPaBUTL COOBLLEHME KAaXKZOMY
CBOEMY cocefly U , COODLUMB NMpOLEeccy U , SBASIETCS N V CbIHOBHEI
BEPLWNHOA anst u B gepeee T, .

Toboii y3en MOXET NpUHSATL y4acTue B pacnpoCTpaHeHuu
Tabnunubl ONOPHOI BEPLUNHBI W , KaK TOJIKO OH MOJYHYMT N3BECTUS
0 TOM, Kakune N3 coceneil ABAAIOTCSA €ro CbIHOBHUMU BEpPLUMHAMM B
nepese T, .



Anropntm Tyara (nonHblii BapuaHT)

Muuuymnanusauns

var S, : set of nodes ;
D, : array of weights ;
Nb, : array of nodes ;

begin S, .= o ;
forall v € V do
ifv=u

then begin D,[v] := 0 ; Nb,[v] := udef end

else if v € Neigh,
then begin D,[v] := w,, ; Nb,[v] := v end
else begin D,[v] := oo ; Nb,[v] := udef end;



Anropntm Tyara (nonHblii BapuaHT)

BbisiBneHne CbIHOBHUX y3/,108B

while S, # V do
begin pick w from V'\ S, ;
(* Noctpouts gepeso T, *)
forall x € Neigh, do
if Nb,[w] = x then send (ys, w) to x
else send (nys, w) to x ;
rec, := 0 ; (* u gomxen nonyuuts |Neigh,| coobenuii *)
while rec, < |Neigh,| do
begin receive (ys, w) or (nys, w); rec, := rec, + 1 end,;



Anropntm Tyara (nonHblii BapuaHT)

VYTo4HeHue Tabauy mapipyTusauyum

if Dy[w] < oo then (*npunsate yuactue B 0bpaboTtke onopHoii sepnHb*
begin if u # w then receive (dtab, w, D) from Nb,[w] ;
forall x € Neigh, do
if (ys, w) was received from x
then send (dtab, w, D) to x ;
forall v € V do (*nokanbHas obpaboTka onopHoii sepmHbl w*)
if Dy[w]+ D[v] < D,[v] then
begin D,[v] := D,[w] + D|v]; Nb,[v] := Nb,[w] end
end;
Sy =S, U{w}
end
end



Anropntm Tyara (nonHblii BapuaHT)

B anroputme ucnonssyorcs cooblueHns Tpex TUMoB:

1. Coobuenus (ys, w) (ys oT «your sony) oTnpasnsieTcsi oT
y3/1a U K Y31y X B Hadane 3Tana obpaboTku onopHoli
BEPLUMHBI W , ECAN X SBASIETCS POGUTENLCKON BEPLUNHONA Anst
u B pepese T, .

2. Coobwenne (nys, w) (nys oT «not your son») oTnpaeasercs
OT y3/1a U K Y31y X B Ha4asne 3Tana obpaboTknm onopHoii
BEPLUMHBI W , ECAUN X HE SIBASETCS POAUTENLCKON BEPLUNHOI
ans u B pepese [, .

3. Coobwenue (dtab, w, D) otnpaensiercs no xogy obpabotku
OMNOPHOIA BEPLUMHBLI W NO KaxkaoMmy pebpy aepesa T, , 4TobbI
pocTtasuTh Tabnauuy D, B KaXKAylo BEPLUNHY, KOTOpas AOJXKHA
ByaeT BOCNOABb30BaTLCS 3TUM 3HAYEHNEM.



Anropntm Tyara (nonHblii BapuaHT)

Mycte W — dncno butos gns 3anucu Beca nyTu.

Teopema 5.5. (KOPpPeKTHOCTU 1 CIOXKHOCTY anropuTma
Tyara)

Jna kaxxpoli napel BEPWNH U 1 vV anroputm Tysra BbIYACASET
paccTosAaHne Mexay u n v . Ecnun 3To PaCCTOAHNE KOHEYHO, TO OH
TaKXXe onpeaenseT I'IGpBbII7I KaHan B KpaT‘-IaﬁLIJeM nyTn.

