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BBE/JIEHUE

[esibio Hacrosiieir paborsl sBJsieTcst u3ydeHue padoThl bpeitMBOpKa, JiJist
kpoccmiardopmennoit paspadborku "Flutter"u paspaborka npuioxkenust st co-
371aHns IpadOB U B3AUMOIEHCTBUSI ¢ HUMU.

ITocTaBensl 3aa4n:

— pasbop ajaropuTmMoB Ha rpadax
— pasbop pabornl ¢ Flutter

— HOCTPOEHUE MMPUJIOKEHU A



1 BBenenue
1.1 I'padnr
I'pad — mMaremarudeckuit 00bLEKT, COCTOSIINN 13 JBYX MHOKecTB. OIHO U3

HUX — JII0OOEe KOHEYHOE MHO2KECTBO, €I'0 9JICMEHTbI Ha3bIBalOTCA 6EPWUHAMU T'Da-

da. JIpyroe MHOXKECTBO COCTOUT M3 AP BEPITUH, ST Maphl HA3BIBAIOTCS PEOPAMU

rpacda. |]

1.2 OcHOBHBIE OIIpeIeIEHUS

OpuentupoBanHbiii rpad onpenensercs kak napa (V, E), tne V — ko-
HEUYHOE MHOXKECTBO, a [/ — OGuHapHOe oTHOIIEHKHE Ha, V, T. €. TOIMHOXKECTBO MHO-
xectBa V' x V. OpuentupoBaHHbIil rpad jiisi KpaTKOCTH HAa3bIBaIOT oprpadom.
Muoxkerco V' HazbiBai0T MHOYKECTBOM BepINWH rpada, a ero 3JeMeHT Ha3bi-
BalOT BePHIMHOI rpada. Muoxectso F Ha3bpBal0T MHOXKECTBOM PEOEP, a ero
9JIeMEeHThI Ha3biBaloT pédpamu. ['pad MoxKeT cojiepKaTh PEOPaA-ITUKJIBI, COEIH-
HsifoIKe Bepiinny ¢ coboit. Ha pucynke 1 uzobparkeH opuHeTUpOBaHHbIH rpad ¢

muoxkectsom Bepiun {0, 1, 2, 3, 4}.

Pucynok 1 — Ilpumep oprpada

B neopuentupoBanaom rpade G = (V, E) mHO)eCTBO pebep COCTOUT
13 HEYTOPSATOUEHHBIX Map BepIINH: TapaMu ABJIAI0TCT MHOKecTBa {u, v}, T/1e
u,v € V uu # v. st neopuenruposantoro rpada {u, v} u {v,u} obosnauator
0JIHO 1 TO XKe pedpo. HeopumenrtupoBanubiit rpad He mMoxkeT cojuepxKarh peédep-
IUKJIOB, W KakJIoe pedpO COCTOUT M3 JBYX pas3iudHbIX BepiinH. Ha pucynke 2
1300pakeH HeOpUeHTUPOBaHHbI Tpad ¢ MHOXKecTBOM Beprun {0, 1, 2, 2, 4}

Bepiina v cMexkHa ¢ BepIinHOi u, ecyiu B Tpade uMeercst pebpo {u, v}.



Pucynok 2 — Ilpumep HEOpHEeHTHPOBAHHOTO T'pada

st HeopueHTUPOBaHHBIX T'PA(OB OTHOIIEHUE CMEXKHOCTH SABJISIETCS CUMMETPUY-
HBIM, HO JIJIsI OPHEHTUPOBAHHDLIX IpaoB 3TO He 00g3aTe/LHO.

CrerneHbIo BepIINHbI B HEOPHEHTHPOBAHHOM I'pade Ha3bIBACTCS YUCIO UH-
IUJICHTHBIX eit péoep. 11t opreHTHPOBaHHOTO rpada PasInyaioT UCXOATILYIO CTe-
1IEHb, OIPEJIeJISIEMYIO KaK YUCJI0 BbIXOJAIIUX U3 HeE pedep, U BXOJISIILYIO CTElEHb,
orpeJIeIsieMy o KaK 9rc/Io BXOAANNX B Heé pédep. Cymma nexoisiimeit n BXOIsIei
cTereHeil Ha3bIBAETCs CTEIEHbIO BEPIINHEI.

MapmrpyToMm B rpade Ha3bIBaeTCsI KOHEUHAs YepejyIoIasacs M0oCIe 0Ba-
TEJIbHOCTh CMEXKHbIX BEPIIUH U pedep, COeJIMHSATIONUX T BEPIINUHDI.

MapiipyT Ha3bIBaeTCsi OTKPHITHIM, €CJIM €I'0 HadaJibHasd U KOHEYHAsT BEPIIU-
HbI Pa3JINYHbBI, B ITPOTUBHOM CJIy4Yae OH Ha3bIBACTCS 3aMKHYTHIM.

MapmpyT HasbiBaeTcs IENbIO, ecyii Bce ero pebpa pazaudubl. OTKpbITast
eNb Ha3bIBAETCS MYTEM, €CJIN BCE €€ BEPITUHBI PA3JIATHBI.

SaMKHyTasi [elb HAa3bIBAETCS MUKJIOM, €CJIM PA3JIMYHbl BCE €€ BEPIINHbI,
3& UCKJIFOUEHUEM KOHIIEBBIX.

['pacd HazbIiBaeTcss CBA3HBIM, €CJIN JJIsi JIFOOOH TTaphl BEPIITUH CYIIECTBYET

COEIUHAIONTHN UX MyTh. |3

1.3 IIpeacraBiaenmne rpada

['pad MOXKHO OIUCATH HECKOJIBLKUMH CIIOCOOAMMU.
[Tepeuncienne snemenron: 1.3.1.
Marpuna cmexxknocru: 1.3.2.

Marpuna nnmuaerTrocTn: 1.3.3.

= o=

Cnuncok cmexknoctu: 1.3.4.

PaccMmorpum Ha npumepe rpada Ha pUCYHKE 3.



e

Pucynok 3 — Paccmarpusaembiii rpad

1.3.1 Ilepeuncnenue 31eMeHTOB
Hcxost n3 onpejiesierusi, Jijisi TOro, 9Tobbl 3a/1aTh rpad, JOCTaATOUHO Tepe-
QUCJIUTH €0 BEPIUHBI U pebpa (T.e. mapbl BEPIIUH).
[Ipumep:
V ={a,b,c,d, e}

E = {(a,0),(a,¢),(a,e), (b;¢), (b;d), (¢, ¢), (d, e)}

1.3.2 Marpuna cMexxHOCTH

ITycrs G — rpad ¢ n BepmuHaMu, IPOHYMEPOBAHHBIMY YUCJIAMU OT 1 710 n.
Martpuiia CMe2KHOCTH — 3T0 TabJinila ¢ N CTPOKAMU U 1 CTOJIOIAMK, B KOTOPOI
9JIEMEHT, CTOSIIUI Ha [epecedeHnr CTPOKU ¢ HOMEPOM ¢ M CTOJIOIA ¢ HOMEPOM J,

paBeH 1, eciu BepIuHBI ¢ HOMEpaMu ¢ U J CMeKHbI, 1 (), ecjin OHU HEe CMEXKHBI.

