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3apaya n gonyLwieHns
BepHémcst K 3aa4e Bhluucaenus Tabaul, MaplipyTunsauu: TpebyeTcs B
KaXX[OM Yy3/1e S p.C. ANst KaXXA0ro y3na-aapecaTta d BbIYUCIUTL 3HaYeHne
tables[d] cnepytollero y3na onTrmanbHoro nytm us s B d
Ana onpefenéHHOCTY NONOXKUM, YTO ecn S = d uan d HeAOCTUXKIMO U3 S,
To tables[d] = L
Bynem ncnonb3oBaTb Takue OCHOBHbIE JOMYLLEHNS:
1. CnpaBegnuBbl OCHOBHbIE AOMYLLEHNA B 3aJa4e MapLUpyTU3aLmm
2. CnpaBeanuBbl NONOXEHNS1 06 yCTpolicTBe BeCOB pébep (kKaHanoB) U
BecoB nyTeit u3 anroputma ®noiiga-Yopuenna
3. Kaxkablii UMK B CETU UMEET MOJIOKUNTENbHbIV BecC
padp Tononorun umeet Bug I = (V, E), n we — BeC KaHana e
5. Kaxkablii y3en v 3HaeT
P> yMeHa BCEX y3N0B 1 UX Nopsigok (Vi, ..., V,), OAVHAKOBLIA 4151 BCEX Y3108

> umeHa cBoux coceneii: MHoxxecTBO Neigh,
» Beca KaHanoB, COEAUHSIIOLLIMX ero C COCeasiMU

&

ObceyxaeHne anropuTMa Tyara NpUHSATO HAaYMHATL C €ro YNPOLEHHOIA

Bepcun (AN NyHLIEro BOCNIPUSATUS)
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YnpowéHHbii anropntm Tyara

OcHoBHbIE OT/INYUS YNPOLLEHHOMO anropuTMa Tyara oT anropuTma
®noiliga-Yopuenna:

> [lepeMeHHble 1 ONepaLyn HaZ HUMU «Pa3HECEHbI» MO y3/1aM CEeTH:
3HaveHue p[s, d] = ps[d] BbluncnseTcs B rg[d] B y3ne s

» [lepen obHOBNEHNEM 3HAUYEHUS NEPEMEHHON rs Yy3€n S NOAYyHaeT BCHO
HeobX0AMMYHO MHMOPMALIMIO N3 COODLLEHWT

» Hdopmaumsi 06 ONOpHOM y3ie vV, OTNPaBASeTCs BCEM Y31aMm npu
nomMoLLn KoMaHabl «broadcasty :

» npw BbINONHeHNM broadcast(x) oTnpaBnstoTCs coobleHus x co
BCEBO3MOXHbIMI afjpecaTaMu, KpOMe y31a-oTrnpasnuTens

> B y3ne s BbINUCASIOTCSA He ToNbKO TpebyeMble Beca (ps B s), HO U
3HaveHns Tabauusl MappyTusaunn (tables B Ts)
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YnpowéHHbii anropntm Tyara

OntumanbHeiM W-nyTém 13 s B d Ha3oBéM W-nyTb 13 s B d HauMeHbLLEero
Beca cpeaun scex W-nyteih n3 s 8 d
Jlemma (06 otcyrcTtBum umknos). Myctb:

» CnpaBen/inBbl OCHOBHbIE A0NYLLEHUS
» 3apaHbl MHOXeCTBO y3noB W n y3en d
» Ecim p"[s, d] < oo n s # d, To T5[d] — ums y3na, cneayiowero 3a
S B KaKOM-/mb6o ontumasnbHom W-nytm un3 s B d
» 4= (V4 Ey) — oprpady, B KOTOpOM:
> Vy={s|seV, p"[s d] < oo}
> Eg={(s,v)|(s,v) € V2, s#d, 75[d] =v}
Torpa 'y — aepeBo ¢ kopHeMm (cTokom) d
Vnnoctpayns (ans W = {v1, w}):

1 Vi 1 Vi
N 1 < N

d 2 Va— Vg lg: d V3
N S AN
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YnpowéHHbii anropntm Tyara
JlokazaTenbCcTBo.

Mo nemme o noanyTsx, ecan ans yana s sepHo pV[s, d] < cou s # d, 1o
Ts[d] =v # L

CnepoBaTensHo, anst kakaoro y3na s € Vy \ {d} cywectsyet
(emnHcTBeHHbIR) y3en v € Vg, Takoih 4To Ts[d] = v

To ecTb anst kaxgoro s € Vy \ {d} B Ey4 cyllecTByeT eUHCTBEHHAs Ayra
BMAA S —

[Mpun 3TOM No noctpoernto n3 d B [y HE NCXOAUT HW OAHON Ayru

CnepoBaTensHo, |Eq4| = |Vy| — 1
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YnpowéHHbii anropntm Tyara
JlokazaTenbCcTBo.

