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Breaenmne Omnpeaenenus

Omnpepenrenus

OnpepenaeHne: B3BEINIEHHBIN rpad (HEOpHUEeHTHPOBAHHBIN) — 3TO
napa (V,E), rae V — MHOXeCTBO BepuivH, a E — MHOXXeCTBO
(HeopUeHTUPOBAHHLIX) pPEdep. Kaskpoe pebpo — 3To
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BeepeHne Xpanenue rpacda
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MaTpuiia CMe>KHOCTHU

. . Broa,
1 #include <iostream> 012 3 45 6 738
2 #include <vector> 9 11 0ol 3]0 5|9 |o0]|oo|oo|o
3  using namespace std; ii: LGBl ==l s ==
4
5 int const infinity = Ox3F3F3F3F; 278 2|@|eofeo]eleojeojeo]ole
6 241 3|5|1|oofo0]|oo| 3|5 |o0|oc0
7 int main () { 463 4|9 |oofoof|o|oof1]oof9|eo
8 int n, m; 4755ocoooo3loooooooo
9 cin >> n >> m; 589600800500000075
10 vector <vector <int> > a (n, 795
11 vector <int> (n, infinity)): 56 1 T [0]®]0]|0]9]0|7]|x]x
12 for (int j = 0; j < m; J++) { 7 8 7 8|oco|oo]oofoofoofoo] b 00|00
13 int u, v, w; 159
14 cin >> u >> v >> w;
15 u -=1;
16 v -= 1;
17 afullv] = w;
18 alv][u]l = w;
19 }
20 return O;
21 }
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Crimcku cMe>XHBIX pebep

. . Broa,
1 #include <iostream> o[ 13 35 49
2 #include <vector> 9 11 :
3 using namespace std; 123 1103 68 31
1 145 2f
5 struct Edge {int v; int w;}; 278 305 L1 53 65|
6 241 479 51 09
; int rpain 0 { j $§ 533 41
9 z?n §,> I'1[11,>> m; 589 6 18 35 83 7'7|
10 vector <vector <Edge> > adj (n); 795 749 67
11 561 8|65
12 for (int j = 0; j < m; j++) { 1 87
13 int u, v, w; 159
14 cin >> u >> v >> w;
15 u = 1;
16 v —= 1;
17 adj[u] .push_back ({v, w});
18 adj[v].push_back ({u, w});
19 }
20 return O;
21 }
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13 int u, v, w; 975
14 cin >> u >> v >> w; 159
15 u = 1; 891
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18
19 }
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[ToucK KpaT4auInero myTi 3apaua

3apaua

@ AaH B3BelleHHBIN rpad (nau oprpad).

o AAMHA IyTH — CyMMa AAWH €ro pédep (MAU AyT).

¢ 3apava 1: Ha¥ipAWTe KpaTYaWIINM MyTh OT BEPITUHLI U AO
BEPIIWHEI V.
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¢ 3apava 1: Ha¥ipAWTe KpaTYaWIINM MyTh OT BEPITUHLI U AO
BEPIIWHEI V.

@ 3apava 2: HaWAWTE KpaTdyalliue IIYTH OT BEPIIMHEL U A0 BCEX
OCTaALHBIX BEpIIVH,.
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[ToucK KpaT4auInero myTi 3apaua

3apaua

AaH B3BelleHHBIN rpad (nau oprpad).

AAVHA IIyTH — CyMMa AAUH ero pédep (MAU AYT).
¢ 3apava 1: Ha¥ipAWTe KpaTYaWIINM MyTh OT BEPITUHLI U AO
BEPIIWHEI V.

@ 3apava 2: HaWAWTE KpaTdyalliue IIYTH OT BEPIIMHEL U A0 BCEX
OCTaALHBIX BEpIIVH,.

@ 3ajaua 3: HaMAWUTe KpaTdallliie IIYTH Me’KAY BCEMH IlapaMU
BEPLIVH.
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Aaropurm Oaoiipa—Yopioara pest

Anroputm Daotipa—YOpITioOAAa: UAES

e PaccmoTrpum MaTpuny A, B KOTOPOU KAeTKa (U, V) COAEPIKUT
AUHY KpaT4arIinero myTH U3 U B V.

@ HauuéM c MaTpHUIBl CMEKHOCTH U OYAEM YAYYIIIATE €é.

@ Byaem paccMaTpuBaTh BEPLIUHEL 110 IIOPSAKY.
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Aaropurm Oaoiipa—Yopioara pest

Anroputm Daotipa—YOpITioOAAa: UAES

e PaccmoTrpum MaTpuny A, B KOTOPOU KAeTKa (U, V) COAEPIKUT
AAVHY KpaTdauIero nNyTH U3 U B V.

@ HauuéM c MaTpHUIBl CMEKHOCTH U OYAEM YAYYIIIATE €é.

@ Byaem paccMaTpuBaTh BEPLIUHEL 110 IIOPSAKY.

@ AAd Ka)XAOM BepmUHLI kK = 1,2,.... 1

e PaccMoTpuM KaXkAyio mapy BepiuuH (i,7).
o AAWHA ITyTH U3 [ B j He OOAbLIe A; ;.
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AAvHa ITyTH U3 | B j He OOAbIIe A; ;.

[MompoGyem mpouTu U3 i B j 4epes k: A;; + A ;.
Ecam sTOT Iy Th KOpOYe, 3amuiueM A;; := A;x + Agjj.

®© 6 0 o
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Aaropurm Oaoiipa—Yopioara pest

Anroputm Daotipa—YOpITioOAAa: UAES

e PaccmoTrpum MaTpuny A, B KOTOPOU KAeTKa (U, V) COAEPIKUT
AUHY KpaT4arIinero myTH U3 U B V.

@ HauuéM c MaTpHUIBl CMEKHOCTH U OYAEM YAYYIIIATE €é.

@ BbyaeM paccMaTprBaTh BEPIIMHEI II0 IIOPSIAKY.

@ AAd Ka)XAOM BepmUHLI kK = 1,2,.... 1

PaccMoTpuM KaXkAyio mapy BepiuuH (i,7).

AAvHa ITyTH U3 | B j He OOAbIIe A; ;.

[MompoGyem mpouTu U3 i B j 4epes k: A;; + A ;.
Ecam sTOT Iy Th KOpOYe, 3amuiueM A;; := A;x + Agjj.

