>uvTouoTEPEC AladPOEC

AnunNTenG PwWTAKNG

>X0AN HAekTpoAOYWV Mnxavikwv
Kal Mnxavikwv YNoAoyloTwV

EBviko MeTooBio MoAuTtexveio




>uvTopoTEPN Aladpoun

O KateuBuvopevo G(V, E, w) pe unkn w : £ — IR
B Mnkoc 81adpopnS p = (vg, v, ..., k) w(p) = Sk w(v_1,v;)
B Anoortaon d(u, v): HNKoc cuvTodoTeEPNC U — v d1adpounc.
B Av dsv undapyel u — v diadpopn, d(u, v) = .

O ZnToUPEVO: anooTAoEIC KAl OUVTOUOTEPEC O1adPOoUEC ano
apxiKn KOPUEPN S NPoC OAEC TIC KOPUPEC.
B OcpeAiwdec npoBAnua ouvduaoTIKNG BeATIOTONOINONC.

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019) SuvTouOTEPEC Aladpopeg 2




KukAol ApvnTiKkoUu Mnkouc

O Aiadpopun: akoA. KOpupwv 0nou d1adoxXIKEC OUVOEOVTAl JE aKuN.
O MovokovOuAia: diadpopn Xxwpic enavalapBavouevec akuec.
O (AnAoO) povonaTi: diadpoun Xwpic enavaiauBavoueveC KOPUPEC.
B Ynapxel diadpopun u — v avv unapxel povonarTt u — V.
O >uvTtopoTepn O1adpopn €ival HOVOMATI EKTOC AV...
B Yndapxel KUKAOC apvnTikou pnkoug!
B  Anootaoceic 0gv opifovTal YIAaTi CUVOAIKO UNKOC 01adpouNng
UOOPEl va PYeIwVETAl €N’ aneipo!
B KUKAOC apvnTIKOU PJAKOUC
o€ kanoia u — v diadpopn
= d(u, v) = —oo.
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>uvTouoTEPpa MovonaTia

O Avp = (v, Vq, ..., Vi) EIVAl CUVTOPOTEPO POvVONATI, KABE
V; = V; TUNHKA TOU QNOTEAEI GUVTOMOTEPO V; — V; HOVONarl.
B Apxn BeATioTOoTNTAG.

0 >uvTopOTEPA PovonaTia ano S NPOC OAEC TIC KOPUPEC:
AevTpo ZuvTopoTeEpwV MovonaTiov (SPT, AZM).
B Av QUVTOMOTEPA S — V,; KAl S = V, JOVONATIA £X0UV KOIVN
Kopu®pn u, xpnoigonoiouv (id10) CUVTOUOTEPO S — U POVONATI.
B A>M avanapioraTal ge
nNivaka YOvEwVv.

>
-9

SUVTOHOTEPEC AIadPONES 4

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019)




>uvTouoTEPpa MovonaTia

O TauTiletal AZM pe EZA;

O 'EoTtw ouvToupoTepa povonaria ano s o G(V, E, w).

B Ti oupBaivel o G(V, E, kw), k > 0;
B T oupBaivel og G(V, E, kw), k < 0;
B T oupBaivel oe G(V, E, w+k), k > 0;
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AMooTAoEIC

[0 ARNOCTAOCEIC IKAVOMNOIOUV TNV «TPIYWVIKI aVIoOTNTAa» :
Y(v,u) € E, d(s,u) < d(s,v) + w(v,u)
Yo,u €V, d(s,u) <d(s,v)+ d(v,u)

B [ooTnTa IOXUElI avVv OUVT. S — U JovonaTl neplexel akun (v, u)
(avTioToIXa, OIEPXETAl ANO KOPUPN V).

-
-9
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YNoAoyIOuUOC
>uvTopOoTEPpWYV MovonaTiwVv

0 Ailatnpoupe «anaiolodoén» ektipnon D[u] via d(s, u).
B Apxika: D[s| =0 2zou Dju] =00 Yu eV \ {s}
plul =NULL Yu eV
B AAyopiBuoc eEstalel akpec (v, u) kal avanpooappolel D[u].
Av Dlu] > D{v| + w(v, u), t6te D{u] < Dv] + w(v, u)
pluj < v
O D[u] = yNKoC CUVTOUOTEPOU YVWOTOU S — U JovonaTiou.
B Enaywyika: av IoxUel npiv TeEAeuTaia e€eTtaon akunc (v, u),
IoxUel kal geTa agou D{u] < min{D|ul|, D|v] + w(v,u)}
m avra Dfu] > d(s,u), vouw D]u] = oo av #s — u povomd.
B 'OTav aKPEC OUVTOUOTEPOU S — V JovonaT. EEETAOTOUV UE TN
ocipa, yiveral D[u] = d(s, u) kal dev YEIWVETAl OTO HEAAOV.