[pegnonoxxum oT npoTusHoro, 4To B [y He aepeBo
Torpa B Iy cyllecTByeT UMK (ANS1 ACHOCTU — Vi —> =+ - —> Vg —> V1)
[ns noboro kaHana (x, y) € Ey4 sepro p"(x, d) = W(x,y) T oY (y, d)

3Ha‘-IVIT, BEPHO pPaBEHCTBO
pW(V].v d) = w(Vl,Vg) + w(V2,V3) + U + w(vk,l,vk) + w(vk,vl) + pW(Vlr d)

Ho Toraa Wiy, v) + W) T+ Wym) T W) =0 — 8 T4
COAEPXKMNTCS UMKA Beca 0, 4TO MpoTUBOPEYNT [ONYLLEHNIO 3

CnenoatenbHo, [y — rpacd 6e3 LUMKIO0B, B KOTOPOM KOMMYECTBO Ayr Ha 1
MeHbLLE KOIMYEeCTBa BEPLUWH, TO eCTb Aepeso ¥
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YnpowéHHbii anropntm Tyara

VYNPOLLEHHBIN anropnTm Tyara: KaXkaoMy y3/y S oTBeYaeT cleaytowmnii ko

1. Ws:=0;

2. [nsa kaxpgoro v € V:
21 Ecmv=s rfv]:=0; Ts[v]:=1;
2.2 Ecnm v € Neighs:  rs[v]:==ws.y:  Ts[v]i=v;
2.3 Whave:  rs[v]:=o00;  TS[v]i=L;

3. TMoka Ws # V:

3.1 TlMpowuseonbHo BeibpaTh v € V' \ Wi
(onopHbIl y3en, OANHAKOBbLIA 4151 BCEX Y3/10B)

3.2 Ecnu v = s, T0 broadcast(rs), nHade receive,(r,)
3.3 Insa Bcex d € V:

3.3.1 Ecn rs[v] + n[d] < rs[d]:  rs[d]:=rs[v] + nld];  Ts[d]:=Ts[v];

3.4 Ws:=WsU{v}

4. BblgaTb OTBET: ps = Is, tables = Ts
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YnpowéHHbii anropntm Tyara

Teopema (koppekTHOCTb). Jlt060€e BblYMC/IEHUE YNPOLLEHHOIO
anroputma Tyara B OCHOBHbIX [0MNYLLEHUSAX KOHEYHO, B NocneaHein ero
KoHdurypaumm ans nobbix y310B S, d BEPHO

> rs[d] = ,O[S, d] n

> ecnm p[s, d] < co m s # d, To T5[d] = tables[d],
n ecnn rpach G cBsi3eH, To Tabnuubl Ts B nocaeaHed KoHcurypauymnm
rapaHTUPYIOT AO0CTAaBKYy NAaKeTOB Ka)XJ0My azpecaTty
JlokazaTenbCcTBo.

3aBepLIAEMOCTb U KOPPEKTHOCTL 3HaYveHUli rs[d] cneaytoT n3 koppekTHOCTY
anroputma Pnoiiga-Yoplienna

KoppekTHOCTb 3HaueHnit Ts[d] cneayeT U3 TOro, YTO OHW UMEHSIOTCS
HEMOCPEACTBEHHO NMOC/E USMEHEHNST COOTBETCTBYIOLWWX r5[d], 1 npw
N3MeHeHN B Ts[d] npucBanBaeTcs cnefytownii y3en B nyTn Beca rs[d]

[apaHTus [OCTaBkM NakeToB obecneymBaeTcs leMMoll 06 OTCYTCTBIN
LUMKIOB U NIeMMoli 06 auukandeckmnx Tabamuax v
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Anropntm Tyara
K coxaneHuto, anropuT™ Tyara, COrnacHo pacCcka3saHHOMY celidac B
JNIEKUUSAX, HepeanncTuyeH n3-3a koMaHabl broadcast

OCMbICANTL 3Ty KOMaHAY KaK peasncTUYHYO NOMOrYT 0DCy»XAatoLLmecs
NMo3>ke BOJIHOBbIE a/IFOPUTMbI, HO MOKa He ByaeM MCNONb30BaTb UX B
aprymeHTauumu