Tabmuna 1 — Ilpumep MaTpumbl CMEKHOCTH

0 |1 0 |1

—| ol o —|

0
1
1
0

—= oo

1 10
1 |1
0 |1
1 10

1.3.3 Marpuna uHIMICHTHOCTH
Ilycrs G — rpad ¢ BepimHaMu, TPOHYMEPOBAHHBIMU YHCIaMU OT 1 710 n, u
pebpaMu, IPOHYMEPOBHHBIMU OT 1 710 m. B Marpuiie mHIUIEHTHOCTH CTPOKHU CO-

OTBETCTBYIOT BEpIINHAM, a CTOJIOILI pédpaMm. Ha mepecedennn ¢cTpoku ¢ HOMEPOM



¢ ¥ cTOJIOIA ¢ HOMEPOM j cTOUT 1, ecji BepIlinHa ¢ HOMEPOM ¢ MHIIUJICHTHA Pedpy

¢ HoMepoM 7, u 0 B IPOTUBHOM CJIyHae.

Tabmuna 2 — Ilpumep MaTpuIbl MHIHAIEHTHOCTH

1 |1 0 [0 0

el k=] el Nesl N
— O OO

0 1 |1 0
1 1 |0 0
0 0 |1 1
0 0 [0 1

(o) Nen) Nawl i

1.3.4 Cuucku CMexKHOCTHU

CHHUCKU CMEXXHOCTU YaCTO UCIOJIb3YIOTCs JIJIsi KOMIILIOTEPHOT'O IIPEJCTaB-
nenns rpadon. st KaxKaoi BepIIMHBI 3a/1aeTCs CIUCOK BCEX CMEXKHBIX C Heif
BepiinH. B crpykrypax JlaHHBIX, IPUMEHSIEMbIX B HPOIDAMMUPOBAHKUK, CIHACKH
CMEXKHOCTU MOI'YyT ObITh Peajn30BaHbl KaK MACCUB JIMHEHHBIX CIIUCKOB.

YKa3bIBaeTCss HOMEpP WJIA WMsi BEPITUHBI W TEPEUNCISIIOTCS BCE CMEXKHBIE €
Heil BepIIUHbI.

[Ipumep:
02,3, 5
1,3, 4
1,2, 5
02,0
1,3, 4

Ut = W N



2 NIHcTpyMEeHTHI

PaccMOoTpUM UCTIONIB3YEeMbIi si3bIK U OUOJIMOTEKY JIJIsT OTPUCOBKHU.

2.1 Dart

B kauecTBe OCHOBBI UCIIOJIb3yeTCs si3bIK Dart, pazpaboTanHblii KOMIIaHKEH

Google, n MUPOKO UCHONB3YEMBIil JIjisT KPOCC-TLIaThOPMEHHON paspaborku [].

2.2 Flutter

3 Peanmuzanus

3.1 Tekct ¢ dpopmysaMu u JIeMMOIt
3.2 HazBanme apyroro moapasieiia
3.2.1 BoJjiee menkuii nmojpasien

3.2.2 Tekcr ¢ Tabuuneit

Tabuna 3 — Pesysbrar cokpaiienus cjoBapeil HEMCIPABHOCTEH MPH TOMOIIH MACOK

1 2 3 4 5 6 7 8
5298 177 | 1932 341964 | 61 10797 | 3,16% 0,61
5344 240 | 1397 | 335280 59 14160 | 4,22% 0,53
5349 243 | 1474 | 358182 62 15066 | 4,21% 0,60
5382 190 | 12444 | 2364360 | 55 10450 | 0,44% 3,78
5386 274 | 2002 548548 | 91 24934 | 4,55% 1,40
5400 194 | 13284 | 2577096 | 58 11252 | 0,44% 4,28
S444 191 | 13440 | 2567040 | 60 11460 | 0,45% 4,26
5510 | 446 700 312200 70 31220 | 10,00% 0,63
5526 138 | 13548 | 1869624 | 38 5244 | 0,28% 2,41
5641 345 | 5016 | 1730520 | 132 | 45540 | 2,63% 7,06
S7T13 | 343 | 3979 | 1364797 | 131 | 44933 | 3,29% 5,61
5820 712 | 21185 | 15083720 | 244 | 173728 | 1,15% | 126,99
5832 719 | 21603 | 15532557 | 253 | 181907 | 1,17% | 135,18
5953 | 326 | 322 104972 91 29666 | 28,26% 0,27
51423 | 293 750 219750 | 93 27249 | 12,40% 0,57
S1488 | 1359 | 22230 | 30210570 | 384 | 521856 | 1,73% | 541,69

3.2.3 TekcT ¢ KOJIOM POrpaMMBbI
SAKJIOUEHNE

B nacrosimeit paboThl IpuBejieH npuMep odOpMJICHUs CTYIeHUYeCcKoi pabo-
ThI cpejicTBamMu cuctembl BTEX.

[Tokazano, kKak MOXKHO O(POPMUTH JOKYMEHT B COOTBETCTBUU:



— ¢ npapujaamMu oOPMJIEHHSI KyPCOBBIX U BBITYCKHBIX KBaJU(PUKAIMOHHBIX
pabot, npuHaTbHIX B CapaToBCKOM rocyJapcTBeHHOM yHupepcurere B 2012
rony;

— ¢ npaBuaaMu o(pOPMIIEHUST TUTYJIHHOTO JTUCTA OTUETa, O MPOXOXKICHUHT TTPAK-

TUKHN B COOTBETCTBUU CO CTaH/IaPTOM.



CIINCOK UCIIOJIBSBOBAHHBIX NTCTOYHMUKOB
Bazxaposa, B. E. TEOPUA 'PAD®OB: Yuebnoe nocobue / B. E. Baxaposa,
. B. Anekceen. — Hmxkeropoacknit yausepcurer, 2017. — P. 119,

Kopmen, Tomac X. AJropuTMmbl: HOCTPOCHWE U aHAJIN3, 2-€¢ WU3jaHue /
Tomac X. Kopmen, Yapabz UW. Jleiizepcon, Pownamm JI. Pusecrt,

Kinudbdopa lraitn. — Uzparensckuit nom "Buabamc”’, 2013. — P. 1296.

Jlekuust 45: Asiropurmbl Ha rpadax. ajiropurmbl 00xoja rpada. ek TpoHHblit
pecypcl|. — URL:  https://intuit.ru/studies/courses/648/504/
lecture/11474 ([Jara obpamenus 20.11.2021). Saru. ¢ akp. f3. pyc.