OO0 >uoTnuaTikn €€E€TA0ON AKUWV KAl KPITAPIO TEPUATIOUOU.
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AAyopi8uoc Bellman-Ford

[

Ll

«Anaioiodo&n»

ekTipnon D[ul.

B TeAoc kaBe paong i,
D[u] < D[u, i]

>e@aoni=1, .., n-1,

kaBe akun e€eraleTal

uia gopd.

EninAeov ¢aon vyia

eAEYyX0 UNapénc KUKAou

apVvNTIKOU PNKOC,

Xpovocg ekTeAeonc ©(nm).

Bellman-Ford(G(V, E, w), s)
for all u € V do
Dlu] < o0; plu] + NULL;
D|s] < 0;
for: < 1ton—1do
for all (v,u) € E do
if D[u| > D[v] + w(v, u) then
Dlu] < D|v] + w(v, u);
plu] — v;
for all (v,u) € E do
if D|u] > D[v| + w(v, u) then
return(NEG-CYCLE);
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AAy. Bellman-Ford: Mapadeiypa

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019) SuvTouOTEPEC Aladpopéc 9




AAy. Bellman-Ford wc DP

O Id€a: dokiun oAwv TwV akpwyv o€ kabe nibavn B€on vyia
OUVTOMOTEPO S — U JovonaTi (TauTtoxpova yia OAeC TIC u).
B D(u, i) = UNKOC CUVTOUOTEPOU S — U PJovon. JE < i aKpEC.
B Apxika D(s, 0) = 0 kat D(u, 0) = o via kKabe u # s.
B Ano 2M pe < i akueg o€ 2M pe < i+1 akpec:
D(u,i+ 1) = min{D(u,%), min {D(v,7) + w(v,u)}}

v:(v,u)€EE

B (AnAO) povonaTi exel < n - 1 akpec = D(u, n-1) = d(s, u)
D(u, n) < D(u, n-1) avv KUKAOC apvnTIKOU HNKOUC.

B YnoAoylopog TiHwV D(u, i),
ueV,i=1, .., n, UE
OUVAMIKO
nPOYPAHHATIOHO.
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AAy. Bellman-Ford: OpBoTtnTa

O Av Ol KUKAOC apvnTikou pnkouc, D[u] = d(s, u) ato TeEAOC.
B >SUVTOUOTEPO S — U JOVONATI S = V,, Vy, ..., V|, = U JE Kk aKlEG.
B FEnaywyikn unob.: Tehog oaong i-1, D[v, ;] = d(s, v, ;).
B Telog @aong i: e€etaon akung (v,._4, v,) kai D[v,] = d(s, v,):
d(s,v;) < D|v;] < Dlv;_1] + w(v;_1,v;)
= d(s,v;_1) + w(v;_1,v;) = d(s,v;)
B Teloc paonc n - 1: D[u] = d(s, u) yia kabe kopupn u.
D[u] dev peiwveTal aAAo, apou navrta D[u] = d(s, u).
B AAyOpiOuoc dev NIOTPEPE!
evOEIEN YIa KUKAO apvnTIKOU
LUNKOUC.

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019)




AAy. Bellman-Ford: OpBoTtnTa

0 Av KUKAOC apvnTIKOU JNKouc, evOsl&n oTo TEAOC.
B 'EoTw KUKAOG apvnTIKOU PHNKOUG Vg, Vy, ..., V1, V, (= V,)
npooneAdciyoc ano s.
B ExTipnosig D[v,] nenepacpueveg oTo TEAOG paong n-1.
N A\{ OxI &':v6€|E|:], npenel otn D[vi] < Dlvi_1] + w(vi_1,v;)
(pacn n yia Kabe v, aTovV KUKAO:

B AOpoilovTac KaTa PeEAN:
k k

k k
Y Dlu] <> Dvia] + > wvig,v) = > w(vi_1,v) >0
i=1 i=1 i=1 i=1
B ‘Atono! Apa o aAyopiBuoc
ENIOTPEPEI eVOEIEN VIA
KUKAO apvnTIKOU HNKOUG.
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>uvTtopoTepa MovonaTtia o DAG

=

>e DAG, osipa su@avionc Kopupwyv o€ kabe povondari

(apa kal AZM) akoAoubBei TonoAoyikn diataén!