Mo xoay paboTsl anroputma no kaxxgomy kanany npoxogut O(NV)
coobuwennii, O(N? W) 6utos midopmauun.

Takum obpasom, cymmapHo no xogy paboTsl anroputma
nepeaaetca O(N - |E|) coobwennii n O(N3 - VW) 6utos
nHhopMaLmm.

Kpome Toro B KaXKA0M y3/i€ NCMOJb3YeTCs NaMsiTb, 0bbeM KOTOpPOi
coctasnsietr O(N - W) buros.



Anropntm Tyara (nonHblii BapuaHT)

HlokazaTenbcTBO

MNonHas Bepcusi anroputma Tysra NOCTPOEH Ha OCHOBE
YNPOLLEHHOVW BEPCUU, U NOITOMY KOPPEKTHA.

Ha kaxxgom atane 06paboTkn onopHON BEpLINHBI W NO KaXK4oMY
KaHany CBA3U NpoxogsT aga coobuieHns suaa (ys, w) nan (nys, w)
(no ogHOMy co0bLLEHNIO B KaXKAOM HanpasfeHumn) u He bonee
ogHoro coobuwerus suga (dtab, w, D), n 3HauuT no kakxgomy
kaHany npoxoguT He bonee 3N coobienuii. CooblieHus Buga

(ys, w) nnu (nys, w) cogepxat O(VV) butos, a cooberne Buaa
(dtab, w, D) cogepxut O(NVV) 6utos, n otcrona cnesyeTt BEPXHss
oueHKa buTosoli cnoxHocTu obmeHna uHdopmaumeli No KaxxgoMy
KaHany cesi3u. 3a Bpemsi paboTel anropnTma nepepaetcs He bonee
N? coobiennii suga (dtab, w, D) u 2/ - |E| coobwennii euaa

(ys, w) u (nys, w); Taknum obpa3om BCEro Mo CeTu nepenaeTcs
O(N? - NW + 2N - |E| - W) = O(N3W) 6utoe undopmayuu. Ans
xpaHeHunsa tabany D, n Nb, kaxgomy npoueccy u Tpebyercs
O(NW) 6utos namsaTu.



Anropntm Tyara (nonHblii BapuaHT)

3apgaun.

1. 3auem HY>XHO MepefaBaTh B KaXKAOM COODLLEHMN UMS
TeKyLLER onopHoli BepwmnHbl w?. YTo npounsoiiget, ecan 3Toro
He genatb? MoXHO An Tak MOAUVMLMPOBATE aNropuTM,
4TObBLI HEe NepefaBaTh UMSI OMOPHON BEPLUMHbI B HEKOTOPBIX
coobieHnsx?

2. CTyaeHT Npeasiokun NCKAYNTL U3 anroputma Tyara
oTnpaenexune coobueHnii (nys, w). OH npueen ciegyrouynii
apryMeHT: y3en 1 TaK y3HaeT O TOM, YTO €ro COCeA He
SABNSAETCA CbIHOBHEN BEPLUMHON, €CAN OT 3TOro cocena He
noctynaet coobiiennii (ys, w).

MoxHO nn Takum 0bpazom mMoaudpnLupoBaTh anroputTM?
Bynet nn on koppektHbiM? Kakosa bygeT ClI0XKHOCTb Takoro
anroputma?



Anropntm Tyara (obcyxaeHue)

DoctouHcTea. lNpocT, nmeeT HebOALLLIYIO CAOXKHOCTb, U CTPONT
ONTUMAasbHbIE MapLUPYThI.

Hepocrtatku.

» [noxas ycToiiunBocTb («pobacTocTby ): npu M3MeHeHUnN
TOMOJIOFMN CETN BCE BbIYUCIEHUS HY>XXHO NPOBOAUTL 3aHOBO.

» CornacoBaHHblii BbIGOp 04epeaHOli ONopHOIA BepwmnHbl (W )
BCEMU y31aMU CETU NPEANOAaraeT, YTO MHOXECTBO
y4aCTBYIOLWMNX B aArOPMTME MPOLECCOB 3apaHee N3BECTHO.