Dart overview. [Qmaekrponnbiii pecypc|.—  URL: https://dart.dev/

overview ([lara obpamenus 20.11.2021). 3art. ¢ sxp. 3. anri.
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ITPNJIO2ZKEHUE A

Koa main.dart

quKaBXOﬂaISHpOFpaMMy.
import 'package:graphs/pages/drawing_page.dart';

import 'package:desktop_window/desktop_window.dart';

import 'package:flutter/material.dart';

void main() {

runApp (const MyApp());

Future setupWindow() async {

await DesktopWindow.setMinWindowSize(const Size (850, 700));

class MyApp extends StatelessWidget {
const MyApp({Key? key}) : super(key: key);

Qoverride
Widget build(BuildContext context) {
setupWindow() ;
return const MaterialApp(
title: "Graphs",
home: DrawingPage(),

)
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IMTPNJIO2KEHUE b

Koza crpasunsl oTpucoBKu

Onucanue unrepdeiica 1 6a30Bble PYHKIUT JIJIsI B3AUMOJEHCTBUS ¢ HHGOP-

Mallien.

import 'package:graphs/src/graph.dart';

import 'package:graphs/src/curve_painter.dart';

import 'package:file_picker/file_picker.dart';

import 'package:flutter/material.dart';

Graphs getGraph() {
List<Dot> d = <Dot>[1;
d.add(Dot.fromTwoLists("1", [2], [3]1));
d.add(Dot.fromTwoLists("2", [3], [1]1));
d.add(Dot.fromTwoLists ("3", [1], [2]1));

return Graphs.fromList("lmsa rpada", d, true, true);

class DrawingPage extends StatefulWidget {
const DrawingPage({Key? key}) : super(key: key);

Q@override

State<StatefulWidget> createState() => _DrawingPageState();

class _DrawingPageState extends State<DrawingPage> {
double screenSize = 0;
Graphs graphData = getGraph();
List<int?>7 intListPath;
List<bool>?7 dfsAccessTable;
//List<int?>? dijkstraTable;
String op = Operations.none;
int? startDot;
int? endDot;
String? dropdownValuel;
String? dropdownValue2;

String currOp = "";

final _textNameController
final _textLnthController
final _textGrNmController

void clearInputData() {
setState(() {

= TextEditingController();
= TextEditingController();
= TextEditingController();

_textLnthController.clear();

_textNameController.clear();

12
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dropdownValuel = null;
null;

dropdownValue2
s

void clearDropDownVals() {
setState(() {
startDot = null;
intListPath = null;
dfsAccessTable = null;
endDot = null;
currOp = "";

op = Operations.none;

B

S/ RFKKAKKKKKKAKKDUL T ONS KKK KKAKK KKK
ElevatedButton createButton(String txt, void Function() onPressing) {
return ElevatedButton(
onPressed: onPressing,
style: ButtonStyle(
backgroundColor: MaterialStateProperty.resolveWith<Color>(
(states) => Colors.green.shade700)),
child: Text(txt,
style: const TextStyle(
fontSize: 15,
color: Colors.white70,
height: 1,
),

void showPopUp(String alertTitle, String err) => showDialog<String>(
context: context,
builder: (BuildContext context) => AlertDialog(
title: Text(alertTitle, style: const TextStyle(fontSize: 26)),
content: Text(
err,
style: const TextStyle(fontSize: 18),
)s
actions: <Widget>[
TextButton (
onPressed: () => Navigator.pop(context, '0K'),
child: const Text('0OK'),

13
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S/ KEEKKKKKKKKKKDUL T ONG KK KKK KKK KK KKK

// ***¥addSpace***

SizedBox

return

SizedBox
return

}

addSpaceH(double h) {
SizedBox(height: h);

addSpaceW (double w) {
SizedBox(width: w);

// ***addSpace***

[/ REAEKERARAFAKGNDUE S HAFAFAF AN KK

Container createInputBox(String text, double width, IconData? icon,
TextEditingController? controller) {

if (icon == null) {

return Container(

width: width,
height: 40,

margin: const EdgeInsets.symmetric(horizontal: 20, vertical: 5),

}

child: TextField(

controller: controller,
textAlign: TextAlign.center,
onChanged: (name) => graphData.setName(name),
decoration: InputDecoration(
contentPadding:
const EdgeInsets.symmetric(vertical: 10, horizontal: 10),
filled: true,
fillColor: Colors.white,
//prefizIcon: Icon(icon, color: Colors.black),
border: const OutlineInputBorder (
borderRadius: BorderRadius.all(Radius.circular(40))),
hintStyle: const TextStyle(color: Colors.black38),
hintText: text),

))s

return Container(
width: width,
height: 40,

margin: const Edgelnsets.symmetric(horizontal: 20, vertical: 5),
child: TextField(

controller: controller,

textAlign: TextAlign.center,

decoration: InputDecoration(

contentPadding:

const EdgeInsets.symmetric(vertical: 10, horizontal: 10),
filled: true,
fillColor: Colors.white,

14
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166

167

168

170

171

172

174

175

176

178

179

180

181

182

183

184

185

186

prefixIcon: Icon(icon, color: Colors.black),
border: const OutlineInputBorder(
borderRadius: BorderRadius.all(Radius.circular(40))),
hintStyle: const TextStyle(color: Colors.black38),
hintText: text),
));

SizedBox dropListl(double width) {
var button = DropdownButton(
hint: const Text(
'Select dot',
style: TextStyle(color: Colors.white, fontSize: 13),
)
alignment: AlignmentDirectional.bottomEnd,
value: dropdownValuel,
isDense: true,
borderRadius: const BorderRadius.all(Radius.circular(20)),
dropdownColor: Colors.green.shade800,
style: const TextStyle(
color: Colors.white,
fontSize: 18,
),
onChanged: (String? newValue) {
setState(() {
dropdownValuel = newValue;
19N
1,
items: graphData.getDots().map((location) {
return DropdownMenuItem(
child: Text(location.getName()),
value: location.num.toString(),
)3
}) .toList (),
)3

return SizedBox(
child: button,
width: width,
)s

SizedBox dropList2(double width) {
var button = DropdownButton(
hint: const Text(
'Select Dot',
style: TextStyle(color: Colors.white, fontSize: 13),
)

15
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219

220
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222

223

224

225

226

227

228

229

230

231

232

233

234

alignment: AlignmentDirectional.centerEnd,

value: dropdownValue2,

borderRadius: const BorderRadius.all(Radius.circular(20)),
dropdownColor: Colors.green.shade800,
style: const TextStyle(

color: Colors.white,

onChanged: (String? newValue) {
setState(() {
dropdownValue2

items: graphData.getDots().map((location) {
return DropdownMenuItem(
child: Text(location.getName()),

value: location.num.toString(),

}) .toList(),

return SizedBox(
child: button,
width: width,

[/ RRAKAKAKKKA KKK GNDUE S K HKAFAKA AN KK

kKKK KK KBUL L ONSFUNCT T ONS **KF kKKK
void addDotPushed() {
clearDropDownVals() ;
if (_textNameController.text == "") {

showPopUp ("Error", "No name in \"Dot name\" box");

setState(() {
String? res = graphData.addIsolated(_textNameController.text);
if (res != null) {

showPopUp ("Error", res);

clearInputData();

void addPathPushed() {
clearDropDownVals() ;

if (dropdownValuel
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275

276

277
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279

280
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282

showPopUp ("Error", "No dot in first box selected");
} else if (dropdownValue2 == null) {
showPopUp ("Error", "No dot in second box selected");
} else if (_textLnthController.text == "" && graphData.getUseLengthBool()) {
showPopUp ("Error", "No length in \"Input length\" box");
} else {
int? from = int.parse(dropdownValuel!);
int? to = int.parse(dropdownValue2!);
int? len = int.tryParse(_textLnthController.text);
if (len == null && graphData.getUseLengthBool()) {
showPopUp ("Error",
"Can't parse input.\nInts only allowed in \"Input length\"");
} else {
len 77= 0;
setState(() {
String? res = graphData.addPath(from, to, len!);
if (res !'= null) showPopUp("Error", res);