®© 6 0 o

e TTocae aToro maTpuiia A MOCTPOEHA.
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Aaropurm Droiiaa—YopIoara

Anroputm Darotipa—YOpITTOAAa: KOA,

. ) ) ) Brop,
1 for (int i = 0; i < n; i++)

2 alil[i] = 0; 9 11
3 123
1 145
5 278
. 241
; 463
8 for (int k = 0; k < n; k++) 475
9 for (int i = 0; i < n; i++) 589
10 for (int j = 0; j < n; j++) 795
11 if (alillj] > alillk] + alk]l[3]) 06l
12 alillj] = alillk] + alk][j1; 787
13 1509
14

15 BrIBOA:
16 int x = 0, y =n - 1; 14

17 cout << al[x][y] << endl;
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Aaropurm Droiiaa—YopIoara

Anroputm Darotipa—YOpITTOAAa: KOA,

1 vector <vector <int> > p (n, vector <int> (n)); Broa;
2 for (int i = 0; i < n; i++) { 911
3 alil[i] = 0; 123
4 for (int j = 0; j < n; j++) 145
5 plill31 = 3; 278
6 ! 241
7 463
8 for (int k = 0; k < n; k++) 475
9 for (int i = 0; i < n; i++) 589
10 for (int § = 0; 3 < n; j++) 795
11 if (a[i][3] > alillk] + alk][§]) { 6l
12 alil[j] = alillk] + alk][3]; 787
13 pli1[3j] = plillkl: 159
14 }

15 BrIBOA:
16 int x =0, y=n - 1; 14
17 cout << al[x][y] << endl; 124709
18 while (x != y) {

19 cout << x + 1 << " ";

20 X = plx]lyl;

21 }

22 cout << x + 1 << endl;
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9 114(11]c0|10(14]13| 5 (12| O
k=38
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Aaropurm Oaoiipa—Yopioara Tlpumep

Anroputm Daoipa—Y OPIIIOAAA:

MBan Kasmenko et al. (MKH CII6I'Y)

IIpUMep
1 2 3 45 6 7 8 9
1[0]|3]|x|4]|8]|7]|9(16[14
213|001 [5[4]6]13|11
3 ]oofloco|l 0 |oo]oo|oo|oo]oo|o
414(1]|0|0[4]3]|5 (12|10
518([5]|c|4[0]1]9(9]14
67[4]c0|3[1]0]|8(10[13
7(9]|6||5[9]8(0 5
8 [16(13]|c0|12] 9 |10| 7 12
9 114(11]c0|10(14]13| 5 (12| O
k=9
Bagemenubie rpadsl 10.12.2025 15/ 44



Aaropurm Oaoiipa—Yopioara AOKa3aTeAbCTBO

Anroputm Darotipa—YOpIIIOAAE: AOKA3aTEABCTBO

o Kak poKaszaTh, YTO B IIOAYUYMBILIEHCS: MaTpHUile KAeTKa (u,V)
COAEPKUT AAWHY KpAT4YaHnIIero IyTH U3 U B V7
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Aaropurm Oaoiipa—Yopioara AOKa3aTeAbCTBO

Anroputm Darotipa—YOpIIIOAAE: AOKA3aTEABCTBO

o Kak poKaszaTh, YTO B IIOAYUYMBILIEHCS: MaTpHUile KAeTKa (u,V)
COAEPKUT AAWHY KpAT4YaHnIIero IyTH U3 U B V7

e Mupyknuda 1o k:

@ TMocae k urepanuii KaeTka (U, V) COAEPXKUT KpaTYaUIIUHN Iy Th
M3 TeX, B KOTOPBIX TTPOMEKYTOUHBIE BepIIMHBEI UMEIOT HoMepa
or 1 po k.
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Aaropurm Oaoiipa—Yopioara AOKa3aTeAbCTBO

Anroputm Darotipa—YOpIIIOAAE: AOKA3aTEABCTBO

o Kak poKaszaTh, YTO B IIOAYUYMBILIEHCS: MaTpHUile KAeTKa (u,V)
COAEPKUT AAWHY KpAT4YaHnIIero IyTH U3 U B V7

e Mupyknuda 1o k:

e [Tocae k mrepanuit KAeTKa (U, V) COAEPKUT KpaTdaWinii TyTh
U3 TeX, B KOTOPBIX IIPOMEXYTOYHLIE BEPIIMHLI UMEIOT HOMEpPa
or 1 po k.

e Baza: k =0, B MaTpure peOpo, IPOMEXYTOYHBIX BEpPIIUH HET.
IIpepnonroskenue: nmocae k — 1 urepanuu yTBEPKAEHHE BEPHO.
INepexop: KpaTuyauIuii IIyTh C BeplInHaMu 1,2,...,k copepsKutT
k me Gonee opHOTO pasza.

Ecau He copepsKUT k, OH y’Ke HalipeH.

Ecam copepxut k, 0B HAaUAETCS KaK Ay k + Ay v, BEAb 3TH YaCTH

IIyTH COCTOSAT U3 BEPIIMH C HOMEPaMH CTPOTO MeHbIIe k.

e o
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o [TamATs:
@ Bpems:

(] HaXOAI/IT KpaTqaﬁmne IIyTHN MEeXXAY BCeMU IIapaMW BEpPIITWH.
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?

e IMamaTh: O(n?) (MOKHO IEPEHUCIIOAB30BATH MATPHILY
CMEe>KHOCTH).

@ Bpewms:

o HaxoauT KpaTuaiiliye IIyTH MeXXKAY BCEMHU IlapaMy BepIIKH.
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?

e IMamaTh: O(n?) (MOKHO IEPEHUCIIOAB30BATH MATPHILY
CMEe>KHOCTH).

e Bpewms: O(n3).

o HaxoauT KpaTuaiiliye IIyTH MeXXKAY BCEMHU IlapaMy BepIIKH.
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

CKOABKO BpeMEHM U IIaMATH TPpeOyeTCsl aATOPUTMY ¢

[Mamsath: ©(n?) (MOXKHO IIEPEUCIIOAB30BATL MATPHUITY
CMEe>KHOCTH).

Bpewmst: ©(n®).

HaxoauT kparuaiimme nyTH MeXKAY BCEMU IlapaMK BEpPILLINH.

He paGoTaeT, ecau B rpade ecTh I[IUKAbI OTPHUIlaTEABHOMN
AAWHBT;
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

CKOABKO BpeMEHM U IIaMATH TPpeOyeTCsl aATOPUTMY ¢

[Mamsath: ©(n?) (MOXKHO IIEPEUCIIOAB30BATL MATPHUITY
CMEe>KHOCTH).

Bpewmst: ©(n®).

HaxoauT kparuaiimme nyTH MeXKAY BCEMU IlapaMK BEpPILLINH.

He paGoTaeT, ecau B rpade ecTh I[IUKAbI OTPHUIlaTEABHOMN
AAWHBT;

1 2 3 4
0]-1(-1|-1
-1]10|-1fo0
-1]-1) 0 (-1
-1]o0|-1(0

-1

O N R
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

CKOABKO BpeMEHM U IIaMATH TPpeOyeTCsl aATOPUTMY ¢

[Mamsath: ©(n?) (MOXKHO IIEPEUCIIOAB30BATL MATPHUITY
CMEe>KHOCTH).

Bpewmst: ©(n®).

HaxoauT kparuaiimme nyTH MeXKAY BCEMU IlapaMK BEpPILLINH.