Torpa, 4Tobbl N3bexaTb HEPEANIMCTUYHOCTY, MOXXHO UCMOJIb30BaTh
cnepytollee HabnroaeHne

Ecnn pns onopHoro ysna v BepHo fs[v] = 0o, To Ans Kakaoro ysna d BepHO
rs[v] + r/[d] = oo > rg[d], v B (3) npu BbIGOPE Takoro onopHoro ysna v
Tabavua MaplupyTu3aunm s Ha aToli nTepaunn urkna (3) He U3MeHsIeTCsl

MoaTomy BbinonHeHne broadcast(rs) B (3.2) MOXKHO 3aMeHUTb Ha
pacnpoCTpaHeHune rs Mo KaHanam Tekyllero gepesa [, OT KOpHs:

> V3en v oTnpaBasieT r, BCEM CBOUM AeTsam B [,

» Kaxablii apyroii y3en Iy, nony4mB r,, nepecbinaeT 3TO 3HaYeHNe BCEM
cBouMm getsam B [,
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Anropntm Tyara

B Hauane (3) c onopHoii BEPLUVHON V KaXkablid y3es S, A1t KOTOPOro BEPHO
ds[v] < oo, 3HaeT cBoero poanTenst B Iy, HO He 3HAeT feTeil Anst OTNPaABKY
rv

YT106bl KaXKablli y3en y3Han o CBOMX fAeTsix B [, 1OCTaTOYHO «3aCTaBUTbY»
KaXKAblil y3en w nocnaTb BCEM CBOUM COCefsiM COODLLeHe O TOM, SIBASIETCA
NN 3TOT cocep poauTenem ysna w B [,

[Tony4nB Takne coobLLEeHUST OT BCEX coceAell, KaXKablii y3en S y3HAET O BCeX
cBoux petax B [y,
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Anropntm Tyara

Nuunuymanusaums B y3ne s (/nits):
1. Ws:=0;

2. Onsa Bcex d € V:

2.1 Ecm d = s:
2.1.1 r[d]:=0;
2.1.2 Ts[d]:=1;

2.2 Ecan d € Neighs:
2.2.1 rs[d]::w(s,d);
2.2.2 1[d]:=d;

2.3 VHayve:
2.3.1 rs[d]:=o00;
2.3.2 Ts[d]:=1;
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Anropntm Tyara
BuisiBnenue pereii B y3ne s ansa onopHoro y3sna v (Childrens(v)):

1. Ons Bcex w € Neighs:
1.1 sendy(par, v, (7s[v] = w))

2. N,:=0;: Chs:=10;

3. Moka N, < |Neigh,|:
3.1 receivey (par, v, b) ot noboro w € Neigh,
3.2 Ecam b: Chg:= Chs U{w};
33 N,:=N, +1;

CoobueHue (par, v, t) OT S K W 03Ha4aeT, HTO W SBASETCH POAUTENEM S B
Iy, a (par, v, f) — 4To He siBNseTCA

[leTv y3na s B [, — 3T0 BCe cocean S, KOTOpble OTNPABUAN eMy COOBLLEHME
(par, v, t)
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Anropntm Tyara

YT1o4HeHne Tabany, MapLipyTu3aumm B y3/e S 1t ONOPHOro y3na v
(Recomputes(v)):
1. Ecnm rs[v] < oot
1.1 Ecnms #£ v:
1.1.1 receiver,(tab, v, r,)
1.2 ns Bcex w € Chs:
1.2.1 send,(tab, v, r,)
1.3 Onascex d € V:
1.3.1 Ecmm rs[v] + r[d] < rs[d]:

rs[d]:==rs[v] + r[d];
Ts[d] :=Ts[v];

VY3en v pacnonaraet Tabnuueli r, n OTCblaeT e€ BceM agetam B [,

Kaxablii apyroii y3en nonyyaet r, oT poautens (1 Tenepb MOXeT eé
CNONb30BaTh) W NEPECLINAET AETSAM

CnepoBaTenbHO, KaXablid y3en n3 M, paHo nanm no3gHo BbinoaHnT (1.3),
pacnonarast Tabavuei r,
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Anropntm Tyara

Anroputm Tyara (NOMHbIA): KaXKAOMY Y31y S OTBEYAET CNefytoLmnii Koa
1. Inits
2. TMoka Ws #£ V:

2.1 Bbibpatb v € V' \ Wi
(onopHbITi y3en, obLwid AN BCEX Y3M0B CETH)

2.2 Childrens(v)
2.3 Recomputes(v)

24 Ws:=WsU{v}
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Anropntm Tyara
Teopema (koppekTHOCTb). Jlto6oe BblumcieHune anroputma Tyara B

