3arnaBHAs CTPAHUIA

['padosr

Bopuc 3oaotor (B06, B09)
HMpan Kazmenko (BO1)
Baaapmcaar Maxkapos {B02, 03, B0)5)
Apuna Ouanmonosa (510)

CaHkT-IleTepOyprckutt I'ocyaapCcTBEeHHBIN YHHUBEPCUTET

BropHuk, 3 Aekabpst 2024 ropa

MBau Kasmernko et al. (CIIoLY) Ipadsr 03.12.2024

1729



Copeprranne

CopepxaHue

@ Bzepenue
@ OmnpepereHuUst
@ 3apaHue rpada
@ XpaHeHue rpada
e Kop,

© TTouck B mmpuny
@ [Tpumep
o Kop,

e [Nouck B rayOunHYy
o [Ipumep
o Kop

eHko et al. (CIIGLY) Ipadsr

@ Hessure rpadsr

@ KaeTuaTasi AoCKa
o [TTaxMaTHBIM KOHb

e 3apaun

o CBsI3HOCTH

@ AepeBo

@ Tomoaoruueckas
COPTUPOBKA

@ MocCThI

03.12.2024

2/29



BeepeHmIe

CopepxaHue

@ Bzepenue
@ OmnpepereHuUst
@ 3apaHue rpada
@ XpaHeHue rpada
e Kop,

WBan Kasmenko et al. (CIIGLY) I'pachsr

03.12.2024

3729



Breaenmne Omnpeaenenus

Omnpepenrenus

Omnpepenenvie: Tpad (HeOpHMeHTUPOBaHHBIHN) — 3TO mapa (V, E), rae
V — MHO>XeCTBO BepllnH, a E — MHOXXeCTBO (HEOpUEeHTUPOBAHHBIX)
pédep. Kaxxpoe peOpo — 5TO HEYTIOPSIAOUEHHAs Tapa BepIInH.
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Breaenmne Omnpeaenenus

Omnpepenrenus

OnpepenreHne: OpHeHTUPOBAHHBIN Tpad (oprpad) — 3To napa
(V,E), rae V — MHOXeCTBO BepIluH, a E — MHOXeCTBO Ayr

(opreHTHPOBaHHBIX pédep). Kaxkpoe pebpo — 3To yrmopsaoueHHas
rapa BepIlnH.
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Omnpepenrenus

OmnpepenreHHe: AepPeBO — 3TO CBI3HBIN Ipad 6e3 IIHUKAOB.
Heobxogumble onpegeAeHUsl! KOMNLOHEHMA CBA3HOCIMU, CBSA3HbI

rpag, UUKA.
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Omnpepenrenus

KpuTepnit: OOBIKHOBEHHBIN Tpad ABASIETCI AEPEBOM, €CAU OH
cBsizeH u |E| = |V] — L.
Heobxogumoe onpegeaenue: 00bIKHOBEHHHBIU (npocmoli}) rpadgp.
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BeepeHne Xpanenue rpacda
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BeepeHne Xpanenue rpacda

CHImMcKy CMEe>XHBIX BEpIIVH

BBoa:
911 1
12 2
2 7 3
2 4 4
41 5
7 2 6
4 6 7
4 7 8
5 8 9
7 4
8 5
9 7
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MaTpuiia CMe>KHOCTHU

. . Broa,
1 #include <iostream> 0123456 78
2 #include <vector> ig olol1lol1lo]lolololo
i using namespace std; 12 11lolol1lolol1 o0
5  int main () { 2 7 2|0(0f(0f0)JO|O|OfO]O
6 int n, m; 2 4 3|1({1|({0f(0|JO|1|1(0]O
7 cin >> n >> m; 46 4(o(o|o|ojo|ofof1]0
8 vector <vector <int> > a (n, 47 s5lololol1lo]lolo]lolo
9 vector <int> (n, 0)); S 8 elol1lol1ilolololol1
10 for (int j = 0; § <m; j++) (79
11 int u, v: 710/0|0(0|1]0|0|OfO
12 cin >> u >> v; 8|0[0j0j0jO]0O]1[0]0O
13 u -=1;
14 v —= 1;
15 alul[v] = 1;
16 alv][u]l = 1;
17 }
18 return 0;
19 1}
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. . Broa,
1 #include <iostream> 012 3 456 78
2 #include <vector> i;l olol1lololololololo
i using namespace std; 55 1lololol1lolol1lol0
5  int main () { 2 4 2|0(0f(0f0)JO|O|OfO]O
6 int n, m; 4 1 3|1(0f(0f0|JO|1|1(0]O
7 cin >> n >> m; 72 4(o(o|o|ojo|ofof1]0
8 vector <vector <int> > a (n, 46 s5lololololo]lolo]lolo
9 vector <int> (n, 0)); 47 elol1lol1lololololo
10 for (int 3§ = 0; j < m; j++) { 58
11 int u, v: 7 4 710/0|0(0|1]0|0|OfO
12 cin >> u >> v; 8 5 8(0|0jO0f0O|0O]|Of1]0]O
13 u-= 1; 97
14 v —= 1;
15 afullvl = 1;
16
17 }
18 return 0;
19 1}
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CHImMcKy CMEe>XHBIX BEpIIVH