B

}
clearInputData();

void changeQOriented() {
setState(() {
String? res = graphData.flipUseOrientation();
if (res != null) showPopUp("Error", res);

B

void changeLength() {
setState(() {
String? res = graphData.flipUseLength(Q);
if (res != null) showPopUp("Error", res);

b

void delPathPushed() {
clearDropDownVals () ;
if (dropdownValuel == null) {
showPopUp ("Error", "No dot in first box selected");

} else if (dropdownValue2 == null) {
showPopUp ("Error", "No dot in second box selected");
} else {

int? from = int.tryParse(dropdownValuel!);

int? to = int.tryParse(dropdownValue2!);

if (from == null || to == null) {
showPopUp ("Error",
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"Can't parse input.\nInts only allowed in \'"Dot number\" and \"Destination number\'"");

} else {
setState(() {
String? res = graphData.delPath(from, to);
if (res != null) {

showPopUp ("Error", res);

B

}
clearInputData();

void delDotPushed() {
if (dropdownValuel != null) {
setState(() {
String? res = graphData.delDot(int.parse(dropdownValuel!));
if (res != null) {
showPopUp ("Error", res);
}
s
} else {
showPopUp ("Error", "Nothing in input");
}
clearDropDownVals() ;

clearInputData();

void fileOpener() async {
FilePickerResult? result =

await FilePicker.platform.pickFiles(allowedExtensions: ["txt"]);

if (result != null) {
if (!'result.files.single.path!.endsWith(".txt")) {
showPopUp ("Error", "Can open only \".txt\" files");
} else {
setState(() {
String? res =

graphData.replaceDataFromFile(result.files.single.path!);

if (res != null) showPopUp("Error", res);
19N
}
} else {
showPopUp ("Error", "No file selected");
}
clearDropDownVals() ;

clearInputData();

18
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void fileSaver() async {

String? outputFile = await FilePicker.platform.saveFile(
dialogTitle: 'Please select an output file:',
fileName: 'output-file.txt',
allowedExtensions: ["txt"]);

if (outputFile == null) {

showPopUp ("Error", "Save cancelled");
} else {

if (!outputFile.endsWith(".txt")) {

outputFile += ".txt";

}

graphData.printToFile (outputFile);
}
clearDropDownVals () ;

clearInputData();

void bfsPushed() {
clearDropDownVals() ;
if (dropdownValuel == null) {
showPopUp ("Error", "No dot in first box selected");
} else if (dropdownValue2 == null) {
showPopUp ("Error", "No dot in second box selected");
} else {
setState(() {
startDot = int.parse(dropdownValuel!);
endDot = int.parse(dropdownValue2!);
currOp = "OP: BFS from $startDot to $endDot";
op = Operations.bfs;
intListPath = graphData.bfsPath(startDot!, endDot!);
B
if (intListPath == null) {
showPopUp("Info", "There is no path");

}
clearInputData();

void dfsPushed() {
clearDropDownVals () ;
if (dropdownValuel == null) {
showPopUp ("Error", "No dot in first box selected");
} else {
setState(() {
startDot = int.parse(dropdownValuel!);

op = Operations.dfs;
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currOp = "OP: DFS from $startDot";

dfsAccessTable = graphData.dfsIterative(startDot!);

b
if (dfsAccessTable == null) {

showPopUp ("Err", "report this error.");

clearInputData();

void dijkstraPushed() {
clearDropDownVals() ;
if (dropdownValuel == null) {

showPopUp ("Error", "No number in \"Dot number\'" box");

} else {
setState(() {
startDot = int.parse(dropdownValuel!);
currOp = "OP: Dijkstra from $startDot";
op = Operations.dijkstra;
intListPath = graphData.dijkstra(startDot!);
I
if (intListPath == null) {

showPopUp ("Err", "report this error.");

}
clearInputData();
}

J//kxkkkkkkkBUL T ONSFUNCT T ONS *K Kk kKKK *

// build
Qoverride
Widget build(BuildContext context) {
screenSize = MediaQuery.of (context).size.width;
_textGrNmController.text = graphData.getName() ;
return MaterialApp(
home: Scaffold(
appBar: AppBar (
title: const Align(
alignment: Alignment.topleft,
child: Text("Graph name:\n",
style: TextStyle(
fontSize: 18,
color: Colors.white,
),
toolbarHeight: 110,
flexibleSpace: Container(

color: Colors.green.shade900,
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child: Column(children: <Widget>[
const SizedBox(height: 5),
Row(children: [
addSpaceW (screenSize / 8 + 19),
createButton("\nAdd dot\n", addDotPushed),
createInputBox("Dot name", screenSize / 4 - 25, Icons.label,

_textNameController),
addSpaceW(8),
createButton("\nAdd path\n'", addPathPushed),
createIlnputBox("Input length", screenSize / 4 - 25,

Icons.arrow_right_alt_outlined, _textLnthController),

D,

addSpaceH(3),

Row(children: [
addSpaceW (6),
createInputBox(

"Name'", screenSize / 8 - 25, null, _textGrNmController),
createButton("\nDel dot \n", delDotPushed),
addSpaceW(54),
dropListl(screenSize / 4 - 80),
addSpaceW (53),
createButton("\nDel path\n", delPathPushed),
addSpaceW(54),
dropList2(screenSize / 4 - 80),

D,
D,

actions: [

IconButton(
onPressed: () {
setState(() {
clearDropDownVals() ;
graphData.flushData();
clearInputData();
b
},
icon: const Icon(Icons.delete_sweep),
iconSize: 60,

),

D,
body: CustomPaint(

painter: CurvePainter(

graphData: graphData,
intListPath: intListPath,
dfsAccessTable: dfsAccessTable,
start: startDot,

end: endDot,

op: op),
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child: Align(

alignment: Alignment.topRight,
child: ButtonBar (

mainAxisSize: MainAxisSize.min,

children: <Widget>[

Text (

currOp,

style: const TextStyle(fontSize: 14, color: Colors.black),
),
createButton("Bfs", bfsPushed),
createButton("Dfs", dfsPushed),
createButton("Dijkstra", dijkstraPushed),
createButton ("Kruskal", () {

clearDropDownVals () ;

setState(() {

currOp = "OP: Kruscal algo";
graphData.kruskal();

I9N

clearInputData();
b,
createButton("Clear 0P", () {

clearDropDownVals () ;

clearInputData();
b,
createButton(graphData.getUseLengthStr(), changelLength),
createButton(graphData.getDoubleSidedStr(), changeOriented),
createButton("Save to file", fileSaver),

createButton("Load from file", fileOpemner),
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ITPNJIO2KEHUE B

Koa orpucoBku rpada

BriBoguT Ha skpan undopmMmaluao u3 rpada.

