NOJATOK A

["pahiuHMin MaTepian KBanigikalinHoi poboTu
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XapKiBCbKMI HaLioHa/IbHUIA YHIBEPCUTET paZlioeNeKTPOHIKK

MeToam noLyKy HAaMKOPOTLLOrO LUAAXY
NPOXOAXXEHHSA NabipUHTIB 3a AOMNOMOro 3acob6iB
064YNCIOBAIBHOIO IHTENEKTY

MmarictpaHT rpyny KCM3m-20-1 ConoHueBor J.M.

XapKiBCbKMit HaLiOHa/IbHUI YHIBEPCUTET PadioeIeKTPOHIKM
Kacbeapa EOM, Ten. 702-13-54

AKTyanibHICTb Npo6.1eMU

OAHi€elo 3 OCHOBHMX 3aJay, AKi po3B’A3YHOTbCA NPU MPOEKTYBaHHI
Pi3HOMaHITHUX CUCTEM (HamMpUKAaZ, KOMN’IOTEPHUX MEPEXK, iIrpOBOro
CBiTY), € 3a6e3ne4YeHHs MOXK/IMBOCTi MOLLIYKY HAMKOPOTLLIOrO LUAXY
MiXX By3/1laMM LiiET cucTemn. nd Lboro BUKOPUCTOBYIOTbCA
cneuiasibHi aAropuTMM, asie BUGIp HE € OYEBUAHMM.

O4HUM i3 BUAIB NpeACTaBNEHHA CUCTEMM, Ha AKiM BUKOHYETHCA
MOLUYK LAAXY, € IaBGIPUHT. JaHa CTPYKTypa MoXKe MaTu 6e3i4 yMOB,
O YCKNAAHIOTb MOWYK PilleHHA: AMHaMiIYHi 3MiHi y cxeMmi
JIabipMHTY, YacoBi OBMENKEHHA, YMOBHA «BapTiCTb>» NMepexoay Mix
NEeBHUMM TOYKaMM.

TOMy aKTyanbHOI € Npo6iema BUOOPY asirOpUTMy MOLLYKY Y
NabipuHTax, AKUM 3a6e3neyye onTMMaNbHUM LNAX.

BukoHaB:

HayKoBuWI KepiBHUK:

poueHT Kad. EOM Isawenko I'.C.
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|CHYtOYi METOAM MOLLYKY LUASIXY

*Kagi6Hi aaropntmm: 3acobu 064MCIOBANIbHOIO IHTENEKTY:
- [eMkcTpu - FTEHETUYHMM aNropUTM

noyk A* - MypalluMHa KOJIoHiA

XaAibHMM noLuyK - imiTauia signany

XBU/IbOBMIM anroputm (/i)

MocTaHOBKa 3aJayi

MeToto poboTH € MPOBEAEHHA aHani3y iCHYUYMX aJrOPMTMIB NOLLYKY LIAAXIB Y
KOHTEKCTi BMpilLeHHA NabipunHTIB.

Ana BUABNEHHSA NEPeEBar Ta HEAO0NIKIB anropMTMiB ByJIM BpaxoBaHi HACTYMHi
YMOBMU:

HasABHICTb «KiMHaT>» (A4iNAHOK BiZIbHOr0 NpOCTOpY 6€3 «CTiH»)
HaABHICTb NAacTOK

HaABHICTb TYMMKIB Ta iX KiJIbKiCTb

HaABHICTb pi3HMLI MiXX pebpamMm y Basi

iHWi JOoAaTKOBi YMOBM
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Mepenik BUKOPUCTAHUX TEXHOJIOT i

3aznA NPOBEeAEHHA PETe/IbHOro aHanisy 6ysio BUPiEHO po3po6uTH
3aCTOCYHOK, AIKMW MPUUMAE Y AKOCTi BXIAHMX JaHUX NEBHMM
NabipMHT, a Ha BUXOAi MOKa3ye Yac 06POOKM Ta 06paHMIM LUASX.

AN HanMCaHHA 3aCTOCYHKY 6Y/IM BUKOPUCTaHi HACTYMHi TexHosorii
Ta iHCTPYMEHTa/IbHi 3aCO6M:

- MOBa NMporpamyBaHHA Java
- cepeaoBuule po3pobkm IntelliJIDEA Community 2020.3.3
- Apache Maven

Mpouec po60TH 3aCTOCYHKY

3acTocyHOK

Yac
BapricTe WwhAXy




Ctpateria gocnigXeHHa nadipuHTy

BunazxoBui noLuyk Mowyk i3 cnMckom Taby

TecToBi gaHi

Kopuaop CHiXHWHKa

3a/1 KoJIOH

MoaundikoBaHMM noLyk

MNacTka
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Pe3synbtatn Tecty «Kopuaop»

mm-

ANroput™ JlemKcTpu
Mowyk A*

YKagi6HuM nowwyk
Anroput™m i
FeHEeTUYHUM aNropUTM
MypaLLMHWI anropuTm
ImiTauia Bignany

15
15
15
15
15
15
15

0.181
0.28
0.376
0.158
0.073
0.103
0.122

15
15
15
15
15
15

0.164
0.233
0.265
0.141
0.084
0.092
0.119
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Pesynbtatn Tecty «CHiXXMHKa»

mmmm-

Anroput™ JenkcTpu 15 0.888 0.627
Mowyk A* 15 0.29 15 0.614
YKagi6Hui nowwyk 15 0.485 15 0.375
Anroputm Jli 15 0.611 15 0.625
FeHEeTUYHUI aNiroprUTM 15 0.708 15 0.485
MypaLumHMIM anroputm 15 0.98 15 0.654
ImiTauia Bignany 15 0.822 15 0.305

PesynbTath TECTY «BinbHe none»

ANroput™ JlemKcTpu 15 2.587 48 2.577
Mowyk A* 15 0.39 48 2.05

YKagi6HuM nowwyk 15 0.564 51 0.423
Anroput™m i 15 2.009 59 2.243
FeHEeTUYHUM aNropUTM 19 69.743 . 51.144
MypaLMHWI anropuTm 38.2 31.164 . 31.069
ImiTauia Bignany 33.4 52.553 . 38.434




PesynbTatn TECTY «3a/ KOJIOH»

ANroput™ JlemKcTpu 15 1.636 67 1.718
Mowyk A* 15 0.373 67 2.344
YKagi6HuM nowwyk 15 0.533 78 0.3