1 #include <iostream> Broa 0 3

2 #include <vector> 98

3 using namespace std; 12 1 6 3
4 1 4 2

5 int main () { 27 3]0 1 5 6
6 int n, m; 2 4 4| 7

7 cin >> n >> m; 46 53]

8 vector <vector <int> > adj (n): 47

9 5 8 61 3 8
10 for (int § = 0; j < m; F++) { 79 7] 4]

11 int u, v; 8| 6

12 cin >> u >> v; o

13 u -=1;

14 v —= 1;

15 adjl[u] .push_back (v):

16 adj[v].push_back (u);

17 }

18 return 0;

19 1}
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CHImMcKy CMEe>XHBIX BEpIIVH

1 #include <iostream> Broa o1

2 #include <vector> 9 11

3 using namespace std; 12 16 3
4 27 2

5 int main () { 2 4 3]0 5 6
6 int n, m; 41 4| 7

7 cin >> n >> m; 72 5

8 vector <vector <int> > adj (n): 4 6

9 4 7 61 3
10 for (int § = 0; j < m; F++) { 5 8 7| 4
11 int u, v; 74 8| 6
12 cin >> u >> v; 8 5

13 u -= 1; 97

14 v —= 1;

15 adjl[u] .push_back (v):

16

17 }

18 return 0;

19 1}
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Broa: BriBoa:
11 12 1: 0
16 3: 1
14 4: 1
6 7 6: 1
25 5: 2
4 3 2: 2
4 2 T 2
5 8 8: 3
7 8 9: 3
79

13

35

10 11

3apava: HaMAMTE KpaTdaliliue paccTos-
HUS OT BepHIUHBLI 1 A0 BCEX OCTAABLHBIX
BEPIIINH.
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[Mouck B mupuny Tlpumep

Broa: BriBoa:
11 12 1: 0
16 3: 1
14 4: 1
6 7 6: 1
25 5: 2
4 3 2: 2
4 2 T 2
5 8 8: 3
7 8 9: 3
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[Mouck B mupuny Tlpumep

Broa: BriBoa:
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Kop, breadth-first search

2 Bripon:
2 int const infinity = 1E9 + 1; L0
3 VA V4 3: 1
4 vector <int> d (n, infinity); 4: 1
5 queue <int> q; 6: 1
6 o1 = o; 202
7 g.push (0); 2: 2
8 while (!q.empty ()) { 7: 02
9 auto v = gq.front (); 8: 3
10 q.pop (); 9 3
11 cout << v + 1 << ": " << d[v] << endl;

12 for (int u = 0; u < n; u++) if (alv][ul) {

13 if (d[u] == infinity) {

14 d[u] = d[v] + 1;

15 g.push (u);

16 }

17 }

18 }

19 /* */
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Kop, breadth-first search

1 Jr oy Brreoa:
2 int const infinity = 1E9 + 1; L0
3 /L. %/ 3: 1
4 vector <int> d (n, infinity); 4: 1
5 queue <int> g; 6: 1
6 dro] = 0; 5: 2
7 g.push (0); 2: 2
8 while (!q.empty ()) { 7: 02
9 auto v = gq.front (); 8: 3
10 g.pop (); 9 3
11 cout << v + 1 << ": " << d[v] << endl;

12 for (auto u : adj(v]) {

13 if (d[u] == infinity) {

14 dlu] = d[v] + 1;

15 g.push (u);