B ‘Eotw TOonoAoyikn 81ataén s = vy, Vo, ..., V.

O ) = min (ds) ()

Kopupec evracoovTal oto AZM pe ggipa TonoAoy. d1aTa&Nnc

Kal eEeTalovTal eEEPXOUEVEC AKHEC TOUC (Hia popd kaBe akun!).

B OpBornTa pe enaywyn (napopola ue Bellman-Ford).

B FEnaywyikn unoB.: akpifwg npiv Tnv evraén Tou v, oto AZM,
loxuer oTi D[v;]=d(s,Vv;) yia kabe j = 0O, ..., k.

B AxkpiBwg npiv evraén v, ,, oro AxM, D[v,,,]=d(s,v,, ;) apou

Dlvg1]=  min  {Dlv;] + w(vj, vgi1)}

v (v, vp+1)EE
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>uvTtopoTepa MovonaTtia o DAG

ShortestPath-DAG(G(V, F, w), v1)
“Eotw tomohoywwy OLATaEn vy, Vs, . . ., Up;
for j < 1 ton do
D|v;] < o0; plv;] < NULL;
[0 Xpovoc ekTeAeonc: Dlvi] + 0;
ypqppu(c')g, ©(n+m) for 9 < 1ton—1do
for all (v;,v;) € E do
if D[’Uz] > D[’Uj] -+ ’U)(’Uj, ’UZ') then
Dlv;] = Dlv;| + w(v;, vs);
plvi] < v;

0 Xpnoigonoleital kai
Yy1a UNOAOYIONO
HAKPUTEPWYV HOVONaTiwy.
B Av G(V, E, w) akuKAIKO,
P HAOKPUTEPO S — U PJOVONATI
avVv p OUVTOMOTEPN S — U
diadpoun oto G(V, E, —-w).
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Napadeiyua
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Napadeiyua

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019) SuvTouOTEPEC Aladpopeg 16




AAyopiBuoc Dijkstra

0 TaxuTepa av oxl apvnTika gnkn! AnoTeAei yevikeuon BFS.

B TayuTepa av undapyxel nAnpogopia yia osipd eu@avionc
KOpUPWV OE OUVTOUOTEPA povonarTia (kar AZM).

B Mn apvnTika JNKnN: Kopupec o€ auéouoa osipa anooraonc.
O Kopupec evtaooovTtal o AZM os auéouoa anooraon Kal
eEeTalovTal EEEPYXOUEVEC AKUEC TOUC (pia popda KaBe akun!).
B Apxika D[s] = 0 kal D[u] = o yia kKGBe u # s.
B Kopupn u ektoc AZM pe ehayxioro D[u] evracoeral o AZM.
B [a kaBe akpn (u,v), D[v] + min{D|v|, D|u| + w(u,v)}
O OpBornTa: oTav u evracoestal o AZM, D[u] = d(s, u).

B Mn apvnTika PNKN: KOPUPEC vV JE peyaAuTtepo D[v] o€
LEYaAUTepn anooTtaon kail dev ennpealouv D[u].
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AAyopiBuoc Dijkstra: MNapadsiyua
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AAyopiBuoc Dijkstra

0 AnAnoTtog aAyopiBpog.  Dijkstra(G(V, E, w), s)

O YAonoinon: for all u € V do

B EAaxioro D[v]: Dlu] = oo; plu] < NULL;
oupd NpoTEPAIOTNTAC. D[s] < 0; S <« 0;

B Binary heap: while |S| < |V| do
©(mlogn) u & S : D[u] = min,gs{D[v]};

m Fibonacci heap: S« SU{u};
@(m+n|Og n) for all v € Ad]LlSt[U] do

B FEAaxioro D[V] if D[v] > Dlu| + w(u,v) then
ypauuika: 0(n2). Dlv] < Dlu] + w(u, v);

plv] < u;
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KaTi pou Ouupilel ...;!