Anroput™m i 15 1.95 72 1.529
FeHEeTUYHUM aNropUTM 15.8 40.674 : 37.274
MypaLMHWI anropuTm 23.8 30.088 . 24.404
ImiTauia Bignany 23 41.969 35.085

Pesynbtat Tecty «Kyt»

mm

Anroput™ JlenkcTpu 21 2.002 2.614
Mowyk A* 21 1.317 88 1.905
YKaai6Hui nowyk 21 0.377 88 0.282
Anroputm Jli 21 2.006 88 2.028
FeHeTUYHWUIM aNropuUT™M 21 2.937 88 2.205
MypawmHMI anroputm 21 4.82 88 1.782
ImiTauia Bignany 21 0.356 88 1.998




Pesynbtatn Tecty «[lactka»

ANroput™ JlemKcTpu 27 1.237 109 1.28

Mowyk A* 27 1.202 109 1.362
YKagi6HuM nowwyk 41 1.158 177 1.569
Anroput™m i 27 1.107 113 1.177
TEeHEeTUYHUIM aNropuT™M 27 5.969 109 29.838
MypaLMHWI anropuTm 27 8.215 115.4 21.589
ImiTauia Bignany 27 10.88 112.8 22.048

Pe3ynbTaTu TECTY Ha BE/IMKOMY NabipUHTI

Hassa aropuvy __lllnax ____Juac

ANroput™ JlenKcTpu 100 27.793
Mowyk A* 100 7.369
Kagi6HuM nowwyk 116 2.509
Anroputm Jli 100 22.827
FeHEeTUYHUI aNIrOpUTM 105.6 1174.659
MypaLMHWI anropuTm 130.4 658.94
ImiTauia Bignany 126.8 1006.667
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BUCHOBKM 1 7

3riAHO OTPMMaHKUX pe3yibTaTiB MOXHA 3pOOUTU HACTYMNHi BUCHOBKM:

- 3ac06M 064YMCIQBA/ILHOrO IHTENEKTY MIAXOAATb ANA CUTYaUiM, Koam

MO)K}16I/_1B0 BiZIHAMTU LINAX BUMNAAKOBUMM CNPO6GAMM, a HE BUKOHYBATM MOBHUM
nepe6ip

Ha BIAKPUTUX NMPOCTOPaXx 3aC06M 064YMCIOBAILHOMO IHTENEKTY AOCUTb JOBIO
«B/IyKalTb> B MOLYKAX HAMIMLWOro WaAXy, TOMY B JaHMX CUTyaLifx
aZiibHi MeToAM € BiNblLL AOPEYHMM PilIEHHAM

3aC06M 06YMCIIOBA/IBHOLO iHTENIEKTY TAKOX NiAXOAATb Y TMX CUTyaLifX,
KOJIM MOLUYK LUIAXY HEO6XiZAHO NMPOBOAUTU B peasibHOMY Yaci

Pe3syibTati poboTH nNpeAcTaB/ieHi y pamKax JleB’aToi MixHapoHoi HayKoBo-
TEXHIYHOT KOHDepeHLiT "llpobaemu iHbopmMaTHU3aLii”.
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NOJATOK B

BuxigHuii Kof 3aCTOCYHKY

5.1 Peanisauif anropMtMiB NOLLYKY LLNAXY

b.1.1 Anroputm [eikctpu

package pathfinders.greedy;

import dto.ShortestPathDTO;
import graph.Graph;

import dto.PathLinkDTO;
import graph.Transition;

import java.util._*;
import java.util._.function.BiFunction;

public class DijkstraBasic implements BiFunction<Graph, Integer,
ShortestPathDTO> {

@override
public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
var valuelLabels = new HashMap<String, PathLinkDTO>();
valuelLabels._put(graph.getEntranceVertexLabel (), new
PathLinkDTO(graph.getEntranceVertexLabel (), 0));

var settledValueVertices = new HashSet<String>();

while (settledValueVertices.size() < graph.getAllVertices().size()) {
String currentNodelLabel;
try {
currentNodeLabel = valuelLabels.entrySet().stream()
.Filter(entry ->
IsettledValueVertices.contains(entry.getkey()))
-min(Comparator.comparinglnt(value ->
valuelLabels.get(value.getKey()) .getvalue()))
.getQ
-getkey();
} catch (Exception e) {
break;
}

var transitions =
graph._getTransitionsByVertexLabel (currentNodeLabel);

for (Transition transition : transitions) {
Integer value = Integer.MAX_VALUE;

if (valueLabels.containsKey(transition.getDestination())) {
value =
valuelLabels.get(transition.getDestination()).getvValue();
} else {
valuelLabels.put(
transition.getDestination(),



new PathLinkDTO(currentNodelLabel,
valuelLabels.get(currentNodelLabel) .getValue() + transition.getWeight())

}
if (valuelLabels.get(currentNodelLabel) .getvValue() +

transition.getWeight() < value) {
if (value != Integer.MAX_VALUE) {

settledValueVertices.remove(transition.getDestination());

}

value = valuelLabels.get(currentNodelLabel)._getValue() +
transition.getWeight();
valuelLabels.put(
transition.getDestination(),
new PathLinkDTO(currentNodelLabel, value)

);
}

settledValueVertices.add(currentNodelLabel);

}
var pathDTO = new ShortestPathDTO();
pathDTO.setCost(valuelLabels.get(graph.getExitVertexLabel ()) .getvValue());

var shortestPath = new ArrayList<String>();
shortestPath.add(graph.getEntranceVertexLabel ());

var backtrackCursor = graph.getExitVertexLabel();
while (YbacktrackCursor.equals(graph.getEntranceVertexLabel())) {
shortestPath.add(backtrackCursor);
backtrackCursor =
valuelLabels.get(backtrackCursor) .getLabelFrom();

pathDTO.setPath(shortestPath);

return pathDTO;

6.1.2 MNowyk A*

package pathfinders.greedy;

import dto.HeuristicNodeDTO;
import dto.ShortestPathDTO;
import graph.Graph;

import graph.Transition;

import java.util.*;
import java.util_function._.BiFunction;
import java.util_function.Function;

public class AStarBasic implements BiFunction<Graph, Integer,
ShortestPathDTO> {
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@override

public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
var valuelLabels = new HashMap<String, HeuristicNodeDTO>();
var openSet = new HashSet<String>();

openSet.add(graph.getEntranceVertexLabel ());
valuelLabels._put(graph.getEntranceVertexLabel (), new
HeuristicNodeDTO(graph.getEntranceVertexLabel (), 0, 0));

var closedSet = new HashSet<String>();

while (YopenSet.iseEmpty()) {
var currentNodelLabel = openSet.stream()
-.min(Comparator.comparinglnt(x ->
valuelLabels.get(x).getTotalvalue()))