16 }

17 }

18 }

19 /* */
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[Nouck B rayt Koa,
Kopa, depth-first search
1 /% ... %/ BrrBoa;
2 vector <vector <int> > a; %n 1
3 vector <bool> vis; in 3
4 int n, m; in 4
5 in 2
6 void dfs (int v) { in 5
7 if (vis[v]) in 8
8 return; in 7
9 vis[v] = true; in ¢
10 cout << "in " << v + 1 << endl; out 6
11 for (int u = 0; u < n; ut+) if (a[v]l[ul) { in 9
12 dfs (u); out 9
13 } out 7
14 cout << "out " << v + 1 << endl; out 8
15 } out 5
16 Jr . */ out 2
17 vis = vector <bool> (n): out 4
18 dfs (0); out 3
19 /* */ out 1
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[Nouck B rayt Koa
Kopa, depth-first search
1 e %y Brreoa:
2 vector <vector <int> > adj; in 1
3 vector <bool> vis; in 6
4 int n, m; in 7
5 in 8
6 void dfs (int v) { in 5
7 if (vis[v]) in 2
8 return; in 4
9 vis[v] = true; in 3
10 cout << "in " << v + 1 << endl; out 3
11 for (auto u : adj[v]) { out 4
12 dfs (u); out 2
13 } out 5
14 cout << "out " << v + 1 << endl; out 8
15 } in 9
16 Jr . */ out 9
17 vis = vector <bool> (n): out 7
18 dfs (0); out 6
19 J* */ out 1
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CopepxaHue

@ Hessure rpadsr
@ KaeTuaTasi AoCKa
o [TTaxMaTHBIM KOHb
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Hesasable rpadst KaeTuaTas pocka

KaeTuaTass AOCKa

IMpumep 1:
@ EcTb KareTuaTast AOCKa.
@ HekoTopble KAETKU 3aHSITHI.
o CoCepHUMH CUMTAIOTCSA KAETKH, MMeIoIye OOLIYIO CTOPOHY.
°

3a OAVH IIar MOJKHO IIepeMemaThCs Ha COCEAHIOI HEe3aHSTYIO
KAETKY.

OHpeAeAI/ITe, AOKYAd MOXXHO AOGpdTBCH "3 HAaYaAbHOMW KAETKU,
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@ 3a OAMH LIar MOJKHO IIepeMeliaThCsl Ha COCEAHIOI HEe3aHSTYIO
KAETKY.

e OmpepeAnuTe, AOKYAQ MOKHO AOOPAThCS U3 HAaYaAbHOM KAETKU.
Kaxk OypeM peniaTs:

o ['pacd: BepHINHBEI — KAETKH, péOpa — MEPEXOABL B COCEAEH.
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o CoCepHUMH CUMTAIOTCSA KAETKH, MMeIoIye OOLIYIO CTOPOHY.

@ 3a OAMH LIar MOJKHO IIepeMeliaThCsl Ha COCEAHIOI HEe3aHSTYIO
KAETKY.

@ OmpepenanTe, AOKYAQ MOKHO AOODATHCS U3 HAYAaABHOU KAETKH.
Kaxk OypeM peniaTs:

o ['pacd: BepHINHBEI — KAETKH, péOpa — MEPEXOABL B COCEAEH.

o Hy>XHO Hall'TH KOMIIOHEHTY CBSI3HOCTH HAQUAABbHOM KAETKHU.

o ByaeM HyMepoBaThk BEPUIVHEI U pEOpPa?
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Hesasable rpadst KaeTuaTas pocka

KaeTuaTasg pAOCKa — pelleHue

@ I'pad: BeplIuHbI — KAETKM, PEOPa — [IEPEXOABI B COCEAEN.

o Hy>xHO Hall'TH KOMIIOHEHTY CBSI3HOCTH HAQUAABHOM KAETKH.

@ BepmmHa — 9T0 KOOpPAMHATHI (row, col).
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Hesasable rpadst KaeTuaTas pocka

KaeTuaTasg pAOCKa — pelleHue

I'pad: BeplIMHBI — KAETKU, PEOPa — IIEPEXOABI B COCEAEN.
Hy>xHO HallT¥ KOMIIOHEHTY CBSI3HOCTH HAQUAABbHOM KAETKH.