He paGoTaeT, ecau B rpade ecTh I[IUKAbI OTPHUIlaTEABHOMN
AAWHBT;

-1 1 2 3 4
0|-1{-1]-1
-1]-2]-2]-2
-1|-2[-2[-2
-1|-2[-2[-2

O N R
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
e IMamaTh: O(n?) (MOKHO IEPEHUCIIOAB30BATH MATPHILY
CMEe>KHOCTH).
e Bpewms: O(n3).
o HaxoauT KpaTuaiiliye IIyTH MeXXKAY BCEMHU IlapaMy BepIIKH.
@ He pabotaer, ecau B rpade ecTb IIUKABL OTPULIATEABHON
AAVHEIL
-1 1 2 3 4
1(-2[-3|-5|-5
-1 -1 2 [-3|-4|-6[-6
3|-5|-6[-12-12
4 |-5|-612-12
k=2
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
e IMamaTh: O(n?) (MOKHO IEPEHUCIIOAB30BATH MATPHILY
CMEe>KHOCTH).
e Bpewms: O(n3).
o HaxoauT KpaTuaiiliye IIyTH MeXXKAY BCEMHU IlapaMy BepIIKH.
@ He pabotaer, ecau B rpade ecTb IIUKABL OTPULIATEABHON
AAVHEIL
-1 1 2 3 4
1 +10-11-17-29
-1 -1 2 F11-12-18-30
3 F17-18-24-36
4 F29-30-36-72
k=3
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Aaropurm Oaoiipa—Yopioara Ananus

Anroputm Daortipa—YOpIIOAAA: @aHAAUS

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
e IMamaTh: O(n?) (MOKHO IEPEHUCIIOAB30BATH MATPHILY
CMEe>KHOCTH).
e Bpewms: O(n3).
o HaxoauT KpaTuaiiliye IIyTH MeXXKAY BCEMHU IlapaMy BepIIKH.
@ He pabotaer, ecau B rpade ecTb IIUKABL OTPULIATEABHON
AAVHEIL
-1 1 2 3 4
1 -568-594-65101
-1 -1 2 |59-60-6610%
3 -65-66-72108
4 1104102108144

UBau Kasmenko et al. (MKH CII6IY) Basemenubie rpadsl 10.12.2025 17/ 44



Aaroputm Beaamana-®opaa

CopepxaHue

e Aaroputm Beaamana-®opaa
@ lpest
@ Kop
@ ITpumep 1
@ [Ipumep 2
@ AOKa3aTEABCTBO
@ Amaam3s

MBau Ka < CII6LY B3pemennasie rpagst 10.12.2025 18/ 44




Anroputm Beaamana—®opaa pest

Anroputm beaarmana-®opaa: maes

o ByaeM AAsL KayKAOM BeplUuHBI v cunrtaTh d(v): KpaTyaiiiee
paccrossHue oT start po V.

e Haunéwm c d(start) = 0 u d(v # start) = oc.

HKO et al. (MKH CII6I'Y) Bagemenubie rpadsl 10.12.2025
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Anroputm Beaamana—®opaa pest

Anroputm beaarmana-®opaa: maes

o ByaeM AAsL KayKAOM BeplUuHBI v cunrtaTh d(v): KpaTyaiiiee
paccTostHue OT start A0 V.

e Haunéwm c d(start) = 0 u d(v # start) = oc.

o CaenraeM n — 1 OAMHAKOBEIX IIATOB!

e PaccmoTpum Kaxkpoe pebpo (ayry) (u,v) Beca w.
e Penakcupyem ero: d(v) := min(d(v), d(u) + w).
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Anroputm Beaamana—®opaa pest

Anroputm beaarmana-®opaa: maes

o ByaeM AAsL KayKAOM BeplUuHBI v cunrtaTh d(v): KpaTyaiiiee
paccrossHue oT start po V.
e Haunéwm c d(start) = 0 u d(v # start) = oc.
o CaenraeM n — 1 OAMHAKOBBHIX TTATOB:
e PaccmoTpum Kaxkpoe pebpo (ayry) (u,v) Beca w.
e Penakcupyem ero: d(v) := min(d(v), d(u) + w).

@ Tlocae 3TOro B d MOCYUTAHBI KPATUYAUIIINE PACCTOSAHUSA.
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Aaroputm Beaamana-®opaa

Anroputm Beaarmana-@opaa: Ko

. Brop,

1 vector <int> d (n, infinity);
2 9 11
3 dro] = o0; 123
4 for (int k = 0; k < n - 1; kt++) { 145
5 for (int u = 0; u < n; u++) 278
6 for (auto e : adj[u]) 241
7 if (dle.v] > d[u] + e.w) 463
8 dle.v] = d[u] + e.w; 475
9 ) 589
11 56 1
13 int y = n - 1; L9
14 cout << d[y] << endl;

BrIBOA:

14
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Aaroputm Beaamana-®opaa

Anroputm Beaarmana-@opaa: Ko

. ) o BBoa,

1 vector <int> d (n, infinity):

2 vector <int> p (n, infinity): 9 11
3 aro] = o; Le2s
4 for (int k = 0; k < n - 1; kt+) { 145
5 for (int u = 0; u < n; ut++) 278
6 for (auto e : adj[u]) 241
7 if (dle.v] > d[u] + e.w) { 463
8 dle.v] = dlu] + e.w; 475
9 ple.v] = u; 5809
11 } 561
13 int x = 0, y=n - 1; 159
14 cout << d[y] << endl;

15 vector <int> path; BriBop,
16 while (x != y) { 14

17 y = plyl; 124709
18 path.push _back (y + 1);

19 }

20 copy (path.rbegin (), path.rend (),

21 ostream_iterator <int> (cout, " "));

22 cout << n << endl;

HKO et al. (MKH CII6rY) Bagemenubie rpadsl 10.12.2025 20/ 44



Aaroputm Beaamana-®opaa TMpumep 1

Anroputm beaarmana-®opaa: ipumep 1
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Aaroputm Beaamana-®opaa Tlpumep 2

Anroputm beaamana-®opaa: ipumep 2
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Aaroputm Beaamana-®opaa Tlpumep 2

Anroputm beaamana-®opaa: ipumep 2
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Aaroputm Beaamana-®opaa Tlpumep 2

Anroputm beaamana-®opaa: ipumep 2
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Anroputm beaamana-®opaa: ipumep 2
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Aaroputm Beaamana-®opaa Tlpumep 2

Anroputm beaamana-®opaa: ipumep 2
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Aaroputm Beaamana-®opaa AOKa3aTeAbCTBO

AnroputMm beaarmana-®opaa: A0Ka3aTEeABCTBO

@ Kak A0OKazaTh, 4TO IIOAYYUBIIMECS B d UMCAA — KpaTdaullue
paccToaHus?
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Aaroputm Beaamana-®opaa AOKa3aTeAbCTBO

AnroputMm beaarmana-®opaa: A0Ka3aTEeABCTBO

@ Kak A0OKazaTh, 4TO IIOAYYUBIIMECS B d UMCAA — KpaTdaullue
paccToaHus?

e Mupyknuda 1o k:

o [Tocae k nrepanmii HaMAEHBI BCe KpaTdyaWlline IIyTH,
cocTosIre He OoAee yeM u3 k péodep.
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Aaroputm Beaamana-®opaa AOKa3aTeAbCTBO

AnroputMm beaarmana-®opaa: A0Ka3aTEeABCTBO

@ Kak A0OKazaTh, 4TO IIOAYYUBIIMECS B d UMCAA — KpaTdaullue
paccToaHus?

e Mupyknuda 1o k:

o Tlocae k nTepanii HaWAEHEBI BCe KpaTdaMlilive Iy TH,
cocTogInme He Ooaee yeM m3 k pébep.