-get();
openSet.remove(currentNodelLabel);

var transitions =
graph._getTransitionsByVertexLabel (currentNodelLabel);

for (Transition transition : transitions) {
var neighbourParams = new HeuristicNodeDTOQ);
neighbourParams.setParentLabel (currentNodeLabel);

neighbourParams.setFromSourceCostValue(valueLabels._get(currentNodelLabel) .getF
romSourceCostValue() + transition.getWeight());

neighbourParams.setHeuristicGoalDistance(calculateHeuristics(transition.getDe
stination(), graph.getExitVertexLabel()));

if (openSet.contains(transition.getDestination())
&&
valuelLabels.get(transition.getDestination()).getTotalValue()
<= neighbourParams.getTotalValue()) {

continue;
}
if (closedSet.contains(transition.getDestination())
&&

valuelLabels._get(transition.getDestination()).getTotalValue()
<= neighbourParams.getTotalValue()) {
continue;
} else {
openSet.add(transition._getDestination());
}

valuelLabels.put(transition.getDestination(),
neighbourParams) ;

if
(transition.getDestination().equals(graph.getExitVertexLabel())) {

openSet.clear();
break;

}

closedSet.add(currentNodeLabel);
}

var pathDTO = new ShortestPathDTO();

pathDTO.setCost(valuelLabels.get(graph.getExitVertexLabel ()) .getFromSourceCost



Value(Q));

var shortestPath = new ArrayList<String>();
shortestPath.add(graph.getEntranceVertexLabel ());

var backtrackCursor = graph.getExitVertexLabel();
while (YbacktrackCursor.equals(graph.getEntranceVertexLabel())) {
shortestPath.add(backtrackCursor);
backtrackCursor =
valuelLabels.get(backtrackCursor) .getParentLabel();

}

pathDTO.setPath(shortestPath);

return pathDTO;
}

private Integer calculateHeuristics(String source, String goal) {
var sourceCoordinates = source.split("_");
var goalCoordinates = goal.split("_");

var sourceX = Integer.parselnt(sourceCoordinates[0]);
var sourceY = Integer.parselnt(sourceCoordinates[1]);
var goalX = Integer.parselnt(goalCoordinates[0]);
var goalY = Integer.parselnt(goalCoordinates[1]);

return Math.abs(sourceX - goalX) + Math.abs(sourceY - goalY);

6.1.3 XKagibHuii nowyk

package pathfinders.greedy;

import dto.HeuristicNodeDTO;
import dto.ShortestPathDTO;
import graph.Graph;

import java.util.*;
import java.util_function._BiFunction;

public class GreedySearchBasic implements BiFunction<Graph, Integer,
ShortestPathDTO> {

@Override
public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
var valuelLabels = new HashMap<String, HeuristicNodeDTO>();
var openSet = new HashSet<String>();
openSet.add(graph.getEntranceVertexLabel ());
valuelLabels._put(graph.getEntranceVertexLabel (), new
HeuristicNodeDTO(graph.getEntranceVertexLabel(), 0, 0));

var closedSet = new HashSet<String>(Q);

while (YopenSet.iseEmpty()) {
var currentNodelLabel = openSet.stream()
-min(Comparator.comparinglnt(x ->
valuelLabels.get(x).getHeuristicGoalDistance()))

-getQ);



77

openSet.remove(currentNodelLabel);

var transitions =
graph.getTransitionsByVertexLabel (currentNodeLabel);

if (transitions.stream().allMatch(transition ->
closedSet.contains(transition.getDestination()))) {
closedSet.add(currentNodelLabel);
continue;

}

transitions.forEach(transition -> {
if (IclosedSet.contains(transition._getDestination())) {
var neighbourParams = new HeuristicNodeDTOQ);
neighbourParams.setParentLabel (currentNodeLabel);

neighbourParams.setFromSourceCostValue(valueLabels.get(currentNodelLabel) .getF
romSourceCostValue() + transition.getWeight());

neighbourParams.setHeuristicGoalDistance(calculateHeuristics(transition.getDe
stination(), graph.getExitVertexLabel()));

valuelLabels._put(transition.getDestination(),
neighbourParams) ;

openSet.add(transition._getDestination());

}
DE

var bestOfAllTransition = transitions.stream()
-Filter(transition ->
IclosedSet.contains(transition.getDestination()))
-min(Comparator.comparinglnt(x ->
calculateHeuristics(x.getDestination(), graph.getExitVertexLabel())))

-getQ);
if

(bestOfAllTransition.getDestination() -equals(graph.getExitVertexLabel())) {
openSet.clear();
break;

}

closedSet.add(currentNodelLabel);
}

var pathDTO = new ShortestPathDTO();

pathDTO.setCost(valuelLabels.get(graph.getExitVertexLabel ()) .getFromSourceCost
Value(Q));

var shortestPath = new ArrayList<String>();
shortestPath.add(graph.getEntranceVertexLabel ());

var backtrackCursor = graph.getExitVertexLabel();
while (YbacktrackCursor.equals(graph.getEntranceVertexLabel())) {
shortestPath.add(backtrackCursor);
backtrackCursor =
valuelLabels._get(backtrackCursor) .getParentLabel();

}

pathDTO.setPath(shortestPath);

return pathDTO;



private Integer calculateHeuristics(String source, String goal) {
var sourceCoordinates = source.split("_");
var goalCoordinates = goal.split("_");

var sourceX
var sourceY
var goalX
var goalY

Integer.parselnt(sourceCoordinates[0]);
Integer._parselnt(sourceCoordinates[1]);
Integer._parselnt(goalCoordinates[0]);
Integer._parselnt(goalCoordinates[1]);

return Math.abs(sourceX - goalX) + Math.abs(sourceY - goalY);