BepiiHa — 3TO KOOPAWHATHI (row, col).
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KaeTuaTas pocka

KaeTuaTasg pAOCKa — pelleHue

W ~J o U WN P

@ I'pad: BeplIuHbI — KAETKM, PEOPa — [IEPEXOABI B COCEAEN.

o Hy>xHO Hall'TH KOMIIOHEHTY CBSI3HOCTH HAQUAABHOM KAETKH.

int const dirs = 4;
int const dRow [dirs] = {-1, 0, +1, 0};
int const dCol [dirs] = { 0, -1, 0, +1};

VA V4

void dfs (int row, int col) {

if (vis[row]
vis[row][col
for (int dir
int nRow

int nCol

if (0 <=

0 <=

'wal

1eako et al. (CIIGrY)

[col]) return;

] = true;

= 0; dir < dirs; dir++) {
= row + dRow[dir];

col + dCol[dir];

nRow && nRow < rows &&
nCol && nCol < cols &&
1[nRow][nColl) {

dfs (nRow, nCol);

padsr 03.12.2024

18729



HesiabIe rpadst IllaxMaTHBEI KOHB

[HlaxMaTHBIUM KOHB

[Mpumep 2:

@ Ha miaxmaTHOM AOCKE N X N B KAETKE A CTOUT KOHB.

@ 3a KakKoe MHMHUMaAbHOE KOAMYECTBO XOAOB OH MOYKET IIOIIACThb
B KAETKY B?
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HesiabIe rpadst IllaxMaTHBEI KOHB

[HlaxMaTHBIUM KOHB

[Mpumep 2:
e Ha maxmMaTHOM AOCKe n X N B KAeTKe A CTOUT KOHb.

@ 3a KakKoe MHMHUMaAbHOE KOAMYECTBO XOAOB OH MOYKET IIOIIACThb
B KAETKY B?

Kaxk OyaeM perniaTh:

o ['pac: BepIIUHBI — KAETKH, pEOPa — XOABI KOHS.
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HesiabIe rpadst IllaxMaTHBEI KOHB

[HlaxMaTHBIUM KOHB

[Mpumep 2:
e Ha maxmMaTHOM AOCKe n X N B KAeTKe A CTOUT KOHb.

@ 3a KakKoe MHMHUMaAbHOE KOAMYECTBO XOAOB OH MOYKET IIOIIACThb
B KAETKY B?

Kaxk OyaeM perniaTh:
o ['pac: BepIIUHBI — KAETKH, pEOPa — XOABI KOHS.

("] HY}KHO 3dllyCTUTL TIOMCK B IMINUPUHY U3 KACTKU A.
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IllaxMaTHBEI KOHB

[ITaxMaTHBIU KOHb — pelleHne

W ~J o0 WN P

o I'padp: BepLIMHEI — KAETKH, PEOpPA — XOABL KOHSI.

@ Hy’KHO 3aIlyCTUTh IOMCK B LIMPHUHY U3 KAETKU A.

int const dirs = 8;
int const dRow [dirs]
int const dCol [dirs]
VA 4

, =2, -2, -1, +1, +2, +2, +1};
, -1, +1, +2, +2, +1, -1, -2};

|
—~ -
|
N =

while (!g.empty ()) {
int row = g.front ().first;
int col = g.front ().second;

qg.pop ();
for (int dir
int nRow
int nCol
if (0 <=
0 <=

= 0; dir < dirs; dir++) {
= row + dRow[dir];

= col + dCol[dir]:

nRow && nRow < rows &&
nCol && nCol < cols &&

d[nRow][nCol] == infinity) {
d[nRow] [nCol] = d[row][col] + 1;
g.push (make_pair (nRow, nCol));

1eako et al. (CIIGrY)
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3apaun

CopepxaHue

e 3apaun
o CBsI3HOCTH
@ AepeBo
@ TomoaoruvecKkast
COPTUPOBKA
@ MocCThI
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3apaun CBSI3HOCTE

CBS3HOCTH

AaH HeopueHTUPOBAHHBIN rpad. [IpoBepsTe, CBSI3€H AU OH.
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3apaun CBSI3HOCTE

CBS3HOCTH

AaH HeopueHTUPOBAHHBIN rpad. [IpoBepsTe, CBSI3€H AU OH.
Kak OypeMm pemnrars:

@ 3amyCTUM TIOHMCK M3 AIOOOM BepITUHEI.
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3apaun CBSI3HOCTE

CBS3HOCTH

AaH HeopueHTUPOBAHHBIN rpad. [IpoBepsTe, CBSI3€H AU OH.
Kak OypeMm pemnrars:

@ 3amyCTUM TIOHMCK M3 AIOOOM BepITUHEI.