» B anroputme Tysra 4acTo npumeHsieTcst HepaBeHCTBa
tpeyronbiuka d(u, v) < d(u, w) + d(w, v) . Ons
BbIYUCNIEHMSA NPABOV 4acTW 3TOro HepaseHcTBa (B y3ne U )
TpebyeTcs «rnobansbHas» nngopmauns o d(w, v) , KOTOpoi
He obnafaeT HM NPOLECC U , HM ero cocean. 3aBUCMMOCTb OT
YOANEHHbBIX JAHHbIX BbIHYKAET HAC OPraHW30BaTh AOCTABKY
3TOV MH(OPMALMN YAANEHHBIM BEPLUNHAM.



Anropntm Tyara (obcyxaeHue)

AnbTepHaTMBHOE ypaBHEHNE ANA NOCTPOEHNSA KpaTHallinx nyTei:

0 ecnn u = v

min  (wuw + d(w, v)) nnave (1)
we Neighy

d(u, v) =

MonesHbl fBa CBONCTBA 3TOr0 YpaBHEHUS.

1. JlokansHocTb paHHbiX. [lna BbluMcneHns npasoii 4acTtu
ypasHenus (1) B yane u TpebyeTcs TONLKO JNOKaNbHO
poctynHas uidopmauus (a MeHHo, w,, ) uan nHdopmauus,
KoTopasi umeetcs y cocepeii (a umento, d(w, v) ).
HeobxoanmocTb B 0bmeHe AaHHBIMN MEXAY yAaAeHHbIMM
BEPLUIMHAMUN OTNajAET.

2. HezasucumocTs o1 BepwnH-agpecatos. [Ans BbiyncaeHuns
PaCCTOsIHUST MEXAY BEPLUMHAMU U 1 v TpebyeTcsa 3HaThb
TOIbKO paccTosiHue d(w, v) MeXAy V 1 BCEMN COCEAAMN W
BepWUHbl U . [103TOMY BbIYMCAEHME U aHAIN3 BCEX
pacCTOSIHUIA A0 3aAaHHOW BEPLUMHbI-agpecaTa V) MOXHO
MPOBOAUTL HE3ABMCUMO OT BbIYUCIIEHWNA PAacCTOSHUEA 8O
APYrUX BEPLUUH CETU.



Anroputm Mepnuna-Curanna.

Anroputm, npeanoxenublii Mepandom n Curannom, Belducnser
Tabnuubl MappyTU3auMm No OTAENBHOCTN ANS KaXKAON
BEpLUMHbI-agpecaTa.

Boluncnenus tabnuy gns pasHbix BEpLUNH-afPECATOB HE
OKa3blBAtOT COBEPLUEHHO HWKAKOro BAWAHUS OPYr Ha Apyra.

Jna kaxpoii BeplnHbI-agpecata v , anroputm cTpouT aepeso [,
C KOPHEM B BEPLUMHE V , U NMPOBOZMT UTEPaTUBHOE Npeobpa3oBaHue
3TOro Aepesa C TeM YTODbI B KOHLE KOHLOB NOJYYUTh
ONTUMajibHOE BXOAHOE OEepPeBO A/ BepLUMHbl-agpecaTa Vv .



Anroputm Mepnuna-Curanna

B kaxagom y3ne u xpaHnTcs ouenka paccrosiiust D, [v] o
BEPLUMHBI V , A TAKXKE UMs POAUTENS B AepeBe [, , KOTOPOMY
HY>KHO nepefaTb NakeT, afpPecoBaHHbIl Y3y V .

Mpn kakgoii utepaynm yzen u oTnpaensieT cooblieHmne

(mydist, v, D,[v]) c nssecTHoli emy oueHky pacctosHus D, [v]
BCEM CBOMM cocefsiM kpome Bepwmrbl Nb,[v] .

Ecnu BepwuHa v nonyyaer oT cBoero cocega w coobuyeHme
(mydist, v, d) n obrapyxnsaert, 4to d + wy,, < D,[v], To oHa
nnaraet Nb,[v| pasubiM w , a D,[v| nonaraet pasubiM d + w,,, -
Vnpasasitowuii napameTp npeobpasosaHus — sepwunHa v . Ins ero
npoeefeHns TpebyeTca coBepwnTb 0BMeH gBYMsI CoObLEHUSAMM,
coctosiwmm n3 W/ BuTos, no KakgoMy KaHany CBS3M.