6.1.4 Anroputm Ji

package pathfinders.greedy;

import dto.PathLinkDTO;
import dto.ShortestPathDTO;
import graph.Graph;

import graph.Transition;
import graph.Vertex;

import java.util.*;
import java.util_function._.BiFunction;
import java.util_stream.Collectors;

public class LeeBasic implements BiFunction<Graph, Integer, ShortestPathDTO>

{

@Override
public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
var valuelLabels = new HashMap<String, PathLinkDTO>();
valuelLabels.put(graph.getEntranceVertexLabel (), new
PathLinkDTO(graph.getEntranceVertexLabel (), 0));

var unsettledValueVertices = graph.getAllVertices().stream()
-.map(Vertex: :getLabel)
.collect(Collectors.toCollection(HashSet::new));

while (lunsettledValueVertices.isEmpty()) {
var currentNodelLabel = unsettledValueVertices.stream()
.Filter(valuelLabels: :containsKey)
-.min(Comparator.comparinglnt(x ->
valuelLabels._get(x).getvValue()))
-get(Q);

var transitions =
graph.getTransitionsByVertexLabel (currentNodelLabel);

for (Transition transition : transitions) {
if
(unsettledValueVertices.contains(transition.getDestination())) {
valuelLabels.put(transition.getDestination(),
new PathLinkDTO(currentNodelLabel,
valuelLabels._get(currentNodelLabel) .getValue() + transition.getWeight()));
if
(transition.getDestination() .equals(graph.getExitVertexLabel ())) {
unsettledValueVertices.clear();
break;
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}

unsettledValueVertices.remove(currentNodelLabel);

}
var pathDTO = new ShortestPathDTO();

pathDTO.setCost(valuelLabels.get(graph.getExitVertexLabel ()).getvalue());

var shortestPath = new ArrayList<String>();
shortestPath.add(graph.getEntranceVertexLabel ());

var backtrackCursor = graph.getExitVertexLabel();
while (YbacktrackCursor.equals(graph.getEntranceVertexLabel())) {
shortestPath.add(backtrackCursor);
backtrackCursor =
valuelLabels.get(backtrackCursor) .getLabelFrom(Q);

}

pathDTO.setPath(shortestPath);

return pathDTO;

5.1.5 FeHeTUYHWIA anropuTm

package pathfinders.computational;

import dto.ShortestPathDTO;
import graph.Graph;
import graph.Vertex;

import java.util._*;
import java.util_function._.BiFunction;
import java.util._.stream.Collectors;

public class GeneticBasic implements BiFunction<Graph, Integer,
ShortestPathDTO> {

@Ooverride
public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
var initialGeneration = new ArrayList<ShortestPathDTO>();

for (int i = 0; 1
var foundBest
optimalCost);
if (foundBest !'= null) {
return foundBest;
}

0; i++) {

<5
= tryToAddNewCreatureTo(initialGeneration, graph,

}

ShortestPathDTO result = new ShortestPathDTO(new ArrayList<>(),
Integer_MAX_VALUE);

List<ShortestPathDTO> generation = new
ArrayList<>(initialGeneration);
var numOfGens = 0;
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while (numOfGens < 35) {
crossingCycle(generation, graph);

generation = generation.stream()

-sorted(Comparator.comparinglnt(ShortestPathDTO: :getCost))
.limit(25)
.collect(Collectors.toList());

result =
generation.stream() -min(Comparator.comparinglnt(ShortestPathDTO: :getCost)).ge
tQO;
if (result.getCost() <= optimalCost) {
return result;
}

numOfGens++;

}

return result;

}

private void crossingCycle(List<ShortestPathDTO> generation, Graph graph)

for (int 1 = 0; 1 < 25; i++) {
var seedM = Double.valueOf(Math.random() *
generation.size())-intvValue();
var seedF = Double.valueOf(Math.random() *
generation.size()).intvalue();

while (seedF == seedM) {
seedF = Double.valueOf(Math.random() *
generation.size()).-intvValue();

var paternalSpecimen
var maternalSpecimen

= generation.get(seedM);

= generation.get(seedF);

if (paternalSpecimen.getPath().size() > 5 &&
maternalSpecimen.getPath().size() > 5) {

var crossMPos ;

var crossFPos

_1;

var zoomMFactor = Double.valueOf(Math.random() *
paternalSpecimen.getPath().size() /7 4 + 2).intvValue();

var zoomFFactor = Double.valueOf(Math.random() *
maternalSpecimen.getPath().size() /7 4 + 2)._intValue();

for (int j = zoomMFactor; j <
paternalSpecimen.getPath().size() - zoomMFactor; j++) {
if (maternalSpecimen.getPath().subList(zoomFFactor,

maternalSpecimen.getPath().size() -
zoomFFactor) .contains(paternalSpecimen.getPath() .get(J))) {

crossMPos = j;

crossFPos =
maternalSpecimen.getPath() . indexOf(paternalSpecimen.getPath().get(j));

break;

}

it (crossMPos > -1) {
var childSpecimen = new ShortestPathDTO();
childSpecimen.setCost(0);
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childSpecimen.setPath(new ArrayList<>());
childSpecimen.getPath() .add(paternalSpecimen._getPath().get(0));

for (int j = 0; jJ < crossMPos; j++) {
var current = paternalSpecimen.getPath().get(J);
var next = paternalSpecimen.getPath().get(J+1);
var costOfTransition =
graph.getTransitionsByVertexLabel (current).stream()
.Filter(x -> x.getDestination().equals(next))
-FindFirst()
-getQ
-getWeight();
childSpecimen.getPath() .add(next);
childSpecimen.addCost(costOfTransition);

}

for (int j = crossFPos; j <
maternalSpecimen.getPath().size() - 1; j++) {
var current = maternalSpecimen.getPath().get(j);
var next = maternalSpecimen.getPath().get(j+1);
var costOfTransition =
graph._.getTransitionsByVertexLabel (current)._stream()
.Filter(x -> x.getDestination().equals(next))
-FindFirst(Q)
-getQ
-getWeight();
childSpecimen.getPath() .add(next);
childSpecimen.addCost(costOfTransition);

}

removeKnots(childSpecimen, graph);
it (childSpecimen.getCost() < paternalSpecimen.getCost()
&& childSpecimen.getCost() < maternalSpecimen.getCost()) {
generation.add(childSpecimen);
}