"]
o

o

°

Baza: k = 0, HalipAeH TOABKO ITyCTOU MIYTh.

Ipepnonroskenue: mocae k — 1 urepaluu yTBEpP)KAEHHE BEPHO.
ITepexoa: myCTh KPATYAUIINUN NYTh AO KAKOMN-TO BEPILIUHBI V
cocTouT u3 k pedep.

Toraa 9TOT ke MyTh, HO AO TIPEATIOCAeAHEH BepIuHbL p(V),
TOKe KpaTdaullimii, U cCOCTOUT u3 k — 1 pedpa.

3HauuT, 0yTh A0 p(V) Ha¥AEH Ha IPEAbIAYIIEeM IIare.

U npu penarcaruu peépa (p(v),v) Mbl HAUAEM IYTH AO V.
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Aaroputm Beaamana-®opaa Ananus

Aaroputm bBeaamana-®opaa: aHaAru3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o ITamMsThb:

@ Bpems:

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
ocCTaAbHEIE.
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Aaroputm bBeaamana-®opaa: aHaAru3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o IMamsare: O(n).
@ Bpems:

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
ocCTaAbHEIE.
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Aaroputm Beaamana-®opaa Ananus

Aaroputm bBeaamana-®opaa: aHaAru3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o IMamsare: O(n).
e Bpemsi: ©(mn).

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
ocCTaAbHEIE.
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Aaroputm Beaamana-®opaa Ananus

Aaroputm bBeaamana-®opaa: aHaAru3

CKOABKO BpeMEHM U IIaMATH TPpeOyeTCsl aATOPUTMY ¢
[Mamste: O(n).
Bpems: ©(mn).

HaXOAI/IT KpaTqaﬂmue IIyTHn "3 OAHOﬁ BEpIIMUHBI BO BCe
OCTAABHEBIE.

He paGoTaeT, ecau B rpade ecTh I[IUKAbI OTPHUIlaTEABHOMN
AAUHDL...
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Bpems: ©(mn).
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Aaroputm Beaamana-®opaa Ananus

Aaroputm bBeaamana-®opaa: aHaAru3

CKOABKO BpeMEHM U IIaMATH TPpeOyeTCsl aATOPUTMY ¢
[Mamste: O(n).

Bpems: ©(mn).

HaxopnT KpaTdalime TyTH U3 OAHOM BEPITMHEI BO BCe
OCTaAbHBIE.

He paGoTaeT, ecau B rpade ecTh I[IUKAbI OTPHUIlaTEABHOMN
AAUHDL...

Ho momMoraeT nX 0OHapPy’KUTh, ECAM CACAATH eIlé MTeparuio!
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Aaropurm A PBI

CopepxaHue

e AaropuT™M AEMKCTPBL
@ lpes
@ Kop
@ lMpumep
@ AOKa3aTeAbCTBO
@ Amaams
@ Kop 2
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AAroput™ AEHKCTPEI Hpes

AaroputMm AEUKCTPBI: UAEd

o ByaeM AAsL KayKAOM BeplUuHBI v cunrtaTh d(v): KpaTyaiiiee
paccrossHue oT start po V.

@ Taxske OyAeM CTPOUTH AepeBO KpaTdaMIlIuxX IyTeMn.
e Haunéwm c d(start) = 0 u d(v # start) = oc.

@ A B AEPEBO M3HAYAABHO AOOABUM OAHY BepLINHY siarf.
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AAroput™ AEHKCTPEI Hpes

AaroputMm AEUKCTPBI: UAEd

o ByaeM AAsL KayKAOM BeplUuHBI v cunrtaTh d(v): KpaTyaiiiee
paccrossHue oT start po V.

@ Taxske OyAeM CTPOUTH AepeBO KpaTdaMIlIuxX IyTeMn.
e Haunéwm c d(start) = 0 u d(v # start) = oc.
@ A B AEPEBO M3HAYAABHO AOOABUM OAHY BepLINHY siarf.

o CaenaeM He Oonee n — 1 CAeAYIONIUX IIATOB:

e 113 TOABKO 9TO AOGABAEHHON BEPIIMHEBI U PACCMOTPHUM Ka’*kAYIO
Ayry (u,v) Beca w U perakcupyeMm eé:
d(v) := min(d(v), d(u) + w).

o 130 BCcex BepLIMH BHE AepeBa BeIOepeM AAS AOOABAEHUS TY,
paccTosinre A0 KOTOPOW MUHWUMAaABHO.

o EcAm Takux BepIIMH HE OCTAaAOCh, 3@BEPIIMM pabOoTy.
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AAroput™ AEHKCTPEI Hpes

AaroputMm AEUKCTPBI: UAEd

o ByaeM AAsL KayKAOM BeplUuHBI v cunrtaTh d(v): KpaTyaiiiee
paccrossHue oT start po V.

@ Taxske OyAeM CTPOUTH AepeBO KpaTdaMIlIuxX IyTeMn.
e Haunéwm c d(start) = 0 u d(v # start) = oc.
@ A B AEPEBO M3HAYAABHO AOOABUM OAHY BepLINHY siarf.

o CaenaeM He Oonee n — 1 CAeAYIONIUX IIATOB:

e 113 TOABKO 9TO AOGABAEHHON BEPIIMHEBI U PACCMOTPHUM Ka’*kAYIO
Ayry (u,v) Beca w U perakcupyeMm eé:
d(v) := min(d(v), d(u) + w).

o 130 BCcex BepLIMH BHE AepeBa BeIOepeM AAS AOOABAEHUS TY,
paccTosinre A0 KOTOPOW MUHWUMAaABHO.

o EcAm Takux BepIIMH HE OCTAaAOCh, 3@BEPIIMM pabOoTy.