Mocne nposeaeHus | UTepauunii BCe KpaTYaiiume NyTu, COCTOSILLNE
He Bonee yem u3 / 3BeHbeB, byayT NnpaBubHO BbiYUCAeHbl. [dns
BbIYUCIEHUS BCEX KpaTyaiumx nyTeli HYXHO CoBepwuTh He Bonee
N uTepauwuii. KpaTyaiilume nyTu Ko BCEM BeplUMHAM-aApecaTam
BbIYNCASIIOTCS 338 CYET HE3ABUCUMOrO NPUMEHEHUS MPESJIOKEHHOIO
anropuTMa Ko BCEM BEpLUMHAM-ajpecaTam.



Anroputm Mepnuna-Curanna

3toT aNropnTM MOX>XHO I'IpVICI'IOCO6I/ITb K U3MEHEHNAM TONOAOINn
CETUN N BECOBbIX XAPAKTEPUCTUK KaHaAOB.

BaxHasi ocobeHHOCTb 3TOro anropuTmMa COCTOUT B TOM, 4TO MO
X04y NPOBEAEHNS UTepaunii Tabnnusl MapLIpyTU3aumum oCTaloTCs
AUNKANYECKUMNA.

Teopema 5.6. (KOPPEKTHOCTU N CAOKHOCTY anropuTMa
Mepnuna-Curanna)

Anroputm Mepnuna—Curanna esiuncnset Tabanubl
MapLUPyTU3aLMmM NO KpaTHailuum NyTsM, COBEPLUAA Npu 3TOM
obmen O(N?) coobwenusmu n nepegasas O(N? - W) buTtos
nHdopMaLMmM NO KAXKAOMY KaHany CBA3M, uMmes, Takium obpasom,

KOMMYHUKaLuoHHyto cnoxrocTs O(N? - |E|) n 6uTosyto cnoxHOCTb
O(N? - |E|W) .



Anroputm Mepnuna-Curanna

3apaun.

1. Hanuwwure ncesgokoa gns anroputma Mepauna—Curanna.
[okaxuTte ero koppekTHoCTb. OnpeaennTe OLEHKY CNOXHOCTY
anroputma Mepnuna—Curanna no uncny coobiieHuii u no
4ncny nepecoliaeMbix buTos.

2. TMokaxnTe, 4o (NpOMEXyTOYHbIE) Tabanubl MaplupyTU3aLun,
Bblducnsiemble anroputmom Mepnuna-Curanna, ecerga
OCTalOTCS aLMKINYECKAMU HA MPOTS>KEHUM PaboThbl
anropuTMa.

3. Hokaxkute Teopemy 5.6.



Anropuntm Hangn—Muwucpesl

Anroputm Yanaum u Mucpbl BblYUCASET BCE KpaTyalilune nyTu K
3a[aHHON BEpLINHE-aApPecaTy Ha OCHOBE NpuHUmMna Anddy3HbIX
goidncnennii . CyTb ero Takoea: pacnpefesieHHOe BblYnCneHmne
HAYMHAETCA B OAHON-€ANHCTBEHHON BEPLUMHE, N APYrMe y3abl CeTn
NOOYEPEAHO NPUCOEANHAIOTCS K BbIHUCAEHNIO TOABKO NOCAE
noflyueHus cooblueHns.

Y7106bl BEINNCANTE PAaCCTOAHNE OT KaXKAOW BEPLUMHBI A0 3aAaHHOMO
y3na vy (a TakKe NpeanoyTUTENbHBIA UCXOAAWNIA KaHan CBA3N),
KaXKAbl y3€N U yCTaHaBANBAeT HavYanbHoe 3HadeHue D, [vp] = oo n
OXUAAET NONYHEHUS COOBLLEHNA.