OCHOBHbIX OO0NYyUWEHNAX KOHEYHO, B nocsiegHei ero KOchlnrypau,mm ansa

Jo06bIX y3/10B S, d BEPHO
> rs[d] = p[S, d] n
> ecnm p[s, d] < co m s # d, 1o Ts[d] = tables[d],
n ecan rpach G cBsi3eH, To Tabnuubl Ts B nocaeaHei KoHcurypaumnm

rapaHTupyloT A0CTaBKy NaKeTOB KaXK[oMy afpecaTty
HokazaTenscTteo. Cneayet u3

» KOPPEKTHOCTU YMPOLLEHHOTO anroputMa Tyara,

> koppekTHOCTW npoueaypbl Childrens(v) (cm. Huxe): nocne eé
BbINoAHeHUst Chs — 3TO MHOXECTBO BCex aeTeli sB Iy, — un

P NOACHEHU 06 0COBEHHOCTSX BbIMONHEHUS KOAA, CAENAHHbIX
HemnocpeACcTBEHHO MOC/E KOAA

KoppekTHocTb npoueaypbl Childrens(v) cnenyeTt n3 onpeaenenus aepesa [y,

N TOro, 410 y3en w — pe6éHOK y3/J1a S B 9TOM [epeBe < W — cocef S ”
S — poanTtenbs w 'V
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Anropntm Tyara
Teopema (cnoxHocts). Anroputm Tysra umeeT KOMMYHNKALMOHHY
cnoxHocts O(nm) u 6utosyto cnoxhocts O(n*w), rae n = |V|, m =
M W — 4ncsio GUTOB, NCMNOJIL3YIOLLEECS A1 3aMUCN OAHOTO NMEHM
BEPLUMHBI N ofHOro Beca nytu. Kpome Toro, npu BeinosHeHnn
anropuTma

10]
|E]

> B Kaxpablii kaHan otnpasnsietcs O(n) coobwennii n O(n’w) 6mTos

> AN XpaHeHWs1 BCEX TEKYLUMX 3HAYEHWIA B y3/1€ NCMO/b3YeTCs
O(nw) 6uToB NamsATK
JlokazaTenbCcTBo.
[ns kaxoi onopHoli BEPLUMHBLI V B KaXKAblVi KaHan OTnpaBnsoTca
> 2 coobleHnst Tuna par (No OAHOMY B KaXKAOM HamnpasfieHnu) 1
» He bonee 1 coobuleHns Tuna tab
CoobueHune Tuna par cogepxxut O(w) 6utos, Tnna tab — O(nw) 6uTtos

Bcero nepebupaeTtcst n onopHbIX BEPLUVH
13 3TOro cneaytoT OLEHKN CAOXKHOCTU ANs1 KaHana
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Anropntm Tyara
Teopema (cnoxuocts). Anroputm Tysra umeeT KOMMYHMKALMOHHYIO
cnoxHocts O(nm) u 6utosyto cnoxhocts O(n*w), rae n = |V|, m = |E|
M W — 4ncsio GUTOB, NCMNOJIL3YIOLLEECS A1 3aMUCN OAHOTO NMEHM
BEPLUMHBI N ofHOro Beca nytu. Kpome Toro, npu BeinosHeHnn
anropuTma

> B Kaxpablii kaHan otnpasnsietcs O(n) coobwennii n O(n’w) 6mTos
n

> AN XpaHeHWs1 BCEX TEKYLUMX 3HAYEHWIA B y3/1€ NCMO/b3YeTCs
O(nw) 6uToB NamsATK

JlokazaTenbCTBO.

Camble 0ObEMHbIE €VHOBPEMEHHO XPaHALLNECS AaHHbIE: I, fy, Ts —
copepaT O(n) 3Ha4eHWd pa3mepa w, OTKyAa ClefyeT OLeHKa
ncnonb3yrowmxcst 6utos namsatu O(nw)