@ MO>KHO TIOUCK B ITUPUHY, MOKHO TIOMCK B TAYOUHY.
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3apaun CBSI3HOCTE

CBS3HOCTH

AaH HeopreHTUpPOBaHHbIM Ir'pad. [TpoBepbTe, CBA3€H AW OH.
Kaxk OyaeM perniaTh:

@ 3amyCTUM IIOMCK K3 AIOOOU BEPIIVHEL.
@ MOXHO IOMCK B IIUPUHY, MOKHO IIOUCK B IAYOHHY.

o [TpoBepuM, UTO MBI IIOCETUAN BCE BEPIIIUHEI.
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3apaun AepeBo

AepeBo

AaH HeopueHTUPOBAHHBIN Ipad. [IpoBepsTe, ABASIETCS AW OH
AEPEBOM.
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AepeBo

AaH HeopueHTUPOBAHHBIN Ipad. [IpoBepsTe, ABASIETCS AW OH
AEPEBOM.
Kak OyaeM peniaTs:

@ ITpoBepuM CBSIBHOCTD.
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AepeBo

AaH HeopueHTUpPOBaHHbIM I'pad. [IpoBepbTe, ABASIETCA AU OH
AEPEBOM.
Kak OyaeMm pemnrars:

@ [poBepuM CBSI3HOCTb.

e [IpoBepum, uto |V|= |E| + 1.
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Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
TAKOM IIOpsIAKE, UTOOBL BCE AYTH CAEAOBAAM OT OOA€E PAHHUX
BepIIUH K O0Aee TTO3AHUM. VAU BBISICHUTE, YTO 3TO HEBO3ZMOKHO

WBan Kasmenko et al. (CIIGLY)
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Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
TAKOM IIOpsIAKE, UTOOBL BCE AYTH CAEAOBAAM OT OOA€E PAHHUX
BepIIUH K O0Aee TTO3AHUM. VAW BBISICHUTE, YTO DTO HEBO3MOJKHO.
ITpumep 1:

Bsoa: BriBoA:

6 YES
153214
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Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
TAKOM IIOpsIAKE, UTOOBL BCE AYTH CAEAOBAAM OT OOA€E PAHHUX
BepIIUH K O0Aee TTO3AHUM. VAW BBISICHUTE, YTO DTO HEBO3MOJKHO.
ITpumep 2:

Bsoa: BriBoA:

6 NO

RN WO RO
w o NN W,
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Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
TAKOM IIOpsIAKE, UTOOBL BCE AYTH CAEAOBAAM OT OOA€E PAHHUX

BEepIIUH K OoAee MO3AHUM. MIAM BBISICHUTE, 4TO 3TO HEBO3MOXKHO.
Kak OypeMm penrars:

o [TocemaeM BepIIMHEI IIOUCKOM B FAyOHHY.
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Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
TAKOM IIOpsIAKE, UTOOBL BCE AYTH CAEAOBAAM OT OOA€E PAHHUX

BEepIIUH K OoAee MO3AHUM. MIAM BBISICHUTE, 4TO 3TO HEBO3MOXKHO.
Kak OypeMm penrars:

o [TocemaeM BepIIMHEI IIOUCKOM B FAyOHHY.
o [lycTh MBI HAXOAMMCSI B KaKOHU-TO BEpPIINHE V.

@ YCAOBUMCS, UTO, KOTAA BepIlllHa MocelieHa, oHa BBIBEAEHa, TO
ecTb poOaBAEHA B IIOPSAOK.

WBan Kasmenko et al. (CIIGLY)

Cpacst 03.12.2024 24/29



Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
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@ YCAOBUMCS, UTO, KOTAA BepIlllHa MocelieHa, oHa BBIBEAEHa, TO
ecTb poOaBAEHA B IIOPSAOK.