}

private ShortestPathDTO tryToAddNewCreatureTo(ArrayList<ShortestPathDTO>
initialGeneration, Graph graph, Integer optimalCost) {
var specimen = new ShortestPathDTO();
specimen.setPath(new ArrayList<>());
specimen.setCost(0);

var visitedMap = new HashMap<String, Integer>();
for (Vertex vertex : graph.getAllVertices()) {
visitedMap.put(vertex.getLabel (), -1);

visitedMap.put(graph.getEntranceVertexLabel (), 0);

var cursor = graph.getEntranceVertexLabel();
specimen.getPath() .add(graph.getEntranceVertexLabel ());

while (Ycursor.equals(graph.getExitVertexLabel())) {
var possibleTransitions =
graph.getTransitionsByVertexLabel (cursor).stream()
.Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());

if (possibleTransitions.size() < 1) {



var resetTo = cursor;
var found = false;

var pathlterator = specimen.getPath().size() - 2;

while (!found) {

resetTo = specimen.getPath() .get(pathlterator);

var possiblePreviousTransitions =
graph._.getTransitionsByVertexLabel (resetTo).stream()
.Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());

if (possiblePreviousTransitions.size() > 0) {

found = true;

}
pathlterator--;

}

var prevCursor =
specimen.getPath() .get(specimen.getPath().size() - 2);
var backtickCursor =
specimen.getPath().get(specimen.getPath().size() - 1);
while (YbacktickCursor.equals(resetTo)) {
var finalBacktickCursor = backtickCursor;
var costOfTransition =
graph.getTransitionsByVertexLabel (prevCursor).stream()
Filter(x ->
x.getDestination().equals(finalBacktickCursor))
-FindFirst()
.getQ
.getWeight(Q;
specimen.addCost(-costOfTransition);
specimen.getPath().remove(backtickCursor);

prevCursor =
specimen.getPath() .get(specimen.getPath().size() - 2);
backtickCursor =
specimen.getPath().get(specimen.getPath().size() - 1);

cursor = resetTo;
} else {
var seed = 0;
if (possibleTransitions.size() > 1) {
seed = Double.valueOf(Math.random() *
possibleTransitions.size()).intvalue();

var chosenTransition = possibleTransitions.get(seed);

cursor = chosenTransition.getDestination();

visitedMap.put(cursor, visitedMap.get(cursor) + 1);

specimen.getPath().add(chosenTransition.getDestination());

specimen.addCost(chosenTransition.getWeight());

}

if (specimen.getCost() <= optimalCost) {
return specimen;

} else {
initialGeneration.add(specimen);
return null;



private void removeKnots(ShortestPathDTO result, Graph graph) {
var knotDetected = true;

while (knotDetected) {
var checkList = new LinkedHashSet<String>();

for (int i = 0; 1 < result_getPath().size(); 1++) {
var element = result_getPath().get(i);
if (IcheckList.add(element)) {
var knotStart = result.getPath().get(new
ArrayList<>(checkList).indexOf(element));
var knotEnd = element;

var prevCursor = result.getPath(Q.get(i - 1);
var backtickCursor = element;
while (!backtickCursor.equals(knotStart)) {
var finalBacktickCursor = backtickCursor;
var costOfTransition =
graph.getTransitionsByVertexLabel (prevCursor).stream()
Filter(x ->
x.getDestination().equals(finalBacktickCursor))
-FindFirst()
-getQ
.getWeight(Q;
result.addCost(-costOfTransition);
result._getPath().remove(backtickCursor);

prevCursor = result.getPath(Q.get(i - 1);
backtickCursor = result._getPath().get(i);

}

break;

}

knotDetected = false;

6.1.6 MypalnHu1iA anropuTm

package pathfinders.computational;

import dto.ShortestPathDTO;
import graph.Graph;

import graph.Transition;
import graph.Vertex;

import java.util_*;
import java.util._function.BiFunction;
import java.util._.stream.Collectors;

public class AntBasic implements BiFunction<Graph, Integer, ShortestPathDTO>

{

@override
public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
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var a
var b

1;
3;

var pheromoneValues = new HashMap<String, Double>();
initPheromone(pheromoneValues, graph);

ShortestPathDTO result = new ShortestPathDTO(new ArrayList<>(),
Integer _MAX_VALUE);

var numberOflterations = 0;
while (numberOflterations < 5) {
var antPaths = new ArraylList<ShortestPathDTO>();

for (int 1 = 0; 1 < 10; i++) {
var antPath = newAnt(graph, pheromoneValues, a, b);
if (antPath.getCost() <= optimalCost) {
return antPath;
}

for (String vertex : antPath.getPath()) {
pheromoneValues.put(vertex, pheromoneValues.get(vertex) +
optimalCost/antPath.getCost());

antPaths.add(antPath);
}

updatePheromone(pheromoneValues, graph);

result =
antPaths.stream() .min(Comparator.comparingInt(ShortestPathDTO: :getCost)) .get(
)

if (result.getCost() <= optimalCost) {

break;
}
numberOflterations++;
}
return result;
}
private void initPheromone(HashMap<String, Double> pheromoneValues, Graph
graph) { )
for (Vertex vertex : graph.getAllVertices()) {
pheromoneValues.put(vertex.getLabel (), 1D);
}
}

private void updatePheromone(HashMap<String, Double> pheromoneValues,
Graph graph) {
var evaporationRate = 0.6;

for (Vertex vertex : graph.getAllVertices()) {
pheromoneValues.put(vertex.getlLabel (),
pheromoneValues.get(vertex.getLabel()) * evaporationRate);

}

private ShortestPathDTO newAnt(Graph graph, HashMap<String, Double>
pheromoneValues, Integer a, Integer b) {
var visitedMap = new HashMap<String, Integer>();
for (Vertex vertex : graph.getAllVertices()) {
visitedMap.put(vertex.getLabel (), -1);
}



visitedMap.put(graph.getEntranceVertexLabel (), 0);

var antPath = new ShortestPathDTO();
antPath.setCost(0);

antPath.setPath(new ArrayList<>());

antPath._getPath() .add(graph.getEntranceVertexLabel());
var ant = graph.getEntranceVertexlLabel();

while (Tant.equals(graph.geteExitVertexLabel())) {
var possibleTransitions =
graph._getTransitionsByVertexLabel (ant) .stream()
-Filter(transition ->
visitedMap.get(transition.getDestination()) == -1)
.collect(Collectors.toList());

if (possibleTransitions.size() < 1) {
var resetTo = ant;
var found = false;
var pathlterator = antPath.getPath().size() - 2;

while (Ifound) {
resetTo = antPath._getPath().get(pathlterator);
var possiblePreviousTransitions =
graph.getTransitionsByVertexLabel (resetTo).stream()
.Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());
if (possiblePreviousTransitions.size() > 0) {
found = true;
}