@ Tlocae 3TOro B d MOCYUTAHBI KpATUYAUIIINE PACCTOAHUS, @ B
AEPEBO AOOABAEHBI BCe AOCTVKHMMBIE BEPIIWHEL.
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AATOpuTM AEHKCTPEL

AaroputM AEUKCTPBI: KOA

. ) o Brop,
1 vector <int> d (n, infinity):
2 9 11
3 vector <bool> vis (n); 123
4 int u = 0; 145
5 d[u] = 0; 27 8
6 while (u != -1) { 241
7 vis[u] = true; 463
8 for (auto e : adjlul) 475
9 if (dle.v] > d[u] + e.w) 589
10 dle.v] = d[u] + e.w; 795
11 561
13 u=-1; 159
14 for (int v = 0; v < n; v++)
15 if (!vis[v]) BrrBoa:
16 if (u == -1 || d[u]l > d[v]) 14
17 u = v;
18 }
19
20 int y = n - 1;
21 cout << d[y] << endl;
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AATOpuTM AEHKCTPEL

AaroputM AEUKCTPBI: KOA

. ) o Brop,
1 vector <int> d (n, infinity):
2 vector <int> p (n, infinity): 9 11
3 vector <bool> vis (n); 123
4 int u = 0; 145
5 d[u] = 0; 27 8
6 while (u != -1) { 241
7 vis[u] = true; 463
8 for (auto e : adjlul) 475
9 if (dle.v] > d[u]l + e.w) { 589
10 dle.v] = d[u] + e.w; 795
11 ple.v] = u; 561
13 u=-1; 159
14 for (int v = 0; v < n; v++)
15 if (!vis[v]) BrrBoa:
16 if (u == -1 || d[u]l > d[v]) 14
17 u =i 124709
18 }
19
20 int x =0, y=n - 1;
21 cout << d[y] << endl;
22 VA V4
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AAroput™ AEHKCTPEI Tlpumep

AaroputM AEUKCTPBI: IpUMEP

step 1
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AAroput™ AEHKCTPEI Tlpumep

AaroputM AEUKCTPBI: IpUMEP

step 2
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AAroput™ AEHKCTPEI Tlpumep

AaroputM AEUKCTPBI: IpUMEP

step 3
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AAroput™ AEHKCTPEI Tlpumep

AaroputM AEUKCTPBI: IpUMEP

step 4

Veaun Ka3smenko et al. (MKH CIIGI'Y) Bagemenubie rpadsl 10.12.2025 28/ 44



step 5
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step 8
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AATOPUTM AEHKCTPE AOKa3aTeAbCTBO

AnropuTM AEUKCTPBL: AOKA3aTEABCTBO

@ Kak A0OKazaTh, 4TO IIOAYYUBIIMECS B d UACAA — KpaTdaulue
paccToaHus?

© AATOPUTMY HY’>KHO, YTOOBI pé0pa OBIAW HEOTPHUITATEABHBI.
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AAroput™ AEHKCTPEI AOKa3aTeAbCTBO

AnropuTM AEUKCTPBL: AOKA3aTEABCTBO
@ Kak A0OKazaTh, 4TO IIOAYYUBIIMECS B d UACAA — KpaTdaulue
paccToaHus?
© AATOPUTMY HY’>KHO, YTOOBI pé0pa OBIAW HEOTPHUITATEABHBI.

o Ha kaxpoMm miare Mbel A0OaBASIEM B A€PEBO KpaT4alIux IyTel
OATIRANNIYIO K CTAPTY BEPIIMHY W3 OCTaBITAXCA.

@ OT IpOTHUBHOTO: IIYCTh PACCTOSHUE AO 3TOU BEPIINHBEI PABHO

X, U [IPEAIIOAOXKHM, YTO MbI IIOTOM CMOXXEM HAWTU AO ITOU
BEPIINHEI 60A€e KOPOTKUHN MYTH P.
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AATOPUTM AEHKCTPE AOKa3aTeAbCTBO

AnropuTM AEUKCTPBL: AOKA3aTEABCTBO
@ Kak A0OKazaTh, 4TO IIOAYYUBIIMECS B d UACAA — KpaTdaulue
paccToaHus?
© AATOPUTMY HY’>KHO, YTOOBI pé0pa OBIAW HEOTPHUITATEABHBI.

o Ha kaxpoMm miare Mbel A0OaBASIEM B A€PEBO KpaT4alIux IyTel
OATIRANNIYIO K CTAPTY BEPIIMHY W3 OCTaBITAXCA.

@ OT IPOTHBHOTO: TYCThL PACCTOTHWE A0 3TOW BEPIINHBI PAaBHO
X, U [IPEAIIOAOXKHM, YTO MbI IIOTOM CMOXXEM HAWTU AO ITOU
BEPIINHEI 60A€e KOPOTKUHN MYTH P.

@ PaccMoTpuM AepeBO Ha 3TOM IIare.
o [IyTe p KOrAa-TO BBEIXOAUT M3 3TOI'O A€peBa.

@ B 5TOT MOMEHT AAMHA p He MEeHbIIe, YeM X: BEAb 3TO
OAMDKaUINast M3 BEPIIUH BHE AepeBa.

@ Bce caeayrtomue pébpa B IyTH p HEOTPUIIATEABHEL
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AAroput™ AEHKCTPEI AOKa3aTeAbCTBO

AnropuTM AEUKCTPBL: AOKA3aTEABCTBO

Kak p0KazaTh, 4TO NOAy4YMBIIWECS B d 4KCAA — KpaTdaullne
paccToaHus?

AATOPUTMY HY>KHO, YTOOBI pé0pa OBIAM HEOTPHUIIATEABHEI.

Ha xa>xpoMm 1miare Mbel A0GaBASIEM B A€PEBO KpaT4alIux myTen
OATIRANNIYIO K CTAPTY BEPIIMHY W3 OCTaBITAXCA.

OT TPOTUBHOTO: TYCTh PACCTOTHNE A0 3TOM BEPIINMHBI PAaBHO
X, U [IPEAIIOAOXKHM, YTO MbI IIOTOM CMOXXEM HAWTU AO ITOU
BEPIINHEI OOAEe KOPOTKUM MYTH P.

PaccMoTpum AepeBO Ha HTOM IIare.
[TyTe p KOTAQ-TO BEIXOAWUT M3 3TOI'O A€peBa.

B 3TOT MOMEHT AAVHA p HE MEHBbIIle, YeM X: BEAb 3TO
OAMDKaUINast M3 BEPIIUH BHE AepeBa.

Bce caepyromuye pébpa B IyTH p HEOTPUIIATEABHEI.

3HaumnT, O0MIas AAMHA p He MeHbIlle X — ITpoTUuRopeune!
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o ITamMsThb:

@ Bpems:

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
ocCTaAbHEIE.
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o IMamsare: O(n).
@ Bpewmsi: moka uto O(n?)...

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
ocCTaAbHEIE.
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?

o IMamsare: O(n).

@ Bpewmsi: moka uto O(n?)...

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
OCTaAbHBILE.

He paGoTaeT, ecau B rpade ecth péodpa oTpuliaTeAbHOMU
AAWHEL.
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3

CKOABKO BpeMeHM U TaMATU TpPebyeTCsS aATOPUTMY?
[TamsTe: ©(n).

Bpemsi: noka uro O(n?)...

HaxoapnT KpaTualime MyTH U3 OAHOM BEPIIMHBI BO BCe
OCTaAbHBIE.

He paboTaeT, ecau B rpadpe ecTh pédpa oTpuilaTeALHOU
AAVHBL.

step 1
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3

CKOABKO BpeMeHM U TaMATU TpPebyeTCsS aATOPUTMY?
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3
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AAroput™ AEHKCTPEI Ananus
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Bpemsi: noka uro O(n?)...

HaxoapnT KpaTualime MyTH U3 OAHOM BEPIIMHBI BO BCe
OCTaAbHBIE.