import 'package:arrow_path/arrow_path.dart';
import 'package:graphs/src/graph.dart’;
import 'package:flutter/material.dart';

import 'dart:math';

class Operations {
static const String bfs = "bfs";
static const String dfs = "dfs";
static const String dijkstra = "djkstr";

static const String none = "none";

class CurvePainter extends CustomPainter {
CurvePainter ({
Key? key,
required this.graphData,
required this.intListPath,
required this.dfsAccessTable,
required this.start,
required this.end,

required this.op,

B

List<int?>7 intListPath;

List<bool>?7 dfsAccessTable;

String op;

int? start;

int? end;

Graphs graphData;

final double _dotRad = 7;

final double _lineWidth = 1.5;

final Color _lineColor = Colors.black;

final double _aboveHeight = 5;

double _circleRad = 100;

final TextStyle _textStyle = TextStyle(
color: Colors.red.shade900,
decorationColor: Colors.green.shade900,
decorationThickness: 10,
decorationStyle: TextDecorationStyle.dashed,
fontSize: 20,

)3

Map<int, Offset> _off = <int, Offset>{};

void _drawLine(Canvas canvas, Offset pl, Offset p2) {
Paint p = Paint();
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p.color = _lineColor;
p.strokeWidth = _lineWidth;

canvas.drawLine(pl, p2, p);

void _drawDot(Canvas canvas, 0ffset pl, [double plusRad = 0, Color? coll) {

col 7?7= Colors.yellow.shade900;

var p = Paint();

p.color = col;

p.strokeWidth = _lineWidth + 2;
canvas.drawCircle(pl, _dotRad + plusRad, p);

void _drawSelfConnect(Canvas canvas, Offset pl) {
var p = Paint();
p.color = _lineColor;
p.strokeWidth = _lineWidth;
p.style = PaintingStyle.stroke;
canvas.drawCircle(0ffset(pl.dx + _dotRad + 20, pl.dy), _dotRad + 20, p);

TextSpan _getTextSpan(String s) => TextSpan(text: s, style: _textStyle);
TextPainter _getTextPainter(String s) => TextPainter(

text: _getTextSpan(s),

textDirection: TextDirection.ltr,

textAlign: TextAlign.center);

void _drawDotNames(Canvas canvas, Offset place, String s) {
var textPainter = _getTextPainter(s);
textPainter.layout();
textPainter.paint(
canvas,
Offset((place.dx - textPainter.width),
(place.dy - textPainter.height) - _aboveHeight));

void _drawDotNum(Canvas canvas, Offset size, String s) {
var textPainter = TextPainter(
text: TextSpan(
text: s,
style: const TextStyle(
color: Colors.black,
fontSize: 17,
),
textDirection: TextDirection.ltr,
textAlign: TextAlign.center);
textPainter.layout();

textPainter.paint(
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canvas,
Offset((size.dx - textPainter.width) + 25,
(size.dy - textPainter.height) + _aboveHeight + 30));

int _getHighInputConnections() {

if (graphData.getDots().length != 1 && graphData.getDots().length <= 3)
return -1;

}

int higest = -1;

for (var i in graphData.getDots()) {
if (i.getL().length > higest) higest = i.num;

}

return higest;

Map<int, Offset> _getDotPos(int dotsAm, Size size) {
Map<int, Offset> off = <int, 0ffset>{};
var width = size.width / 2;
var height = size.height / 2;
int add = 0;
int h = _getHighInputConnections();
for (int 1 = 0; i < dotsAm; i++) {
if (4 + 1) !'=h) {
double x =
cos(2 * pi * (i - add) / (dotsAm - add)) * _circleRad + width;
double y =
sin(2 * pi * (i - add) / (dotsAm - add)) * _circleRad + height;

off[i + 1] = Offset(x, y);
} else if ((i + 1) == h) {
off[i + 1] = Offset(width + 2, height - 2);
add = 1;
h = 0;
} else {

print ("GetDotPos error");

return off;

void _drawHArrow(Canvas canvas, Size size, Offset from, Offset to,
[bool doubleSided = false]) {
Path path;

// The arrows usually looks better with rounded caps.

Paint paint = Paint()
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.color = Colors.black

.style = PaintingStyle.stroke
.strokeCap = StrokeCap.round
.strokeJoin = StrokeJoin.round

.strokeWidth = _lineWidth;

var length = sqrt((to.dx - from.dx) * (to.dx - from.dx) +
(to.dy - from.dy) * (to.dy - from.dy));

/// Draw a single arrow.
path = Path();
path.moveTo(from.dx, from.dy);
path.relativeCubicTo(
0,
0,
-(from.dx + to.dx + length) / (length) - 40,
-(from.dy + to.dy + length) / (length) - 40,
to.dx - from.dx,
to.dy - from.dy);
path =

ArrowPath.make (path: path, isDoubleSided: doubleSided, tipLength: 16);

canvas.drawPath(path, paint);

void _drawHighArrow(Canvas canvas, Size size, Offset from, Offset to,
[bool doubleSided = false]) {
Path path;

Paint paint = Paint()
.color = Colors.black
.style = PaintingStyle.stroke
.strokeCap = StrokeCap.round
.strokeJoin = StrokeJoin.round

.strokeWidth = _lineWidth;

var length = sqrt((to.dx - from.dx) * (to.dx - from.dx) +
(to.dy - from.dy) * (to.dy - from.dy));

/// Draw a single arrow.
path = Path();
path.moveTo(from.dx, from.dy);
path.relativeCubicTo(
0,
0,
(from.dx + to.dx) / (length * 2) + 40,
(from.dy + to.dy) / (length * 2) + 40,
to.dx - from.dx,

to.dy - from.dy);
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path = ArrowPath.make (
path: path,
isDoubleSided: doubleSided,
tipLength: 13,
isAdjusted: false);

canvas.drawPath(path, paint);

void _drawConnections(
Canvas canvas, Size size, List<Dot> dots, Map<int, O0ffset> off) {
for (var i in dots) {
var list = i.getL();
var beg = off[i.num];
for (var d in list.keys) {
if (d == i.num) {
_drawSelfConnect (canvas, off[d]!);
} else {
if (graphData.getDoubleSidedBool()) {
if (d > i.num) {
_drawHArrow(canvas, size, beg!, off[d]!, false);
if (graphData.getUseLengthBool()) {
_drawDotNames (
canvas,
Offset((off[d]!.dx + beg.dx) / 2 - 18,
(off[d]!.dy + beg.dy) / 2 - 18),
i.getL() [d].toString());
}
} else {
_drawHighArrow(canvas, size, beg!, off[d]!, false);
if (graphData.getUseLengthBool()) {
_drawDotNames (
canvas,
Offset ((off[d]!.dx + beg.dx) / 2 + 30,
(off[d]!.dy + beg.dy) / 2 + 30),
i.getL() [d].toString());

}
} else {
_drawLine(canvas, beg!, off[d]!);
if (graphData.getUseLengthBool()) {
_drawDotNames (

canvas,
Offset((off[d]!.dx + beg.dx) / 2, (off[d]!.dy + beg.dy) / 2),
i.getL() [d].toString());
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void _drawBFS(Canvas canvas) {
if (intListPath !'= null) {

for (int 1 = 0; i < intListPath!.length; i++) {
_drawDot (canvas, _off[intListPath![i]]!, 8, Colors.yellow);