pathlterator--;
}

var prevCursor =
antPath.getPath() .get(antPath.getPath().size() - 2);
var backtickCursor =
antPath._getPath() .get(antPath_getPath().size() - 1);
while (YbacktickCursor.equals(resetTo)) {
var FTinalBacktickCursor = backtickCursor;
var costOfTransition =
graph._getTransitionsByVertexLabel (prevCursor).stream()
Filter(x ->
x.getDestination().equals(finalBacktickCursor))
-FindFirst(Q)
.getQ
-getWeight();
antPath.addCost(-costOfTransition);
antPath.getPath() .remove(backtickCursor);

prevCursor =
antPath._getPath() .get(antPath_getPath().size() - 2);
backtickCursor =
antPath._getPath() .get(antPath_getPath().size() - 1);
}

ant = resetTo;
} else {
if (possibleTransitions.size() > 1) {
var totalAttraction = 0D;
var attractionMap = new HashMap<String, Double>();
for (Transition transition : possibleTransitions) {
var cost =
Math_pow(pheromoneValues.get(transition.getDestination()), a) + 1 /
Math_pow(transition.getWeight(), b);
totalAttraction += cost;
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attractionMap.put(transition.getDestination(),
totalAttraction);

}
var comparators = attractionMap.entrySet().stream()

-sorted(Comparator.comparingDouble(Map.Entry: :getValue))
.collect(Collectors.toList());
var seed = Math.random() * totalAttraction;

for (Map.Entry<String, Double> entry : comparators) {
if (seed <= entry.getValue()) {
ant = entry.getKey(Q);
visitedMap.put(ant, visitedMap.get(ant) + 1);
antPath.getPath().add(ant);
var weight = possibleTransitions.stream()
-Filter(transition ->
transition.getDestination().equals(entry.getkey()))

-FindFirst(Q
.getQ
-getWeight();
antPath.addCost(weight);
break;
}
}
} else {

var transition = possibleTransitions.get(0);

ant = transition.getDestination();
visitedMap.put(ant, visitedMap.get(ant) + 1);

antPath._getPath() .add(ant);
antPath.addCost(transition.getWeight());

}

return antPath;

6.1.7 Anroputm imiTauii Bignany

package pathfinders.computational;

import dto.ShortestPathDTO;
import graph.Graph;
import graph.Vertex;

import java.util_ArraylList;

import java.util_HashMap;

import java.util_function._.BiFunction;
import java.util._.stream.Collectors;

public class AnnealingBasic implements BiFunction<Graph, Integer,
ShortestPathDTO> {

@Override

public ShortestPathDTO apply(Graph graph, Integer optimalCost) {
var temperature = 100;



var result = generatelnitialResult(graph);

while (temperature > 0 && result_getCost() > optimalCost) {
ShortestPathDTO newResult;
if (result.getPath().size() > 10) {
newResult = trylmprovingResult(result, graph);

} else {
break;
}

var delta = Double.valueOf(newResult.getCost() -
result._getCost());

var doTransition
if (delta < 0) {
doTransition = true;
} else {
var transitionChance = Math.exp(-delta/temperature);
var seed = Math.random();
if (seed <= transitionChance) {
doTransition = true;
}

false;

}

if (doTransition) {
result = newResult;
3

if (result.getCost() <= optimalCost) {
return result;
}

temperature--;

}

return result;

}

private ShortestPathDTO trylmprovingResult(ShortestPathDTO result, Graph
graph) {
var newResult = new ShortestPathDTO(result);

var intersections = newResult._getPath().stream()
.Filter(vertex ->
graph.getTransitionsByVertexLabel (vertex).size() > 2)
.collect(Collectors.toList());

var seed = Double.valueOf(Math.random() *
intersections.size()).intvalue();
var chosenlntersection = intersections.get(seed);
var chosenlndex = newResult._getPath().indexOf(chosenlntersection);
var bannedTransition =
newResult_getPath() .get(newResult.getPath() . indexOf(chosenlntersection) + 1);

var success = retryPathFromTo(
newResult,
graph,
chosenlntersection,
chosenlndex,
bannedTransition

);

if (success) {
return newResult;
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} else {
return result;
3

}

private boolean retryPathFromTo(ShortestPathDTO path, Graph graph, String
chosenlntersection, Integer chosenlndex, String bannedTransition) {
for (int i = chosenlndex; i1 < path.getPath().size() - 1; i++) {
var current = path.getPath().get(i);
var next = path.getPath(Q.get(i + 1);
var costOfTransition =
graph._.getTransitionsByVertexLabel (current)._stream()
-Filter(x -> x.getDestination().equals(next))
-FindFirst(Q
.getQ
-getWeight();
path_addCost(-costOfTransition);

}

path.getPath().subList(chosenlndex + 1, path.getPath().size() -
1) .clear();

var visitedMap = new HashMap<String, Integer>();
for (Vertex vertex : graph.getAllVertices()) {
if (path.getPath().contains(vertex.getLabel()) &&
Ivertex.getLabel () .equals(graph.getExitVertexLabel())) {
visitedMap.put(vertex.getLabel (), 0);

} else {
visitedMap.put(vertex.getLabel (), -1);
}
}

visitedMap.put(bannedTransition, 0);
visitedMap.put(graph.getEntranceVertexLabel (), 0);

var cursor = chosenlntersection;
while (Ycursor.equals(graph.getExitVertexLabel())) {
var possibleTransitions =
graph._getTransitionsByVertexLabel (cursor) .stream()
.Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());

it (possibleTransitions.size() < 1) {
var resetlTo = cursor;
var found = false;
var pathlterator = path.getPath().size() - 2;

while (Ifound) {
if (pathlterator < 0) {
return false;
}

resetTo = path.getPath().get(pathlterator);
var possiblePreviousTransitions =
graph.getTransitionsByVertexLabel (resetTo).stream()
-Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());
if (possiblePreviousTransitions.size() > 0) {
found = true;
}

pathlterator--;
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var prevCursor = path.getPath().get(path.getPath().size() - 3);
var backtickCursor = path.getPath().get(path.getPath().size() - 2);
while (YbacktickCursor.equals(resetTo)) {
var FTinalBacktickCursor = backtickCursor;

var costOfTransition =
graph._getTransitionsByVertexLabel (prevCursor).stream()
Filter(x ->
x.getDestination().equals(finalBacktickCursor))
-FindFirst(Q)
-getQ
-getWeight();
path_.addCost(-costOfTransition);
path.getPath() .remove(backtickCursor);

prevCursor = path.getPath().get(path.getPath().size() - 3);
backtickCursor = path.getPath() .get(path.getPath().size()
- 2);
}
cursor = resetTo;
} else {
var seed = 0;
if (possibleTransitions.size() > 1) {
seed = Double.valueOf(Math.random() *
possibleTransitions.size()).intvalue();

var chosenTransition = possibleTransitions.get(seed);

cursor = chosenTransition.getDestination();
visitedMap.put(cursor, visitedMap.get(cursor) + 1);

if (Ycursor.equals(graph.getExitVertexLabel())) {
path.getPath().add(path.getPath().size() - 1,
chosenTransition.getDestination());