He paboTaeT, ecau B rpadpe ecTh pédpa oTpuilaTeALHOU
AAVHBL.
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3
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Bpemsi: noka uro O(n?)...
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AAroput™ AEHKCTPEI Ananus

AaroputMm AEUKCTPHI: aHAAU3

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?

o IMamsare: O(n).

@ Bpewmsi: moka uto O(n?)...

o HaxopuT KpaTuadiliie NyTU U3 OAHOU BEPIIUHEL BO BCE
OCTaAbHBILE.

He paGoTaeT, ecau B rpade ecth péodpa oTpuliaTeAbHOMU
AAWHEL.

e Aagaitre yckopuM Ao O(mlogn).
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AATOpuTM AEHKCTPEL Koa 2

AaroputMm AEUKCTPBI: KOA 2

. ) o Brop,
1 vector <int> d (n, infinity):
2 9 11
3 vector <bool> vis (n); 123
4 int u = 0; 145
5 d[u] = 0; 27 8
6 while (u != -1) { 241
7 vis[u] = true; 463
8 for (auto e : adjlul) 475
9 if (dle.v] > d[u] + e.w) 589
10 dle.v] = d[u] + e.w; 795
11 561
13 u=-1; 159
14 for (int v = 0; v < n; v++)
15 if (!vis[v]) BrrBoa:
16 if (u == -1 || d[u]l > d[v]) 14
17 u = v;
18 }
19
20 int y = n - 1;
21 cout << d[y] << endl;
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AAroput™ AEHKCTPEI Koa 2

AaroputMm AEUKCTPBI: KOA 2

. ) o Brop,
1 vector <int> d (n, infinity):
2 vector <bool> vis (n); 9 11
3 set <pair <int, int> > s; 123
4 int x = 0; 145
5 d[(x] = 0; 27 8
6 s.insert ({d[x], x}); 241
7 while (!s.empty ()) 463
8 auto u = s.begin () -> second; 475
9 s.erase (s.begin ()); 589
10 vis[u] = true; 795
11 for (auto e : adj[u]) 561
12 if (lvis[e.v]) 787
13 if (dle.v] > d[u] + e.w) { 159
14 s.erase ({d[e.v], e.v}):
15 dl[e.v] = d[u] + e.w; BrrBoa:
16 s.insert ({d[e.v], e.v}):; 14
17 }
18 }
19
20 int y = n - 1;
21 cout << d[y] << endl;
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AAroput™ AEHKCTPEI Koa 2

AaroputMm AEUKCTPBI: KOA 2

. ) o Brop,
1 vector <int> d (n, infinity):
2 vector <bool> vis (n); 911
3 priority_queue <pair <int, int> > pg; 123
4 int x = 0; 145
5 dix] = 0; 278
6 pg.push ({-d[x], x}); 24l
7 while (!pqg.empty ()) { 463
8 auto u = pg.top ().second; 475
9 Pq.pop (); 589
10 if (vis[u]) 795
11 continue; 561
12 vis[u] = true; 787
13 for (auto e : adj[u]) 159
14 if (!vis[e.v])
15 if (d[e.v] > d[u] + e.w) { BrIBOA,
16 dle.v] = d[u] + e.w; 14
17 pg.push ({-d[e.v], e.v});
18 }
19 }
20
21 int y = n - 1;
22 cout << d[y] << endl;
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MIHIMAABHOE OCTOBHOE AE€PEBO

CopepxaHue

e MUHMMaABHOE OCTOBHOE AEPEBO
@ 3apaua

B3pemennasie rpagst 10.12.2025 32/44



3apaua

MUHIMaABHOE OCTOBHOE AEPEBO

3apaua

@ AaH CBSI3HbIV B3BelIIEHHBIA I'pad.
@ Mnl xoTuM BBIOpPaTh HEKOTOpPbIe péOpa rpada:

o péGpa AOAJKHBI COCTABASITH AEPEBO,
@ 3TO AEPEBO AOAIKHO COAEP’KAaTh BCE BEPIIUHBI rpada,

@ CyMMapHasi AAMHA 3THUX PEGep AOAKHA ObITb MUHHUMAABHA.

Bagemenubie rpadsl 10.12.2025

(MKH CII6I'Y)

>HKO et al.
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Aaroputm TTpuma

CopepxaHue

e AnroputM [Mpuma
@ lpes
@ Kop
@ ITpumep
@ AOKas3aTeAabCTBO
@ Amarms
@ CpasHeHUEe Kopa
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AnropuTm [prma Hpes

AnroputMm [lpuma: naesa

@ ByaeM cTpouTh AepeBO, HAYMHASA C OAHOU AKOOOU BEPIIWHEI.

@ ByaeM AAst Ka)KAOHM BepLUMHBI V BHE A€PeBa IIOAAEPIKHBATH
d(v): KpaTuaiiiiiee pacCTOSTHUE OT V AO KAaKOM-AMOO BEPIINHEI
AepeBa.

@ A raxkxe p(v) HOMep 3TOU BEPIIMHBI AePeBa.
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AnropuTm [prma Hpes

AnroputMm [lpuma: naesa

@ ByaeM cTpouTh AepeBO, HAYMHASA C OAHOU AKOOOU BEPIIWHEI.

o ByaeM AAS Ka’KAOHM BEPIIMHEBL V BHE AEPEBA IIOAAEPKUBATH
d(v): KpaTuaiiiiiee pacCTOSTHUE OT V AO KAaKOM-AMOO BEPIINHEI
AepeBa.

e A Takke p(v) HOMEp 3TO¥ BEPIIMHBI AepeBa.

o CaenaeM pOBHO N — 1 CAEAYIOIIUX IIArOB:

o /3 TOABKO UTO AOOABAEHHOU B A€PEBO BEPUIUHBI U PACCMOTPUM
KaXkpoe pebpo (u,v) Beca w U perakcupyem eé:

e Ecam d(v) > w, To 3amenum d(v) Ha w u p(v) Ha u.

e 1130 Bcex BepHIIMH BHE AepeBa BLIOEPEM AAS AOOABAEHUS TY,

paccTosHue A0 KOTOPOM MHHUMAABHO.
o Ecam TakuxX BepIIUH HE OCTAAOCH, 3aBEePILINM PaboTy.
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AnropuTm [prma Hpes

AnroputMm [lpuma: naesa

@ ByaeM cTpouTh AepeBO, HAYMHASA C OAHOU AKOOOU BEPIIWHEI.