V3sen vy otnpasnsier coobwenne (mydist, vp, 0) Bcem ceonm
coceasam. Kak TonbKo BepluMHa U noay4aer cooblieHme

(mydist, vy, d) oT cocega w un ybexpgaetcs B ToM, H4TO
BbINOJIHAETCSA HepaBeHCTBO d + wy,, < D,[vo| , 3HaveHnem
nepemenHoin D, [vy| cranoBuTcs cymma d + w,y, , 1 BCEM coceasm
BepLNHbI U oTnpasasieTcs coobermne (mydist, v, Dy [vo]).



Anropuntm Hangn—Muwucpesl

var D,[vp] : Bec init oo ;
Nby[vo] : BepwwuHa init udef ;

Tonbko ans BEPLWNHBI Vp:
begin D, [w] :=0;
forall w € Neigh,, do send (mydist, vp,0) to w
end

ObpaboTka coobuwerus (mydist, vo, d),
MOJIyYEHHOTO BEPLUMHONA U OT COCeAa W:
{ (mydist, vo, d) € M, }
begin receive (mydist, vy, d) from w ;
if d+wuw < Dy[wvo] then
begin D,[w] :==d + wuw ; Nby[vo] :==w ;
forall x € Neigh, do send (mydist, vo, D,[w]) to x
end
end



Anropuntm Hangn—Muwucpesl

3agaun.

1). dokaxkute, 4TO npuBeaeHHas Huxe popmyna 3agaer

MHBapuaHT anroputmMa HYanau-Mucpbl BolYnCaEHUS NyTeid,
BeAyLLMX B BEPLUNHY Vo.

Yu, w: (mydist, vp,d) € M, = d(w, w)<d
A Yu:d(u, vo) < Dyl

MpueegnTe npumMep BbINOJHEHNUS, B KOTOPOM KOJMNYECTBO
0bMEeHOB COODLLEHNAM IKCNOHEHLWANBHO 3aBUCUT OT YUCAA
KaHanoB B CETW.

. Wicnonbays uneapnanT, gokaxute, 4to 3Haverune Dy[v]

BCErpa sSIBNSIETCS BEPXHeN oueHkoii Benunymnibl d(u, vp), T.e.
d(u, vp) < Dy[w].



Anropuntm Hangn—Muwucpesl

3apauun.

3).

NokaxunTe, 4TO B pamkax gonywerus cnaboii cnpasegnnsocTu
0 TOM, YTO B J1t0DOM BbIMONHEHNN KAXKL0E OTNPaBAEHHOE
coobLueHne paHO Win no3gHo byaeT nonyyeHo, B Ntobom
Bblyncaenun anropntma Yangun—Mucpel gocTuraetcs Takas
KOHUIypaumns, 4TO B KaXKOM y3/€ U BbINOJHSAETCA
nepasencTeo Dy[vp] < d(u, w). Otcroga cnegyer
KOPPEKTHOCTb 3TOr0 anropuTMa

. Hokaxute, yto Anroputm Yanagu—Mucpbl Bblqucasiet

TabnuLbl MapLWpyTU3aLNU C HAUMEHBLUNM YUC/IOM 3BEHBLEB
cosepluas npu sTom obmen O(N?) cooblueHnsmu u nepesasas
O(N? - W) 6uTos uHdpopMaLmm no KaxxaoMy KaHany CBS3W .



Anropuntm Hangn—Muwucpesl

3apgauun.

5). B onucanun anroputma Hangu-Mucpsl He ykasbiBaeTcs, Ao
KaKUX MOp LOJKHO MPOBOAUTLCA BbIHUCAEHNE MAPLLPYTOB B
Kaxgom npouecce. JokaxuTe, B8 noboii KoHdurypauun
noboro BbinosHeHnsa anroputma Yanan—Mucpbl
MPOMEXYTOYHbIE TabAMLBI MapLUPYTU3ALUMN ABISAOTCS
auukanyeckumm. Yto Hy>kHO fobaBUTL K anropuTmy
Yanan—Mucpsl, na Toro 4tobbl KaXkablii npoLecc mor
y3HaTb, YTO NOCTPOeHue Tabany MapLpyTu3auum B CeTH
3aBepLUEHO.



KOHEL, NEKLUW 5.