}
path_addCost(chosenTransition.getWeight());

}

return true;

}

private ShortestPathDTO generatelnitialResult(Graph graph) {
var solution = new ShortestPathDTO();
solution.setPath(new ArrayList<>());
solution.setCost(0);

var visitedMap = new HashMap<String, Integer>();

for (Vertex vertex : graph.getAllVertices()) {
visitedMap.put(vertex.getLabel (), -1);

}

visitedMap.put(graph.getEntranceVertexLabel (), 0);

var cursor = graph.getEntranceVertexLabel();
solution.getPath().add(graph.getEntranceVertexLabel ());

while (Ycursor.equals(graph.getExitVertexLabel())) {
var possibleTransitions =
graph.getTransitionsByVertexLabel (cursor).stream()
-Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());



90

if (possibleTransitions.size() < 1) {
var resetTo = cursor;
var found = false;
var pathlterator = solution.getPath().size() - 2;

while (Ifound) {
resetTo = solution.getPath() .get(pathlterator);
var possiblePreviousTransitions =
graph.getTransitionsByVertexLabel (resetTo).stream()
.Filter(transition ->
visitedMap.get(transition.getDestination()) < 0)
.collect(Collectors.toList());

if (possiblePreviousTransitions.size() > 0) {
found = true;
}

pathlterator--;
}

var prevCursor =
solution.getPath().get(solution.getPath().size() - 2);

var backtickCursor =
solution.getPath().get(solution.getPath().size() - 1);

while (YbacktickCursor.equals(resetTo)) {
var finalBacktickCursor = backtickCursor;
var costOfTransition =
graph._getTransitionsByVertexLabel (prevCursor).stream()
Filter(x ->
x.getDestination().equals(finalBacktickCursor))
-FindFirst()
-getQ
-getWeight();
solution.addCost(-costOfTransition);
solution.getPath().remove(backtickCursor);

prevCursor =
solution.getPath().get(solution.getPath().size() - 2);

backtickCursor =
solution.getPath() .get(solution.getPath().size() - 1);

cursor = resetTo;

} else {

var seed = 0;
if (possibleTransitions.size() > 1) {
seed = Double.valueOf(Math.random() *
possibleTransitions.size()).intValue();

var chosenTransition = possibleTransitions.get(seed);

cursor = chosenTransition.getDestination();
visitedMap.put(cursor, visitedMap.get(cursor) + 1);

solution.getPath().add(chosenTransition.getDestination());
solution.addCost(chosenTransition.getWeight());

}

return solution;



6.2 BuxigHuin Kog ONOMIDKHMX KNaciB

6.2.1 3unTyBay nabipnHTy

package parser;
import lombok.SneakyThrows;

import java.io.File;
import java.util._Scanner;

public class InputMazeParser {

@SneakyThrows
public char[][] parseNotWeightedNotOrientedMaze() {
// var scanner = new Scanner(new

File(".\\src\\main\\resources\\_maze_large'));

var scanner = new Scanner(new
File(".\\src\\main\\resources\\straight_line_maze'™));

// var scanner = new Scanner(new
File(".\\src\\main\\resources\\corner_maze'));

// var scanner = new Scanner(hew
File('-\\src\\main\\resources\\open_field_maze'™));
// var scanner = new Scanner(new
File(".\\src\\main\\resources\\net_trap_maze'));
// var scanner = new Scanner(new
File(".\\src\\main\\resources\\snowflake_maze'));
// var scanner = new Scanner(new

File(".\\src\\main\\resources\\pillar_room_maze'));
var size = scanner.nextLine().split("'\\s");

var readArray = new
char[Integer_parselnt(size[0])][Integer.parselnt(size[1])*3];

for (int i = 0; i < Integer.parselnt(size[0]); i++) {
readArray[i] = scanner._nextLine().toCharArray(Q);

}

var array = new

char[Integer.parselnt(size[0])]1[Integer.parselnt(size[1l])];

for (int i = 0; 1 < Integer.parselnt(size[0]); i++) {

for (int j = 0; j < Integer.parselnt(size[1]); j++) {
array[i][j] = readArray[i][}J*3];
}
}
return array;
}
@SneakyThrows

public char[][] parseWeightedNotOrientedMaze() {
var scanner = new Scanner(new
File(".\\src\\main\\resources\\straight_line_maze w'™));
// var scanner = new Scanner(new
File(".\\src\\main\\resources\\corner_maze_w'"));
// var scanner = new Scanner(nhew
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File(".\\src\\main\\resources\\open_field_maze w'™));

// var scanner = new Scanner(new
File('-\\src\\main\\resources\\net_trap_maze w'));
// var scanner = new Scanner(new
File("".\\src\\main\\resources\\snowflake maze w'));
// var scanner = new Scanner(new

File(".\\src\\main\\resources\\pillar_room_maze w'™));
var size = scanner.nextLine().split("'\\s");

var readArray = new char[Integer.parselnt(size[0])*2 -
1][Integer._parselnt(size[1])*6];

for (int i = 0; 1 < Integer.parselnt(size[0])*2 - 1; i++) {
readArray[i] = scanner.nextLine().toCharArray(Q);
}

var array = new char[Integer._parselnt(size[0])*2 -
1][Integer._parselnt(size[1])*2];

for (int i = 0; 1 < Integer.parselnt(size[0])D*2 - 1; i++) {

for (int j = 0; jJ < Integer.parselnt(size[1])*2 - 1; j++) {
array[i][J] = readArray[i][J*3];
}

}

return array;