Dijkstra(G(V, E, w), s)
for all u € V do
D|u] < o0; p|u| ¢ NULL;
D[s] < 0; S « 0;
while |S| < |V| do
u & S : D[u] = min,gs{D[v]};
S+ SUu{u};
for all v € AdjList|u| do
if D[v] > D|u| + w(u,v) then
Dlv] + Dlu] + w(u,v);
plv] « u;

MST-Prim(G(V, E, w), s)

forallu € V do
clu] < oo; plu] < NULL;
c[s] < 0; S+ 0; A<+ 0;
while |S| < |V| do
u & S : clu] = min,gg{c[v]};
S+ Su{u};
for all v € AdjList[u] do
if v ¢ S and w(u,v) < c[v] then
clv] < w(u,v);
plv] < u;
if plu] # NULL then
A — AU{u,plul};

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019)
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AAyopiBuoc Dijkstra: EEeAiEn

O

O

AnooTtaon (Kdl OUVTONOTEPO JOVONATI) ano S NPOC KOVTIVOTEPN

(oTnv s), 2" kKovTIvoTEPN (OTNV S) KOPUPI, KOK.

> UVTOUOTEPA PJOVONATIA YIA KOVTIVOTEPEC KOPUPEC, UE

UNOAOYIOHMEVEC anooTaoelc, oxnuaTiCouv unodevTpo Tou AZM.

Enopevn kKovTivoTepn (OTNV S) KOPUPI €ival CUVOPIAKN KOpU®Pn.

B Juvoplakn Kopu®pn: dev avnkel o€ unodevTpo AZM Kkal €xel
EI0EPXOMEVN AKNN anod unodevTpo.

EKTIUNOEIC anooTaonc OUVOPIaK®WV KOpUPpwV diaTnpouvTal

g€ oupd NPOTEPAIOTNTAC.

> UVOPIaKN KOpUPn HE EAAXIOTN EKTIKNON anooTaonc «Byaiver»

ano oupda NPOTEPAIOTNTAC KAl MPOCTIBETAl OTO UNOJEVTPO.

B EKTIUNOEIC anooTaonc CUVOPIaGKWY KOPUPWV EVNUEPWVOVTAl PE
npooBnKn vVEac KopuPpnc oTo unodevTpo (yia eEEPXOUEVEC AKHEC TNC).
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AAyopi18uoc Dijkstra: OpBoTnTa

O ©.0.0 oTav kopu®n u evracoetal o AZM, D[u] = d(s, u).
B Enaywyn: eotw D[v] = d(s, v) yia kabe v ndén oto AZM.
B U eyxel eAaxioTo D[u] (ektoc AZM). 'Eotw oTi D[u] > d(s, u).
B p OUVTOMOTEPO S — U povonaTi Pe pnkoc d(s, u) < D[u],
Kal z TEAEUTAIa KopuUPn NpIV U OTO p:

Mnopei z oTo AZM;

d(s,u) = d(s,z) + w(z,u) < D[u]  Kopegés oo Kopupég ektog AZ
= ¢ g AZM (oo ) (ocvvoro JA1S)
‘Oy1! Amndotaon d

y g o

/ ‘
s P
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AAyopi18uoc Dijkstra: OpBoTnTa

O ©.0.0 oTav kopu®n u evracoetal o AZM, D[u] = d(s, u).
B Enaywoyn: eotw D[v] = d(s, v) yia kaBe v ndn oto AZM.,
B U eyxel eAaxioTo D[u] (ektoc AZM). 'Eotw oTi D[u] > d(s, u).

B p OUVTOMOTEPO S — U povonaTi Pe pnkoc d(s, u) < D[u],
Kal z TEAEUTAia KopuPn npiv u aTo p:

'EoTtw X (# z) TeAeuTaia KopuPn Tou p
oTto A>ZM kai y (ynopei y = z)
ENOMEVN TNG X OTO P. Kopveig 610

AZM (cbvoro S)
Dly] < Dlz| + w(z,y)
= d(s,z) + w(z,y)
= d(s,y) < Dlu]

= Dly] < D|u], dromo!

Kopvpég exktog AAM
(cvvoro V' 1 S)

Amndotaon d
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Dijkstra vs Bellman-Ford

O AAy. Dijkstra Taxutepoc kata n aAAa dev spappoleral
yia apvnTika gnkn.
B BaoileTal 0TO OTI ANOOTACEIC OEV HEIWVOVTAl KATA PINKOC
OUVTONOTEPOU HovonaTiou.
O AAy. Bellman-Ford epapuodeTral yia apvnTika gnkn.

B AnoOTACEIC UNOPEl va PEIWVOVTAl KAaTad NNKOC
OUVTONOTEPOU PovonaTiou.