@ ByaeM AAst Ka)KAOHM BepLUMHBI V BHE A€PeBa IIOAAEPIKHBATH
d(v): KpaTuaiiiiiee pacCTOSTHUE OT V AO KAaKOM-AMOO BEPIINHEI
AepeBa.

e A Takke p(v) HOMEp 3TO¥ BEPIIMHBI AepeBa.

o CaenaeM pOBHO N — 1 CAEAYIOIIUX IIArOB:

o /3 TOABKO UTO AOOABAEHHOU B A€PEBO BEPUIUHBI U PACCMOTPUM
KaXkpoe pebpo (u,v) Beca w U perakcupyem eé:

e Ecam d(v) > w, To 3amenum d(v) Ha w u p(v) Ha u.

o 30 BCcex BeplIMH BHe AepeBa BeIOepeM AAS AOOABAEHUS TY,
paccTosHue A0 KOTOPOM MHHUMAABHO.

o Ecam TakuxX BepIIUH HE OCTAAOCH, 3aBEePILINM PaboTy.

e MuHHMaAbBHOE OCTOBHOE AEPeBO — 3TO pébpa (v,p(v)) Ars
BCEX V, KPOMe CaMOM MepPBOU BePIIMHEL.
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Aaroputm TTpuma Koa

AnroputMm [lpuma: Kop

. i L Bsoa:
1 vector <int> d (n, infinity);
2 9 12
3 vector <bool> vis (n); 123
4 int u = 0; 145
5 d[u] = 0; 27 8
6 int res = 0; 241
7 while (u != -1) { 463
8 res += d[u]; 4 75
9 vis[u] = true; 589
10 for (auto e : adj[ul) 795
11 if (dle.v] > e.w) 651
12 dl[e.v] = e.w; 787
13 u=-1; 159
14 for (int v = 0; v < n; v++) 532
15 if (!vis[v])
16 if (u == -1 || d[ul > d[v]) BaIBOA:
17 u = v; 27
18 }
19 cout << res << endl;

et al. (MKH CII6r'Y) Bagemenubie rpadsl 10.12.2025 36/ 44



Aaroputm TTpuma Koa

AnroputMm [lpuma: Kop

0 Jo Ol WM

vector <int> d (n, infinity);
vector <int> p (n, infinity);
vector <bool> vis (n);

int u = 0;
d[ul] = 0;
int res = 0;
while (u != -1) {

if (u != 0)

cout << u + 1 << " " <<
plu] + 1 << ™ " << d[u] << endl;
res += d[ul;
vis[u] = true;

for (auto e : adjlul)
if (dle.v] > e.w) {
dle.v] = e.w;
ple.v]l = u;

}
u= -1;
for (int v = 0; v < n; v++)
if (!vis[v])
if (u == -1 || d[u] > d[v])
u = v;
}
cout << res << endl;

et al. (MKH CII6r'Y)
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AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep

step 1
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AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep

step 2
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AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep

step 3

HKO et al. (MKH CII6I'Y) Bagemenubie rpadsl 10.12.2025 37/44



AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep
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AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep
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AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep
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AnropuTm [prma Tlpumep

AnroputMm [lpuma: ipumep
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AnropuTm [prma AOKa3aTeAbCTBO

AnroputMm [lpuma: AOKa3aTeAbCTBO

@ Kak A0OKasaTh, UTO IIOAYUYHBIIEECS OCTOBHOE AEPEBO —
MUHHUMaAbHOe?
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AnroputMm [lpuma: AOKa3aTeAbCTBO
o Kak p0OKazarb, UTO [IOAYUHBIIEeCs OCTOBHOE AepPeBo —
MUHUMAAbHOE?
o [TycTh IpaBUABHBINM OTBET — MUHUMAABHOE AepeBO T.

e PaccMoTpuM mepBblii 1Iar, Ha KOTOPOM MBI B3siAu pebpo (u, v),
KoTOporo HeT B T.
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AnroputMm [lpuma: AOKa3aTeAbCTBO

@ Kak A0OKasaTh, UTO IIOAYUYHBIIEECS OCTOBHOE AEPEBO —
MUHHUMaAbHOe?

o [TycTh IpaBUABHBINM OTBET — MUHUMAABHOE AepeBO T.

e PaccMOTpMM TEpBBI I1aT, Ha KOTOPOM MBI B3sIAM pebpo (u, v),
KOTOpOTO HeT B T.

o AoGaBuM ero K pepeBy T, IOAYUUTCS IIHKA.

e ITocMoTpuM Ha AepeBO S, KOTOPOE MBI IOCTPOUAHM K 3TOMY
MOMEHTY.

e B nukae ectb pe6po (u,v), KOTOpoe mepecekaeT rpaHuiy S.

e 3HAUHUT, B IUKAE eCTh Apyroe peGpo (u,v'), KoTopoe Takxke
IepeceKkaeT rpaHUIny S.

o Paccmotpum pepeBo T ¢ pooGaBAeHHBIM (U, V) U YAAAEHHBIM
(u',v').

e OTO TOXXe OCTOBHOE AEPEBO, W €ro BeC He Ooablle Beca T, Tak
Kak Bec (u, V) MHUHUMaABHBIN CpeAr Bcex pébep,
IepeceKaolux rpaHuIy S.
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AnroputMm [lpuma: AOKa3aTeAbCTBO

o Kak AOKazaTh, UTO TTOAYUHMBIIIEECS OCTOBHOE AEpeBO —
MHUHHUMaAbHoOe?

o [TycTh IpaBUABHEBINM OTBET — MUHUMAABHOE A€peBO T.
e PaccMOTpMM TEpBBI I1aT, Ha KOTOPOM MBI B3sIAM pebpo (u, v),
KOTOpOTO HeT B T.
o AoGaBuM ero kK pepeBy T, IIOAYYHTCS LUKA.
e ITocmoTpuM Ha AepeBO S, KOTOPOE MBI TIOCTPOUAU K 3TOMY
MOMEHTY.
e B nukae ectb pe6po (u, v), KOTOpoe mepecekaeT rpaHuny S.
o 3HAYWUT, B LUKAE €CTh Apyroe pebpo (u',v’'), koTopoe Takxe
IepeceKaeT rpaHuny S.
e Paccmorpum paepeBo T ¢ AOGaBAEHHBIM (U, V) U YAAAEHHBIM
(', v).
e OTO TOXXEe OCTOBHOE AEPEBO, M €ro Bec He Ooarnire Beca T, Tak
Kak Bec (u,v) MUHUMAaABHBIN CPEAU BCex pébep,
IepeceKarlux rpa”Huny S.

@ 3aMeHdd Tak pPEOpa, IoAyUaeM, UTO Hallle AepeBO He Xyxe T.
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Aaroputm TTpuma Ananus

AnroputMm [lpuma: anaam3s

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?

o ITaMsaATh:

@ Bpems:
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Aaroputm TTpuma Ananus

AnroputMm [lpuma: anaam3s

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o IMamsare: O(n).
@ Bpems:
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Aaroputm TTpuma Ananus

AnroputMm [lpuma: anaam3s

@ CKOABKO BPEMEHU M NaMATH TPeOyeTcs aATOPUTMY?
o IMamsare: O(n).

e Bpems: O(n?), MmoxxHO yckopuTh A0 O(m log n).
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AnropuTm [prma CpaBHeHME KOAA

AevikcTpa u [IpuM: cpaBHeHHWe KOpaQ

1 vector <int> d (n, infinity);

2

3 vector <bool> vis (n);

4 int u = 0;

5 dfu] = 0;

6 while (u != -1) {

7 vis[u] = true;

8 for (auto e : adj[u])

9 if (d[e.v] > d[u] + e.w)
10 dle.v] = d[u] + e.w;
11
12
13 u = -1;