}

_drawDot (canvas, _off[start]!, 9, Colors.green);

_drawDot (canvas, _offl[end]!, 7, Colors.red.shade200);

for (int 1 = 0; i < intListPath!.length; i++) {
_drawDotNum(canvas, _off[intListPath![i]]!, "bfs: k${i + 1}");

void _drawDFS(Canvas canvas) {
if (dfsAccessTable != null) {
for (int i = 0; i < dfsAccessTable!.length; i++) {
if (dfsAccessTable![i]) {
_drawDot(canvas, _off[i + 1]!, 8, Colors.green.shade500);
_drawDotNum(canvas, _off[i + 1]!, "dfs: visible");
} else {
_drawDot (canvas, _off[i + 1]!, 7, Colors.red.shade500);

_drawDotNum(canvas, _off[i + 1]!, "dfs: not visible");

}
_drawDot(canvas, _off[start]!, 9, Colors.green.shade900);

void _drawDijkstra(Canvas canvas) {
if (intListPath !'= null) {
_drawDot(canvas, _off[start]!, 9, Colors.green);
for (int 1 = 0; i < intListPath!.length; i++) {
if (intListPath![i] == null) {
_drawDotNum(canvas, _off[i + 1]!, "len: INF");
} else {
_drawDotNum(canvas, _off[i + 1]!, "len: ${intListPath![i]}");

Qoverride
void paint(Canvas canvas, Size size) {
if (size.width > size.height) {
_circleRad = size.height / 3;
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} else {

_circleRad = size.width / 3;

_off = _getDotPos(graphData.getDotAmount (), size); //, higest);
for (int i in _off.keys) {

_drawDot (canvas, _off[i]!);

var g = graphData.getDots();
switch (op) {
case Operations.bfs:
{
_drawBFS(canvas) ;
break;
X
case Operations.dfs:
{
_drawDFS(canvas) ;
break;
}
case Operations.dijkstra:
{
_drawDijkstra(canvas) ;
break;
}
default:
{

break;

_drawConnections(canvas, size, g, _off);
for (int i in _off.keys) {
_drawDotNames (

canvas, _off[i]!, "${graphData.getDots()[i - 1].getName()}:[$i]l");

Qoverride
bool shouldRepaint(CustomPainter oldDelegate) {

return true;
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IMTPNJIO2KEHUE T’

Koa knacca gyga padorsl ¢ rpadom

OcHOBHOII KJ1acc JiJisi XpaHeHUs U B3aUMOJICHCTBHS ¢ HH(OPMAaIIUei.

1 import 'dart:io';

3 class Separators {

4 static const String dotToConnections = ": ";

5 static const String dotToLength = "|[";

6 static const String space = " ";

7 static const String hasLength = "BsBemexn:ii";

8 static const String hasNoLength = "HeBaspemenmmii'";

9 static const String isOriented = "OpueHTupoBaHHHI";
10 static const String isNotOriented = "HeOpueHTumpoBaHHEHI";
11 static const String nL = "\n";

12 static const String end = "END";

13

14 Separators();

15}

16
17 class Dot {

18 //Data

19 // ignore: prefer_final_fields

20 String _name = "";

21 int num = -1;

22 Map<int, int> _1ln = <int, int>{};

23

24 [/ RRFAGet kKK

25 String getName() => _name;

26 bool hasConnection(int n) => _ln.containsKey(n);
27 Map<int, int> getL() => _1n;

28

20 int getLength(int x) {

30 if (hasConnection(x)) {

31 return _1n[x]!;

32 }

33 return -1;

34 }

35 [/ RRRAGet Rk

36

37 //Set

38 void setName(String n) => _name = n;
39

40 //Add

a1 void addPath(int inp, int length) => _In[inp] = length;
42

43 //Del

44 void delPath(int n) => _ln.removeWhere((key, value) =>



45

46
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83

84

85

86
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91

key == n); // ydasumb 0bpamnbli nyme ecau He OPUEHMUPOEAHHbIE

//Print
void printD() {
stdout.write("$_name: k$num => ");
for (var i in _ln.keys) {
stdout.write("$i|${_1n[il} ");
}

stdout.write("\n");

/) *k*kxxkK*CONSETUCT OT**KKK*
Dot ([String name = "Undefined", int n = -1]) {
_name = name;
num = n;
_ln = <int, int>{};
}
Dot.fromTwoLists(String name, List<int> numO, List<int> length,
[int n = -1]) {
_hame = name;
num = n;
Map<int, int> nw = <int, int>{};
if (numO.length !'= length.length) {
print ("Error in lists'");
} else {
for (var i = 0; i < numO.length; i++) {
nw[num0[il] = length[i];

_1ln = nw;

}

Dot.fromMap(String name, Map<int, int> 1, [int n = -1]) {
_hame = name;
num = n;
_In = 1;

}

J//kxkkkkCONSErUCT OT*KKHK KK

//Copy

Dot.clone(Dot a) {
_name = a.getName();
num = a.num;

1n

a.getLQ;

class Graphs {
static const int intMax = Ox7fffffffffffffff;
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//Data

String _name = "Undefined"; //Hms

int _amount = 0; //Koauuwecmeo eepuun

List<Dot> _dots = <Dot>[1; //Cnucok cmexnocmu eepwur

Map<int, String> _nameTable = <int, String>{}; //Chucor eepwun no umeram
bool _uselength = false; //Bssewennocms

bool _oriented = false; //Opuernmuposearrocms

/)R FAARAK KK AAARAIFAR KL () QK H AR A A A KR AAKA KA K
String? addDot(Dot a) {

if (getNumByName(a.getName()) != null) {

return ("Dot name \"${a.getName()}\" already in use. Change name or use addPath");

}

_amount++;

a.num = _amount;

_dots.add(a);

_syncNameTable() ;

checkDots(false);

if (!_oriented) _fullFix();

return null;

bool addDotFromToLists(String name, List<int> numO, List<int> length,

[int n = -1]) {

var a = Dot.fromTwolists(name, numO, length, n);

if (getNumByName(a.getName()) != null) {
print(

"Dot name ${a.getName()} already in use. Change name or use addPath");

return false;

}

_amount++;

a.num = _amount;

_dots.add(a);

_syncNameTable() ;

checkDots(false);

if (!_oriented) _fixPathAfterInsert(a);

return true;

String? addIsolated(String name) {
var res = addDot(Dot.fromTwolists(name, [1, [1));
_syncNameTable() ;

return res;

String? addPath(int from, int to, [int len = 0]) {
if (from <= 0 || from > _amount || to <= 0 && to > _amount) {

return "Index out of range. Have dots 1..$_amount";
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}
_dots[from - 1].addPath(to, len);
if (!_oriented) {
_dots[to - 1].addPath(from, len);
}
return null;
¥

kxR xkxkkDel et ekkkkkkkkk
String? delPath(int from, int to) {
if (from <= 0 || from > _amount || to <= 0 && to > _amount) {
return "Can't find specified path";
}
if (!_dots[from - 1].hasConnection(to)) {
return "Already no connection between $from and $to";
}
_dots[from - 1].delPath(to);
if (!_oriented) {
_dots[to - 1].delPath(from);
}

return null;