B <«TeAeuTaia» KOpuPn UNOPEI O€ PIKPOTEPN ANOOTAON
ano apxikn.
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EpwTtnosic — AOKNOEIC

O ApvnTika UNnkn — NPooBeTOUPE PHEYAAO ApIBPO —
— BeTIka puNkn — aAyopiBuoc Dijkstra;

[0 Noo BFS unoAoyilel AZM oTav akpec povadiaiou PNKouc.

OO0 'OTav un-apvnTika gNkn, pnopei eva A>M kai eva EZA
va Pnv €Xouv Kauia Koivn akun;
[0 Bottleneck Shortest Paths:
B KooTog povonatiou p: ¢(p) = maxec,{w(e)}
B YnoAoyiopoc A>M yia bottleneck kooToc;
B Tpononoinon Dijkstra Auvel Bottleneck Shortest Paths
(akoun Kai yia apvnTika gnkn):
V(v,u) € E, D[u| < min{D[u|, max{D|v], w(v,u)}}
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>uvTopoTEpa MovonaTia yia
'OAa Ta Zeuyn Kopupwv

O YnoAoyiopoc anootaonc d(v, u) Kal CUVTOUOTEPOU V — U
povonaTiou yia kaBe Ceuyoc (v, u) € V x V.

0 AAyopiBuoc yvia M ano pia kopu®n yia kabe s € V.

B ApvnTika pnkn: Bellman-Ford o€ xpovo ©(n2 m).

B  Mn-apvnTtika gnkn: Dijkstra oe xpovo ©(n m + n2logn).

ApvnTika unkn: Floyd-Warshall e xpovo ©(n3).

Avanapdaocraon Auonc:

B  Anootaocsic: nivakac D[1..n][1..n]

B >uUvTOouOTEpPa povonaTia: n AXM, eva yia kabe apyikn Kopupn.
O Mivakac P[1..n][1..n]: n nivakec npoyovwyv.
O [pappun Pli]: nivakag npoyovwv AZM(v,).

I fff

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019) SuvTouOTEPEC Aladpopeg 26




AAyopi8uoc Floyd-Warshall

0 Oewpoupe ypapnua G(V, E, w) ge ynkn OTIC AKUEC.
B KaBopiopevn (auBaipetn) apiBunon KOPpUPWV V4, V,, ..., V
O Avanapaoracn ypa@nuaToc JUeE nivaka yeiTviaonc:

nl

rO V; = Uy
w(vg,vy) = § wv,v;) v #v; (v,v) EE
|00 v; #v; (vi,v) € E

O YnoAoyiopog anoéotaong d(v,, v;) anoé d(v, v,), d(v,, v;)
via 0Aa 1a k € V \ {v;, v;}:
d(vi,v;) = min{w(v;,v;), min {d(v;,vr) + d(vg,v;) }}
v €V \{vi,v;}
B ®auAog KUKAOG(;): d(v;, v,) = d(v,, v;) kai d(v;, v;) - d(v;, v, )
B AUVAMHIKOGC NPOYPAHHATIOHOG: UNOAOYIONOC OAWV
UE ouoTNUATikO bottom-up Tpono!
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AAyopi8uoc Floyd-Warshall

O D.[v; v;]: HNKOG OUVTOUOTEPOU V; — V; HOVONATIOU HE
evOIAUETEC KOPUPEG povo ano V, = {Vy, ..., Vit
B Apxika Dolv;, vi] = w(v;, v) yiati V, = .
®m ‘Eotw OTI yvwpioupe D, 4[v;, v;] yia OAa Ta Geuyn v, Vv;.
®m D, [v, v] diepxeral ano v, kapia n pia @opa (povondati!):

Dyglv;, v;| = min{ Dy_1|v;, v;], Dip—1[vi, Ui] + Di—1vk, v;]}

B Avadpopikn oxeon yia Dy, Dy, ..., D, :
w(v;, V) k=0

Dk[vi’vj] — {min{Dk_1[Ui,Uj], Dk—l[’Uz‘;'Uk] == Dk—l[vkvvj]} k=1,...