@ IToceTtum Bce BEePIIMWHEBI U, N3 KOTOPBIX €CTh AyTa U — V.
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Tommoarormyeckass COpTUPOBKA

AaH oprUeHTHPOBaHHBIN Tpad. PacmoAokuTe ero BepIIWHBI B
TAKOM IIOpsIAKE, UTOOBL BCE AYTH CAEAOBAAM OT OOA€E PAHHUX
BepUINH K 60Aee TTO3AHUM. VAW BBIICHUTE, YTO 3TO HEBO3MOJKHO.
Kak OypeMm penrars:

o [TocemaeM BepIIMHEI IIOUCKOM B FAyOHHY.
o [lycTh MBI HAXOAMMCSI B KaKOHU-TO BEpPIINHE V.

@ YCAOBUMCS, UTO, KOTAA BepIlllHa MocelieHa, oHa BBIBEAEHa, TO
ecTb poOaBAEHA B IIOPSAOK.

@ IToceTtum Bce BEePIIMWHEBI U, N3 KOTOPBIX €CTh AyTa U — V.

@ ITocae 3TOrO BbIBEAEM BepUINHY V, TeM CaMbIM BbIIIOAHNB
Halie yCAOBUE.
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CEVEECGEll Toronormueckast COPTHPOBKA

Tommoarormyeckass COpTUPOBKA

Kak Hamrtu Bce Takue u, AAS KOTOpPBIX U — v?
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Tommoarormyeckass COpTUPOBKA

Kak Hamrtu Bce Takue u, AAS KOTOpPBIX U — v?

@ MO>KHO XpaHUThL He caMU pébpa (u — v), a obpaTHbIE K HUM
(v = u).
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Tommoarormyeckass COpTUPOBKA

Kak Hamrtu Bce Takue u, AAS KOTOpPBIX U — v?

@ MO>KHO XpaHUThL He caMU pébpa (u — v), a obpaTHbIE K HUM
(v = u).

@ MoskHO HaWTH OOpPaTHRIN MOPSIAOK, & TTOTOM ero TepeBepHYTh.
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CEVEECGEll Toronormueckast COPTHPOBKA

Tommoarormyeckass COpTUPOBKA

Kax BBIICHUTE, UTO OTBET He CYIIeCTBYeT?
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CEVEECGEll Toronormueckast COPTHPOBKA

Tommoarormyeckass COpTUPOBKA

Kax BBIICHUTE, UTO OTBET He CYIIeCTBYeT?
@ Y BepIIMHBLI TPU COCTOSHUS:

0 emgé me mocemanan (fresh),
1 HavaAu moceniaTk U He 3akKoHUYUAU (busy),
2 y>xe nmocetuAru (done).
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Tommoarormyeckass COpTUPOBKA

Kaxk BBIICHUTEB, YTO OTBET HE CYIIECTBYET?
@ Y BepIUHBI TPU COCTOSTHUS:
0 emgé me mocemanan (fresh),
1 HavaAu moceniaTk U He 3akKoHUYUAU (busy),
2 y>xe nmocetuAru (done).
¢ Ecam MBI IPUINIAY TTOCENAaTh BEPIINHY B COCTOSHUM fresh,
3aIlyCKaeM aATOPUTM B HEW.
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Tommoarormyeckass COpTUPOBKA

Kaxk BBIICHUTEB, YTO OTBET HE CYIIECTBYET?
@ Y BepIUHBI TPU COCTOSTHUS:
0 emgé me mocemanan (fresh),
1 HavaAu moceniaTk U He 3akKoHUYUAU (busy),
2 y>xe nmocetuAru (done).
¢ Ecam MBI IPUINIAY TTOCENAaTh BEPIINHY B COCTOSHUM fresh,
3aIlyCKaeM aATOPUTM B HEW.

o EcAm MBI IpUITIAY TIOCeIaTh BEPITUHY B COCTOSSHUU done,
HUYero He AeAaeM C Hel.
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Tommoarormyeckass COpTUPOBKA

Kaxk BBIICHUTEB, YTO OTBET HE CYIIECTBYET?
@ Y BepIUHBI TPU COCTOSTHUS:
0 emgé me mocemanan (fresh),
1 HavaAu moceniaTk U He 3akKoHUYUAU (busy),
2 y>xe nmocetuAru (done).
¢ Ecam MBI IPUINIAY TTOCENAaTh BEPIINHY B COCTOSHUM fresh,
3aIlyCKaeM aATOPUTM B HEW.

o EcAm MBI IpUITIAY TIOCeIaTh BEPITUHY B COCTOSSHUU done,
HUYero He AeAaeM C Hel.