6.2.2 lNMepeTBOptOBaYi NabipuHTy y rpad

package converters;

import graph.Graph;

import java.util_function.Function;

public class ArrayToGraphConverter implements Function<char[][], Graph> {

@Override

public Graph apply(char[][] array) {
var graph = new Graph(Q);

for (int i = 0; 1 < array.length; i++) {
for (int j = 0; j < array[i]-length; j++) {
var symbol = array[i][jl;

if (symbol = ’0%) {
if (symbol == ”e” || symbol == "A” || symbol == "B”) {
var label = String.format(*%d_%d", i, j);
if (symbol == *A”) {
graph._setEntranceVertexLabel (label);
} else if (symbol == "B?) {
graph.setExitVertexLabel (label);

}
graph._addNewVertex(label);
searchForAdjacentVertices(graph, array, i, j);
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}

return graph;

}

private void searchForAdjacentVertices(Graph graph, char[][] array, int
rowlndex, int columnlndex) {
if (rowlndex > 0
&& rowlndex < array.length - 1

&& (array[rowlndex + 1][columnindex] == A~
Il array[rowlndex + 1][columnindex] == ’B~’
Il array[rowlndex + 1][columnindex] == “e”)) {

graph.addNewVertex(String.format("'%d_%d", rowlndex + 1,
columnindex));

graph._addTwoWayTransition(
String.format("'%d_%d", rowlndex, columnlndex),
String.-format("'%d_%d', rowlndex + 1, columnindex),
1,
1

):

}

if (rowlndex < array.length - 1
&& rowlndex > 0

&& (array[rowlndex - 1][columnindex] == A~
Il array[rowlndex - 1][columnindex] == ’B~’
Il array[rowlndex - 1][columnindex] == “e”)) {

graph.addNewVertex(String.format("'%d_%d", rowlndex - 1,
columnindex));

graph._addTwoWayTransition(
String.format("'%d_%d", rowlndex, columnlndex),
String.format("'%d_%d', rowlndex - 1, columnlindex),
1,
1

):

}

if (columnindex > 0
&& columnindex < array[rowlndex].length - 1

&& (array[rowlndex][columnlndex + 1] == ~A~
Il array[rowlndex][columnlndex + 1] == ’B~’
Il array[rowlndex][columnindex + 1] == “e”)) {

graph._addNewVertex(String.format(*'%d_%d", rowlndex, columnlndex +

1);
graph._addTwoWayTransition(
String.format("'%d_%d", rowlndex, columnlndex),
String.format("'%d_%d', rowlndex, columnlndex + 1),
1!
1
)
}
if (columnindex < array[rowlndex].length - 1
&& columnindex > 0
&& (array[rowlndex][columnlndex - 1] == A~
Il array[rowlndex][columnindex - 1] == ’B~
Il array[rowlndex][columnindex - 1] == “e”)) {
graph._addNewVertex(String.format("'%d_%d', rowlndex, columnlndex -
1);

graph.addTwoWayTransition(
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String.format("'%d_%d", rowlndex, columnlndex),
String.-format("'%d_%d', rowlndex, columnlndex - 1),
1!

1

}

package converters;
import graph.Graph;
import java.util_function.Function;

public class ArrayToWeightedGraphConverter implements Function<char[][],
Graph> {

@Override

public Graph apply(char[][] array) {
var graph = new Graph(Q);

for (int i = 0; 1 < array.length; i++) {
for (int j = 0; j < array[i]-length; j++) {
var symbol = array[i][jl;

if (symbol = ’0%) {
if (symbol == ”e” || symbol == “A” || symbol == "B*) {
var label = String.format("'%d_%d", i/2, j/2);
if (symbol == "A”) {
graph._setEntranceVertexLabel (label);
} else if (symbol == "B?) {
graph.setExitVertexLabel (label);

}
graph._addNewVertex(label);
searchForAdjacentVertices(graph, array, i, J);

}

return graph;

}

private void searchForAdjacentVertices(Graph graph, char[][] array, int
rowlndex, int columnlndex) {
if (rowlndex > 1
&& rowlndex < array.length - 2

&& (array[rowlndex + 2][columnindex] == *A’
Il array[rowlndex + 2][columnindex] == ’B~’
Il array[rowlndex + 2][columnindex] == “e”)) {

graph.addNewVertex(String.format("'%d_%d', rowlndex/2 + 1,
columnindex/2));
graph._addTwoWayTransition(
String.-format("'%d_%d', rowlndex/2, columnlndex/2),
String.format("'%d_%d', rowlndex/2 + 1, columnindex/2),
Character.getNumericValue(array[rowlndex +
1][columnlndex]),
Character .getNumericValue(array[rowlndex +
1][columnlndex])

) ;



if (rowlndex < array.length - 2
&& rowlndex > 1
&& (array[rowlndex - 2][columnindex] == A~
Il array[rowlndex - 2][columnindex] == ’B~”
Il array[rowindex - 2][columnindex] == “e”)) {

graph._addNewVertex(String.format("'%d_%d", rowlndex/2 - 1,
columnindex/2));
graph.addTwoWayTransition(
String.format("'%d_%d', rowlndex/2, columnlndex/2),
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String.-format('%d_%d', rowlndex/2 - 1, columnindex/2),

Character .getNumericValue(array[rowlndex -
1][columnlndex]),

Character.getNumericValue(array[rowlndex -
1][columnindex])

}
if (columnindex > 1
&& columnindex < array[rowlndex].length - 2

&& (array[rowlndex][columnlndex + 2] == ~A~
|1 array[rowlndex][columnlndex + 2] == ’B~’
Il array[rowlndex][columnlndex + 2] == “e”)) {

graph.addNewVertex(String.format("'%d_%d', rowlndex/2,
columnindex/2 + 1));
graph._addTwoWayTransition(
String.-format("'%d_%d', rowlndex/2, columnlndex/2),
String.format("'%d_%d', rowlndex/2, columnlndex/2 +

1,

Character.getNumericValue(array[rowlndex][columnindex +

1D,

Character .getNumericValue(array[rowlndex][columnlndex +

1D
);
}

if (columnindex < array[rowlndex].length - 2
&& columnindex > 1

&& (array[rowlndex][columnindex - 2] == A~
Il array[rowlndex][columnindex - 2] == ’B~
Il array[rowlndex][columnindex - 2] == “e”)) {

graph._addNewVertex(String.format("'%d_%d', rowlndex/2,
columnindex/2 - 1));
graph.addTwoWayTransition(
String.format("'%d_%d', rowlndex/2, columnlndex/2),
String.-format("'%d_%d', rowlndex/2, columnlndex/2 -
Character .getNumericValue(array[rowlndex][columnindex
Character .getNumericValue(array[rowlndex][columnindex

);

1,
- 1D,
- 1D