B YnoAoyiopog D, yE SUVAHIKO NPOYPAHHATIOHO.
B KukAog apvnTtikou pnkoug av D [v, v.] < 0.
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AAyopi8uoc Floyd-Warshall

0 Tunikoc QUVANIKOC Xpovoc: O(n3)
NpOyPANUATIOHOC:
Floyd-Warshall(G(V, E, w))
for: < 1 tondo
for ) < 1tondo
if (v;,v;) € E then Dyt, j| < w(v;,v;);
else Dyt j| < oo;
Doli, i] + 0;
for £ < 1 ton do
for: < 1tondo
for < 1tondo
if Dk_l[’i,j] > Dk_l[i, k] + Dk_l[k,j] then
Dyli, j] <= Dy-1li, k| + Dy1lk, jl;
else Dy, j| < Dy_1l3, 7);
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Napadeiyua
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YNoAoyIOuUOC
>uvTopOoTEPpWYV MovonaTiwVv

O P.fv, - ]: AXM(v,) ye evOIQUETEC KOPUPEC HOVo ano V, .
B Anooctaosig D, [v, - ] avTioToixouv o€ pyovonaTia P, [v, - ].
m PJlv, v;]: nponyoupevn KOpUPn TNG V; OTO CUVTOHOTEPO
V; = V; Hovonari Pe eVOIAUETEG KOPUPEG HOVO ano V, .
O P, kaBopileTal ano Pyls. v;] = NULL avi=j1M(v,v;) €FE
nivaka yeirviaonc: 21 T )y dLoPOQETIRG.
0 Avadpopikn oxeon yia Py, Py, ..., P, :
| Pealvi,vy] Diq|vs, v5] < Di_1|vs, V] + Di—1|V, V5]
Pk[viv Uj] 1 P
k—1|Uk, V5]  Dr_1|0;, 9] > Dg_1|v;, V| + Dg_1|vs, v5]

B YnoAoyiopog P, TautOxpova pe unoAoyiopo D, .
B FEukoAn Tpononoinon nponyoupevnc uAonoinonc.
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AAyopi18poc Johnson

0 >uvTopOTeEpa povonaTia yia oAa 1a (euyn Kopupwyv
g€ apaia ypa@nuaTta Je apvnTika unkn:
B MeTaTponn apvnTIK®OV UNKWV O BN apVvNTIKA XWPIC
va aAAa&ouv Ta cuvTOoNOTEPA PovondaTid.
0 AAyopiBuoc via ypapnua G(V, E, w):
B Nea kopupn s Nou OUVOEETAl JE KABe U € V JE
akun pndevikou pnkouc: G'(V u {s}, E u {(s, u)}, w).
B Bellman-Ford yia G’ ye apxikn Kkopu®n s.
'Eotw h(u) anooTaon kopupnc u € V ano s.
B Av OXI KUKAOC apvnTIKOU PJNKOUC, UNOAOYIOE VEQ
(Mn apvnTiKa) PNKN: w(v,u) = w(v,u) + h(v) — h(u), V(v,u) € E
B [ia kaBe u e V, Dijkstra oe G(V, E,w) PeE apxIKhn KOpuPpn U.
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AAyopi18poc Johnson

[0 Xpovikn noAunAokoTnTa:
B Bellman-Ford kai n gpopec Dijkstra: ©(nm + n2logn).

O OpbortnTa:
B Ne&a unkn pn apvnTika: h(:) anooTaocsic ano s, Kai IoXUel OTI

Y(v,u) € E, h(u) < h(v) + w(v,u) = w(v,u) >0

B MeTtaBoAn ora unkn dev ennpealel CUVTOUOTEPA PovonaTid.
B Mnkoc kaBe a - B povonaTtiou peraBaAAeral kata h(B) - h(a).
B ‘Eotw p=(a=vy, vy ..., v, = B) onoiodnnote a - B povonari.

- 2_% (v, Vi1) E%[w(’vz-, Viv1) + h(v;) — h(viq)]
— ':0 w(v;, viy1) + h(vg) — h(vg) = £(p) + h(a) — h(B)
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2uvoyn

0 >uvTopOTEpPA povonaTia ano pia apyikn Kopu®pn s:
B ApvnTtika pnkn: Bellman-Ford o€ xpovo ©(n m).
O Auvapikoc npoypapuaTiopoc.
B DAGs pe apvnTika punkn o€ xpovo O(m + n).
B Mn-apvntika pnkn: Dijkstra og xpovo ©(m + nlogn).
O (MpoocappooTikoc) anAnoToc aAyopiBuoc.
0 >uvTopOTEpPa povonaTia yia oAa 1a (euyn Kopupwv:
B ApvnTtika pnkn: Floyd-Warshall e xpovo ©(n3).
O Auvapikoc npoypauuaTionoc.
B (Mn-)apvnTika punkn kai apaia ypagpnuata, m = o(n?):
O n @opec Dijkstra o xpovo ©(nm + n2logn).
O Av apvnTika gnkn, aAy. Johnson yia peratponn o€ BeTika!
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