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Abstract. The Floyd—Warshall algorithm is a good choice for computing paths between all pairs
of vertices indense graphs, in which most or all pairs of vertices are connected by edges. For sparse
graphs with non-negative edgeweights, a better choice is to use Dijkstra's algorithm from each possible
starting vertex. Also, a very good thing is that thesolution is very accurate, when using a computer. In
this paper, the authors tried to apply a solution using C++programming language to make possible
many entries.
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levads

Ar Floida-Varsala algoritma palidzibu ir iesp&jams atrast isako celu (attalums starp 2.
virsotn€m) no katras grafa virsotnes lidz visam pargjam virsotném. Algoritms saglaba datus 2D
masiva ka 1sakos attalumus starp visam grafa virsotném.

Sakotngji taja ievieto ievada datus, un tad algoritma darbiba norisinas,izveloties katras
tris virsotnes i, k un j. Apskata cela posmu no i l1dz j, izv€loties starp-virsotni k, un ja cel$no 1
lidz k plus” no k Iidz j izradas 1saks neka no i 1idz j, tad cel$ ar starp-virsotni k tiek uzskatits
par ieprieksgja cela uzlabojumu. Ar 1sako celu saprotam minimalo grafa posmu svaru summu.
Pielietojot So algoritmu jaievero, ka k-tas — vid€jas virsotnes ciklam jabiit pirmajam.

Referata tiek apskatits grafu teorijas pielietojums 1saka cela atraSanai starp grafa
virsotném, izmantojot C++ programmesanas valodu.

C++ vide tika veiksmigi izstradata programma, kura izveido “logu”datuievadei un,
izmantojot Floida-VarSala algoritmu, aprékina isako celustarp grafa virsotném, un beigas
izvada atrisinajumu skaitliska veida un vizuala forma.

Darba mérkis:

e pilnveidot matematikas zinaSanas par grafu teorijas nodalu — 1saka cela
aprekinasana;

e pilnveidot zinaSanas par programméSanas valodu C++ - realizét konkrétu
algoritmu 1saka cela aprékinasanai grafa;

e izstradat aplikaciju 2. punkta programmas realizacijai.

Darba uzdevumi:

e iepzities ar teorctisko materialu, saistitu ar grafu teorijas lietojumiem Tsaka cela
aprékinasanai starp grafa virsotném,;
e izpétit ieprieks apskatita teorétisko materiala pielietosanas iesp&jas Tsako marSrutu
aprékinasanai grafa, izmantojot Floida-Varsala algoritmu;
e Uzrakstit programmu C++ valoda 2. punkta izpildei:
a) izveidot lietotajam draudzigu teksta failu lasiSanas programmu parametru
ievadei;
b) realizet Floida-Varsala algoritmu;
¢) izvadit iegiitos rezultatus lietotajam saprotama skaitliska un vizuala forma.

http://dx.doi.org/10.17770/het2019.23.4397
31


http://dx.doi.org/10.17770/het2019.23.4397
mailto:raivis.gavars1@gmail.com
mailto:einarsng@inbox.lv
mailto:janisarturslazdins@gmail.com

RT 23. starptautiska studentu zindtniski praktiska konference
REZEKNES TEHNOLOGIJU AKADEMIJA Cilveks. Vide. Tehnologijas

Algoritma izvéle

Isaka cela aprekinasanai starp dazadam virsotném pastav dazadas teorémas kuras visas ir
iesp&jams realizét C++ programmeéSanas valoda.

Deikstra algoritms.

Deikstra algoritms strada ar mérki aprekinat celu no vienas dotas virsotnes lidz pargjam.

Floida-Varsala algoritms.

Atskiriba no Deikstra algoritma Floida-VarSala algoritms atlauj aprékinat 1sako celu no
jebkuras virsotnes uz jebkuru citu.

.NET vide un C++ programmeésanas valoda

C++ ir objektorientéta programméSanas valoda, kura ir paredz€ta darbam ar .NET
Framework platformas, kuras izveidoja Microsoft. .NET vide (izrunajama ka "dot net") ir
programmu vide, kura lielakoties strada uz Microsoft Windows operetaj sist€émas. Ta satur lielu
biblioteku, ar kuras palidzibu ir iesp&jama dazadu programmesanas valodu mijiedarbiba.

C++ valoda ir plasi pazistama un tiek ari izvéleta ta paSa iemesla d€l. Tas priekSrocibas
ir relativa viegluma pakape, ka ar7 ekstensiva standarta funkciju biblioteka, pateicoties .NET
platformai. Viens minuss ir tads, ka, lai izmantot §adas aplikacijas, lietotdjam uz datora jabiit
ieinstalétam pareizas versijas .NET framework, bet gadijuma ja lieto Windows 8 un augstak,
tad ta jau nak kopa ar OS. To var arT ieladét no Microsoft web lapas par velti.