KOMMYHNKaLMOHHAsA CNOXKHOCTb noayvaeTcs n3 cnoxxkHoct O(n) ans
OAHOrO KaHana AOMHOMEHWEM Ha YNCNO KaHaNoB m
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Anropntm Tyara
Teopema (cnoxHocTtb). Anroputm Tyara umeeT KOMMYHMKALLMOHHYIO
cnoxHocts O(nm) u 6utosyto cnoxhocts O(n*w), rae n = |V|, m = |E|
M W — 4ncsio GUTOB, NCMNOJIL3YIOLLEECS A1 3aMUCN OAHOTO NMEHM
BEPLUMHBI N ofHOro Beca nytu. Kpome Toro, npu BeinosHeHnn
anropuTma
> B kaxpabl kaHan otnpasnsietcs O(n) coobwennii n O(n’w) 6mutos
n
> N5 XpaHeHUs! BCEX TEKYLLMX 3HAYEHWUI B y3J1€ UCNOJIb3YeTCs
O(nw) 6uToB NnamsATK
JlokasaTenscTBo.
BuTtosasi cnoxHocTb
py BbINOSHEHWI aNrOpUTMa CYMMAapHO B KaHasbl OTNPaBAseTCs 2nm
CoOBLLEeHNIA TUNa par: oLeHKa ANst OAHOIO KaHana, MOMHOXXEHHAs Ha HKCIO
KaHanoB
Pa3smep kaxzoro Takoro coobuyenuss — O(w)
CymmMapHoe yncno 6uToB B Takux cooblyernsax: O(nmw)
C y4&TOM N3BeCTHOro HepaseHcTBa anst rpachos m < n> — O(nw)
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Anropntm Tyara
Teopema (cnoxHocTtb). Anroputm Tyara umeeT KOMMYHMKALLMOHHYIO
cnoxHocts O(nm) u 6utosyto cnoxhocts O(n*w), rae n = |V|, m = |E|
M W — 4ncsio GUTOB, NCMNOJIL3YIOLLEECS A1 3aMUCN OAHOTO NMEHM
BEPLUMHBI N ofHOro Beca nytu. Kpome Toro, npu BeinosHeHnn
anropuTma
> B kaxpabl kaHan otnpasnsietcs O(n) coobwennii n O(n’w) 6mutos
n
> N5 XpaHeHUs! BCEX TEKYLLMX 3HAYEHWUI B y3J1€ UCNOJIb3YeTCs
O(nw) 6uToB NnamsATK
JlokasaTenscTBo.
BuTtosasi cnoxHocTb
Mpy BbINOJHEHWI aNropuTMa CyMMapHO B KaHasbl OTMPaBAsieTcst He Honee
n? coobuieHunii Tuna tab: n OMOPHbIX BEPLUUH, U AN Kaxoli — He bonee
dem (n— 1) (konnyecTBo pébep B Aepese Iy)
Pa3mep kaxzoro Takoro coobuleHust — O(nw)
Cymmaptoe 1ucno 6utos: O(n?nw) = O(n3w)
Cnoxue oueHki ans par 1 Tuna tab, nonyunm ouerky O(n*w) v
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Anropntm Tyara

[.3. 1. 3auem B anroput™Mme Tyara Bo BCEX COODLUEHUSX NepeaasTcss UMs v
OMOpPHOW BeplNHBLI? MOXXHO 1 He NepefaBaTh V XOTs Obl B KAKUX-HUOYAb
13 coobLeHnii? Ecnm HeT, To nodemMy anropuT™M NepecTaHeT ObIThb
KOPPEKTHbIM?

0.3. 2. MoXHO 1 MOANMULNPOBATL aNropuTM Tak, 4ToObl He NepegaBaTh
coobueHust (par, v, ), MOTUBMPYS 3TO TEM, YTO y3€/1 MOXET MO YMOSHAHNIO
noflaraTb, 4YTO y Hero HeT geTeli? Ecan HeT, To noyemy anroputm
nepecTaHeT OblTb KOPPEKTHBLIM?
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Anropntm Tyara

Anroputm Tyara
» OTHOCUTENLHO MPOCT,
> MeeT HEBbLICOKYIO CII0KHOCTb 1

P> BbIYNCASAET BeCa BCEX ONTUMAJbHbIX nyTeM

Ho oH nmeeT 1 HepoOCTATKM:

» [Ipy N3MEHEHUN TOMOAOIMK CETU TPebyeTCs MepeBbIYNCASATL BCE «C
HONIST»

» Jlo/xHbl BbITh 3apaHee corfacoBaHbl MHOXXECTBO V/ 1 nopsaok Bbibopa
OMOPHbIX BEPLUWH

» [Ipu nepeBbIYNCIEHNN 3HAYEHWU Fs NCNOABL3YeTCa Tabnuua r,, KOTOpYo
MOTYT He 3HaTb HW Y3€N S, HW ero coceau, U B XyALleM cny4dae cneayeT
pacnpoCTpaHnNTb 3Ty Tabauuy No BCel ceTu
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