14 for (int v = 0; v < n; v++)

15 if (!vis[v])

16 if (u == -1 || d[u]l > d[v])
17 u = v;

18 }

19

20 int y = n - 1;

21 cout << d[y] << endl;
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AnropuTm [prma CpaBHeHME KOAA

AevikcTpa u [IpuM: cpaBHeHHWe KOpaQ

1 vector <int> d (n, infinity);

2

3 vector <bool> vis (n);

4 int u = 0;

5 dfu] = 0;

6 int res = 0;

7 while (u != -1) {

8 res += d[u]l;

9 vis[u] = true;

10 for (auto e : adj[ul)

11 if (dle.v] > e.w)

12 dle.v] = e.w;

13 u = -1;

14 for (int v = 0; v < n; v++)
15 if (!vis[v])

16 if (u == -1 || d[u]l > d[v])
17 u = v;

18 }

19 cout << res << endl;
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Aaroputm Kpac

CopepxaHue

e Anaropur™m Kpackara
@ lpes
@ A0Ka3aTeABCTBO
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Aaroputm Kpackaaa Hpes

Anroputm Kpackana: npes

@ byaeM cTpouTk AepeBO, HaumHasA ¢ rpada u3 n Bepmud u 0
péodep.
@ byaeMm paccvaTpuBaTh pébpa B MOPSAKE BO3pacTaHMs Beca.

o 1 6ypeM NOAAEPIKUBATHL KOMIIOHEHTHI CBA3HOCTHU B rpade.
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Aaroputm Kpackaaa Hpes

Anroputm Kpackana: npes

@ byaeM cTpouTk AepeBO, HaumHasA ¢ rpada u3 n Bepmud u 0
péodep.

@ byaeMm paccvaTpuBaTh pébpa B MOPSAKE BO3pacTaHMs Beca.

o 1 6ypeM NOAAEPIKUBATHL KOMIIOHEHTHI CBA3HOCTHU B rpade.

@ Ecau ouepepHOe pebpoO COeAUHSET pa3sAUUYHbIe KOMIIOHEHTHI
CBSIBHOCTHU, AODABUM €r0 B A€PEBO U OOBLEAVHUM KOMIIOHEHTHI
CBA3HOCTHU.

@ Ecau ouepepHOe pebpo COeAUHSIET BEPIIMHbI U3 OAHOM
KOMTIOHEHTHI CBSI3HOCTH, MPOIYCTUM 3TO pebdpo.
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Aaroputm Kpackaaa Hpes

Anroputm Kpackana: npes

ByaeM cTpouTk AepeBO, HaumHas ¢ rpadpa u3 n Bepmud u 0
péodep.

ByaeMm paccvaTpuBaTh pébpa B MOPSAKE BO3pacTaHMs Beca.
U 6ypeM NOAAEPIKUBATH KOMIIOHEHTHI CBS3HOCTH B Irpade.

EcAm ouepepHoe pebpo CoepArHSEeT pa3dAMYHbie KOMIIOHEHTHI
CBSIBHOCTHU, AODABUM €r0 B A€PEBO U OOBLEAVHUM KOMIIOHEHTHI
CBA3HOCTHU.

Ecau ouepepHoe pebpo COepAUHSeT BEPIIUHbI U3 OAHOM
KOMTIOHEHTHI CBSI3HOCTH, MPOIYCTUM 3TO pebdpo.

OcHOBHas 4acThb KOAQ — CUCTEeMa HellepeCeKaloInXcs
MHOJXECTB C TTPOIIIAOTO 3aHATHA.
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Aaroputm Kpackaaa AOKa3aTeAbCTBO

AnroputMm Kpackana: AOKa3aTeAbCTBO

@ Kak A0OKasaTh, UTO IIOAYUYHBIIEECS OCTOBHOE AEPEBO —
MUHHUMaAbHOe?
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AnroputMm Kpackana: AOKa3aTeAbCTBO
o Kak p0OKazarb, UTO [IOAYUHBIIEeCs OCTOBHOE AepPeBo —
MUHUMAAbHOE?
o [TycTh IpaBUABHBINM OTBET — MUHUMAABHOE AepeBO T.

e PaccMoTpuM mepBblii 1Iar, Ha KOTOPOM MBI B3siAu pebpo (u, v),
KoTOporo HeT B T.
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AnroputMm Kpackana: AOKa3aTeAbCTBO

@ Kak A0OKasaTh, UTO IIOAYUYHBIIEECS OCTOBHOE AEPEBO —
MUHHUMaAbHOe?

o [TycTh IpaBUABHBINM OTBET — MUHUMAABHOE AepeBO T.

e PaccMOTpMM TEpBBI I1aT, Ha KOTOPOM MBI B3sIAM pebpo (u, v),
KOTOpOTO HeT B T.

o AoGaBuM ero K pepeBy T, IOAYUUTCS IIHKA.

o TTOCKOABKY B HAlIEM PELICHWH U U V A€KAT B PA3HBIX
KOMIIOHEHTAaX CBSI3HOCTH, B 3TOM LIMKAE €CTh APyroe pebpo
(u’,v'), KOoTOPOE MBI €I1I€ HEe PACCMOTPEAH.

e Paccmotpum aepeBo T ¢ AOGABAEHHBIM (U, V) U YAQAEHHBIM
(', v").

e OTO TOXKe OCTOBHOE AEPEBO, W ero BeC He Goablie Beca T, Tak
Kak Bec (u,v) He GOAbIIe Beca AIOOOTO APyroro pebpa, KoTopoe
MBI PACCMOTPHUM TIO3KE.
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AnroputMm Kpackana: AOKa3aTeAbCTBO

@ Kak A0OKasaTh, UTO IIOAYUYHBIIEECS OCTOBHOE AEPEBO —
MUHHUMaAbHOe?

o [TycTh IpaBUABHBINM OTBET — MUHUMAABHOE AepeBO T.

e PaccMOTpMM TEpBBI I1aT, Ha KOTOPOM MBI B3sIAM pebpo (u, v),
KOTOpOTO HeT B T.

o AoGaBuM ero K pepeBy T, IOAYUUTCS IIHKA.

o TTOCKOABKY B HAlIEM PELICHWH U U V A€KAT B PA3HBIX
KOMIIOHEHTAaX CBSI3HOCTH, B 3TOM LIMKAE €CTh APyroe pebpo
(u’,v'), KOoTOPOE MBI €I1I€ HEe PACCMOTPEAH.

e Paccmotpum aepeBo T ¢ AOGABAEHHBIM (U, V) U YAQAEHHBIM
(', v").

e OTO TOXKe OCTOBHOE AEPEBO, W ero BeC He Goablie Beca T, Tak
Kak Bec (u,v) He GOAbIIe Beca AIOOOTO APyroro pebpa, KoTopoe
MBI PACCMOTPHUM TIO3KE.

@ 3ameHsdd Tak pPEOpa, IIoAyYaeM, UTO Hallle AepeBO He Xyxe T.
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3aBepiienne

Bomipocsr?

Bormipocsr?
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