String? delDot(int inn) {

if (inn > _amount || inn < 1) {
return "Index out of range. Allowed 1..$_amount";

}

List<int> toDel = <int>[];

for (int i in _dots[inn - 1].getL() .keys) {
toDel.add (i) ;

}

for (int i in toDel) {
delPath(i, inn);

}

_dots.removeAt(inn - 1);

_syncNum() ;

_syncNameTable() ;

_fixAfterDel(inn);

return null;

void flushData() {

_dots = <Dot>[];

_amount = 0;

_nameTable = <int, String>{};
}

J/kkkk xRk kkDe | et ekkkkkkkHkk
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[/ FFr ARk He | perkkkrkkr
bool checkDots([bool verbose = false]) {
for (var a in _dots) {
for (var i in a.getL().keys) {
try {
if (!_dots[i - 1].getL().containsKey(a.num)) {
if (verbose) print("Can't find ${a.num}");
return false;
}
} catch (e) {

if (verbose) {

print("Can't find Dot $i for path ${a.num}->$i. Exception $e");

}
_dots[a.num - 1].getL() .remove(i);

return false;

3

return true;

void _fixAfterDel(int inn) {
for (int i = 0; i < _dots.length; i++) {
Map<int, int> 1 = <int, int>{};
for (int j in _dots[i].getL() .keys) {
if (j >= inn) {
1[j - 11 = _dots[il.getLOL[jl!;
} else {
1[5]

_dots[i].getL O [j1!;

}
_dots[i] = Dot.fromMap(_dots[i].getName(), 1, _dots[i].num);

void _fixPathAfterInsert (Dot a) {
//llas Heopuenmupoearuo20
for (var i in a.getL().keys) {
if (!_dots[i - 1].getL().containsKey(a.num)) {
addPath(i, a.num, a.getL()[i]!);

void _fullFix() {
for (var i in _dots) {

_fixPathAfterInsert(i);

34



237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

256

257

258

260

261

262

264

265

266

268

269

270

271

272

273

274

276

277

278

279

280

281

282

283

284

void _syncNameTable() {
_nameTable = <int, String>{};
for (var i in _dots) {

_nameTable[i.num] = i.getName();

void _syncNum() {
_amount = 0;
for (var i in _dots) {
i.num = ++_amount;
}
_syncNameTable() ;
}

[/ k*xdkkrkHe | perkkkrkkr

J/kxkk)xSetters rrrkrk
void setName(String name) => _name = name;
String? flipUseOrientation() {
if (_amount != 0) {
return "Can change use of orientation only in empty graph";
}
_oriented = !_oriented;

return null;

String? flipUseLength() {
if (_amount != 0) {
return "Can change use of length only in empty graph";
}
_uselength = !_useLength;

return null;

String? replaceDataFromFile(String path) {
File file = File(path);
List<String> lines = file.readAsLinesSync(Q);
if (lines.length < 3) {
return "Not enough lines in file";
}
String name = lines.removeAt(0);
bool oriented;
switch (lines.removeAt(0)) {
case Separators.isUriented:

oriented = true;
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break;
case Separators.islNotOriented:
oriented = false;
break;
default:
return "Error on parsing \"IsOriented\"";
}
bool uselength;
switch (lines.removeAt(0).trim()) {
case Separators.haslLength:
uselLength = true;
break;
case Separators.haslNolLength:
useLength = false;
break;
default:
return "Error on parsing \"HasLength\"";
}
List<Dot> dots = <Dot>[];
for (var 1 in lines) {
1 = 1l.trimRight();
if (1 !'= Separators.end) {
var spl = l.split(Separators.space);
List<int> dot = <int>[];
List<int> len = <int>[];

String name = spl.removeAt(0);

name = name.substring(0, name.length - 1);

for (var splitted in spl) {
if (splitted != "") {

var dt = splitted.split(Separators.dotToLength);

if (dt.length == 2) {
int? parsed = int.tryParse(dt[0]);
if (parsed == null) {

return "Error while parsing file\nin parsing int in \"${dt[0]}\"";

}

dot.add(parsed) ;

if (useLength) {
parsed = int.tryParse(dt[1]);
if (parsed == null) {

return "Error while parsing file\nin parsing int in \"${dt[1]1}\"";

}
len.add(parsed);
} else {

len.add(0);

}
} else if (dt.length == 1) {

int? parsed = int.tryParse(splitted);

if (parsed == null) {
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return "Error while parsing file\nin parsing int

}
dot.add(parsed) ;
len.add(0);

}
dots.add (Dot .fromTwoLists(name, dot, len));

}
_hame = name;
_oriented = oriented;
_uselLength = uselength;
_dots = dots;
_syncNum() ;
_syncNameTable() ;
if (!_oriented) _fullFix();
return null;

}

J/kxkk)xSetters rrrkrk

J/kkkkkGetterskkkkkrk
bool getDoubleSidedBool() => _oriented;
String getDoubleSidedStr() {
if (_oriented) return Separators.isOriented;

return Separators.isNotOriented;

bool getUseLengthBool() => _uselength;
String getUseLengthStr() {
if (_useLength) return Separators.hasLength;

return Separators.hasNoLength;

List<Dot> getDots() => _dots;
String getName() => _name;
String? getNameByNum(int n) => _nameTable[n];
Map<int, String> getNameTable() => _nameTable;
int getDotAmount() => _dots.length;
int? getNumByName(String n) {

for (var i in _nameTable.keys) {

if (_nameTable[i] == n) return i;
}

return null;

List<List<int>>7 getLenTable() {
List<List<int>>7 out = <List<int>>[];

in \"$splitted\"";
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for (int 1 = 0; i < _amount; i++) {
List<int> xx = <int>[];
for (int j = 1; j <= _amount; j++) {
xx.add(_dots[i].getLength(j));
}
out.add (xx) ;
}

return out;

List<List<int>>7 getPathTable() {
List<List<int>>?7 out = <List<int>>[];
for (int 1 = 0; i < _amount; i++) {

List<int> xx = <int>[];
for (int j = 1; j <= _amount; j++) {
if (_dots[i].getLength(j) != -1) {
xx.add (i) ;
} else {
xx.add(-1);

}
out.add (xx) ;
}

return out;

List<int>7 getLongestPath([int start = 1]) {
start--;
if (start < O || start >= _amount) {

return null;

}

int max = -1;
int inD = -1;
int out = -1;

List<int>? res = <int>[];
for (int i = start; i < _amount; i++) {
var lens = _dots[i].getL();
for (var 4 in lens.keys) {
if (lens[d]! > max) {
max = lens[d]!;

inD = i + 1;

out = d;
}
}
}
if (inD == -1) {
return null;
}
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res.add(inD) ;
res.add(out) ;
res.add(max) ;

return res;

List<LenDotPath> getSortedPathList() {

int max = -1;
int inD = -1;
int out = -1;

List<LenDotPath> result = <LenDotPath>[];
for (int 1 = 0; i < _amount; i++) {
var lens = _dots[i].getL();
for (var d in lens.keys) {
max = lens[d]!;
inD = i + 1;
out = d;
result.add(LenDotPath(max, inD, out));