@ Ecam MBI IIpUITIAN TIOCelllaTh BepHinHYy B COCTOSHUU bU_SY,
SHAYUT, MBI HAIITAW ITUKA, 1 OTBET HE CYIIEeCTBYeT.
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TororoTmYeCcKasi COpTUPOBKA — KOA

W J o Ul WN P

PR R R R R PR
Lo U s WN F O

18

vector
vector
vector
int n,

<vector <int> > adj;
<int> vis;

<int> order:;

m;

enum {fresh, busy, done};

bool dfs (int v) {
if (vis[v] != fresh)

return vis[v] == done;

vis[v] = busy;
for (auto u : adj(vl])

if (!dfs (u))
return false;

order.push_back (v);
vis[v] = done;
return true;

reuko et al. (CIIorY) Ipadsr
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Toroaroruvgeckasi COpTUPOBKA

TororoTmYeCcKasi COpTUPOBKA — KOA

1 cin >> n >> m;

2 adj = vector <vector <int> > (n):
3 for (int j = 0; j < m; j++) {
4 int u, v;

5 cin >> u >> v;

6 u -=1;

7 v —= 1;

8 adjl[v].push_back (u);

9 }

10

11 vis = vector <int> (n):

12 bool ok = true;

13 for (int v = 0; v < n; v++)
14 ok &= dfs (v);

15

16 if (ok) {

17 cout << "YES" << endl;

18 for (auto v : order)

19 cout << v + 1 << " ;
20 cout << endl;
21 }
22 else
23 cout << "NO" << endl;
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Eiizd MocTer

MocThI

AaH HeOpHeHTUPOBAHHBIN Ipad. HaipauTe BCe MOCTBI B HEM:

pEOpa, IIpU yAAAEHUHM KOTOPBIX KOAWYECTBO KOMIIOHEHT CBSI3HOCTU
YBEAMYNBAETCH.

WBan Kasmenko et al. (CIIGLY)
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MocThI

AaH HeOpHeHTUPOBAHHBIN Ipad. HaipauTe BCe MOCTBI B HEM:

pEOpa, IIpU yAAAEHUHM KOTOPBIX KOAWYECTBO KOMIIOHEHT CBSI3HOCTU
YBEAMYNBAETCH.

ITpumep:

3Aech MOCThI — pebpa 4—6 u 7-9.

WBan Kasmenko et al. (CIIGLY)
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MocThI

Hpes pelieHus:

3allyCcTuM IIOUCK B I'AyOUHY OT BCEX elllé He IIOCEIEHHbIX BEepILIUH,
3aTIUIIEM BPEMS BXOAA B Ka>KAOU BepInHe (CUHEee UMCAO).
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3apaun MocTer

MocThI

Hpes pelieHus:

AAS Ka)KAOW BepHIMHbI PACCMOTPUM €€ IOAAEPEBO B IIOMCKE B
rAyOMHY (KpacHble CTpeAKHU). Bce péGpa, He BOIIEAIINE B AEPEBO —
obOpaTHble pedpa (Y€pHble).
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MocThI

Hpes pelieHus:

[MocMoTpuM, Kakue BpeMeHa BX0AA AOCTUKUMBI, €CAU XOAUTH 110
3TOMY TIOAAEPERY M B KOHIIE, MOXKET OBITh, TPOUTH TTO 06paTHOMY
pebpy. 3anuireM MUHUMAABHOE M3 HUX (KPAaCHOE YHCAO).
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3apaun MocTer

MocThI

Hpes pelieHus:

EcaAm B BepmIMHe CHHEE YHCAO (BpeMs BXOAA) PABHO KPAcCHOMY
(MMHUMYM AOCTMIKUMBIX), TO peOpo AepeBa, MAyIlee B oTy
BEPUINHY, ABASETCSI MOCTOM (€CAM OHO €CTBh).
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MocThI

Hpes pelieHus:

Kaxk OpICTpPO MOCYUTATHE 3TOT MUHUMYM? OTO MUHHMYM K3
BpeMeHM BXOAa (CHMHee YUCAO), BpeMEH BXOAA B cOceper (UuépHoe
pebpo, CUHee UUCAO) U OTBETOB B IIOAAEPEBBAX (KpacHas CTPEAKa,
KpacHOe YUCAO).
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3aBepiienne

Bomipocsr?

Bormipocsr?
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