}
result.sort((a, b) => a.l.compareTo(b.1));

return result;

/) kkkkkGetterskkkkkxk

/KK KEKPT UL KKKk KK
void printG() {
stdout.write("$_name: ");
if (_oriented) {
stdout.write("OpuenTupoBanssii, ");
} else {
stdout.write("He opumenTmpoBamHHi, ");
}
if (_useLength) {
print ("B3Bemennnii") ;
} else {
print ("He B3BemenHsii") ;
}
for (var i in _dots) {

i.printD();

void printToFile(String name) {
var file = File(name);
file.writeAsStringSync("$_name\n");

if (_oriented) {
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file.writeAsStringSync("${Separators.isOriented}\n",
mode: FileMode.append) ;
} else {
file.writeAsStringSync("${Separators.isNotOriented}\n",
mode: FileMode.append) ;
}
if (_useLength) {
file.writeAsStringSync("${Separators.hasLength}\n",
mode: FileMode.append) ;
} else {
file.writeAsStringSync("${Separators.hasNoLength}\n",
mode: FileMode.append) ;
}
for (int 1 = 0; i < _amount; i++) {
file.writeAsStringSync(_dots[i].getName() + Separators.dotToConnections,
mode: FileMode.append) ;
var d = _dots[i].getL();
for (var j in d.keys) {
file.writeAsStringSync(
j.toString() + Separators.dotToLength + d[j].toString() + " ",
mode: FileMode.append);
}
file.writeAsStringSync(Separators.nlL, mode: FileMode.append) ;
}
file.writeAsStringSync(Separators.end, mode: FileMode.append) ;
}

/)R KKK KKPTUNE KKK KKK

J/kxk kKKK CONS LTUCT OTHKH KKKk K
Graphs (
[String name = "Undefined",
bool hasLen = false,
bool isOriented = false]) {
_hame = name;
_dots = <Dot>[];
_uselLength = hasLen;
_oriented = isOriented;
_amount = 0;
_nameTable = <int, String>{};
}
Graphs.fromList (String name, List<Dot> dots, bool hasLen, bool oriented) {
_hame = name;
_dots = dots;
_uselLength = hasLlen;
_amount = _dots.length;
_oriented = oriented;
_syncNum() ;
if (!_oriented) _fullFix();
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}

Graphs.fromFile(String path) {
replaceDataFromFile(path) ;

}

kK Ak KkKCONSETUCT OTHK KKKk K

//Copy

Graphs.clone(Graphs a) {
_name = a.getName();
_dots = a.getDots();
_oriented = a.getDoubleSidedBool();
_uselLength = a.getUseLengthBool();
_amount = _dots.length;

_syncNameTable() ;

[/ HFAKFAK A KKK KK N2 0D UIMMOLHR KKK A K KKK

List<int>? bfsPath(int startDot, int goalDot) {
if (startDot == goalDot) return [startDot];
//1f (!bfsHasPath(startDot, goalDot)) return
startDot--;
goalDot--;
List<List<int>>?7 graph = getLenTable();
List<bool> used = <bool>[];
List<int> dst = <int>[];
List<int> pr = <int>[];

for (int 1 = 0; 1 < _amount; i++) {
dst.add(-1);
used.add(false);
pr.add(0);

List<int> q = <int>[];
q.add(startDot) ;
used[startDot] = true;
dst[startDot] = 0;
pr[startDot] =

-1; //Momemka, o03HA“AWYAR, ¥MO Y 6EPUUHbLL

while (q.isNotEmpty) {
int cur = q.removeAt(0);
int x = 0;
for (int neighbor in graph![cur]) {
if (neighbor != -1) {
if (lused[x]) {
q.add(x);

used[x] = true;

null;

startDot Hem npedvidyuyei.
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620

dst[x] = dst[cur] + 1;

prix] = cur; //cozpanenue npedvidyyel eepwurbl

X++3

//Boccmanogum kpamuwaluul nyme
//las eoccmanoenerus nymu npoldém ezo 6 obpamroMm nopadke, U Pa36epHEM.

List<int> path = <int>[];

int cur = goalDot; //mekyuas eepwura nymu

path.add(cur + 1);

while (prlcur] !'= -1) {
//noka cyyecmeyem npedbidyyas 6epuuKa
cur = prlcurl; //nepezodum e neé

path.add(cur + 1); //u donuceieaem k nymu

path = path.reversed.toList();

if (path[0] == (startDot + 1) &&
path[1] == (goalDot + 1) &&
! _dots[startDot] .hasConnection(goalDot + 1)) return null;

return path;

List<bool>?7 dfsIterative(int v) {
V-3
List<bool> label = <bool>[];
for (int 1 = 0; i < _amount; i++) {
label.add(false);
}
List<int> stack = <int>[];
stack.add(v);
//pos.add(v);
while (stack.isNotEmpty) {
v = stack.removelLast();
if (!labellv]) {
label[v] = true;
for (int i in _dots([v].getL() .keys) {
stack.add(i - 1);
//pos.add (i) ;
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return label;

List<int?> dijkstra(int from) {

List<int?> d = List<int?>.filled(_amount, intMax);

List<int> p = List<int>.filled(_amount, -1);

d[from - 1] = 0;

List<bool> u = List<bool>.filled(_amount, false);

for (int 1 = 0; i < _amount; ++i) {
int v = -1;
for (int j = 0; j < _amount; ++j) {

// ant t;

if (tuljl && (v == -1 || d[j1! < dlvl!)) {

v =3

}
if (d[v] == intMax) break;
ulv] = true;
for (int to in _dots[v].getL() .keys) {
int len = _dots[v].getL()[to]l!;
if (!_uselength && len == 0) len = 1;
if (d[v]! + len < d[to - 1]!) {
d[to - 1] d[v]! + len;
plto - 11 = v;

}

for (int i = 0; 1 < d.length; i++) {
// nodymame kak ybpamv smy wacme
if (d[i] == intMax) d[i] = null;

}

return d;

Graphs? kruskal() {
List<LenDotPath> g = getSortedPathList();
//int cost = 0;
List<Dot> res = <Dot>[];

for (int 1 = 0; i < _amount; i++) {

res.add (Dot (_dots[i] .getName(), _dots[i].num));

}

List<int> treeld = List<int>.filled(_amount, 0);

for (int 1 = 0; i < _amount; ++i) {
treeld[i] = 1i;

}

for (int i = 0; 1 < g.length; ++i) {
int a = glil.d - 1, b = glil.p - 1;
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int 1 = g[i].1;

if (treeld[a] != treeld[b]) {
//cost += 1;
res[a] .addPath(b + 1, 1);

int 0ldId = treeld[b], newId = treeld[a];

for (int j = 0; j < _amount; ++j) {

if (treeld[j] == o0ldId) {
treeld[j] = newld;

}

_dots = res;

return Graphs.fromList(_name, res, _uselength, _oriented);

}

[ HFFKAEAFAAFFK KA N2 OP UMMBLR KKK KKK KK

class LenDotPath {
late int 1;
late int d;
late int p;
LenDotPath(int len, dot, path) {

1 = len;
d = dot;
p = path;
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