Programmu veidoSana ar C++ parasti notiek ar Microsoft VisualStudio, programmeéSanas
vidi, kura ir cieSi integréta ar Microsoft valodam un .NET, kas lauj intuitivu projektu veidoSanu
un testeéSanu.

Blokshéma un izejkods
Gan karte, gan programma tiek balstita uz pien€muma — iesp&jams parvietoties abos
virzienos.
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| celifj][k] = celiljIfi] + celifi][K] |
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1. attels. Floida-VarSala algoritma blokshéma
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Pilsétas, kuras nav savienotas, tika aizvietotas ar -1 vieglakai importé$anai programma

! pitetas - Notepad
" pilsetuMatrica - Notepad - m] X Fle Bt F View Help
File Edit Format View Help >
-1 -1 -1 -1 -1 El -1 -1 El -1 -1 El -1 " Alnazi (1) ~
a 1 1 1 1 1 1 1 a 15 51 a 1 Afrkrauvkle (2)
-1 -1 -1 -1 31 -1 -1 -1 -1 -1 -1 -1 -1 Alzpute (3)
-1 -1 El El -1 El -1 -1 El 1 47 El E Akniste (4)
-1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 R Al 5
1 1 -1 e 1 -1 15 1 1 1 1 1 1 oja (5)
98 -1 -1 -1 -1 -1 52 -1 -1 1 -1 -1 -1 Aluksne (6)
-1 K] -1 JE! K] -1 -1 K] E 1 -1 E K] Ape (7)
-1 -1 El El -1 El -1 33 El 1 -1 El E
-1 1 1 ] 1 1 1 1 -1 1 1 -1 1 Auce (8)
1 -1 1 1 -1 1 36 -1 1 1 1 -1 -1 Baldone (9)
-1 -1 -1 -1 -1 -1 -1 -1 -1 69 -1 47 -1 Balozi (10)
-1 1 -1 17 1 -1 R 1 -1 R 1 -1 86 Balvi (11)
-1 K] -1 -1 K] -1 -1 K] E -1 -1 E K]
] E 1 E E 1 37 E 1 1 1 1 1 Bauska (12)
-1 8 86 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 Broceni (13)
-1 86 0 -1 -1 -1 -1 -1 24 -1 -1 -1 -1 Cesis (14)
-1 -1 El a -1 El -1 -1 El -1 -1 29 51
-1 1 1 1 ) 15 1 1 1 1 1 -1 -1 Cesvaine (15)
-1 1 -1 el 15 o -1 -1 -1 -1 -1 -1 -1 Dagda (16)
37 -1 -1 -1 -1 -1 ] -1 -1 -1 -1 -1 -1 Daugavpils (17)
-1 K] -1 -1 K] -1 -1 ) E -1 -1 E K] Dovele (18)
-1 -1 24 El -1 El -1 -1 @ -1 -1 El E
a a a1 a a a1 1 a e a A = a Durbe (19)
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 ) -1 -1 Grobira (29)
-1 -1 El 29 -1 El -1 -1 El -1 -1 @ 45 Gulbene (21)
-1 1 -1 51 1 -1 R 1 -1 R 1 a5 0
-1 1 1 1 1 1 1 1 -1 1 1 -1 -1 Tkskile (22)
-1 1 -1 El 1 -1 1 1 -1 1 -1 -1 -1 Ilukste (23)
-1 -1 -1 -1 -1 -1 -1 -1 -1 35 -1 -1 -1 v Jaunjelgava (24)
< L Jekabpils (25)
Jelgava (26)
2. attels. Sakotnéja matrica Mrmaly' (27)
Kandava (28)
Karsava (29)
Kegums (30)

3. attéls. Pilsétu saraksts

Tika izveidots pilsetu sarakstu, kas tiks importets programma.[4]
S1 koda dala tiek izpildita, tikko palaizot programmu.
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privcte' Systea: :void Saskarne l.ocd(sﬁm 0bject™ sender, System::EventArgs® o) {
array<string~>* pilsetusaraksts
bool falleMavatrasts = false;

try {
pilsetuSaraksts « System::X0::File::ReadAlllines(L"pilsetas. txt");
/7 izmanto sistémas funkcisss laf aizpilditu sacakstu saskarme

}
cateh (...)
failsvavatrasts « true;

i (Ifailsvavatrasts)

{

| this->comboBoxl->Items - >AddRange (pilsetuSaraksts);
// Lxveido sarakstu ar pilsetam comboBox elementan
this->comboBox2- >Items - »addrange (pilsetusaraksts);

// sprekinasanas sakums

std::ifstream ifs("pilsetas.txt®);

// atver failu kurs satur plisetu sarakstu

std::string line;

meclr: iinterop: :marshal context convert;

// =ainiga parveldotais 1ol nodrosinatu saviencjamibu ar cbickties
J/int sakumaindex » -1, beiguindex « -3;

double 3;

if (ifs.1s_open())
/7 Ja fails Ir strasts turpinet
{

for (int 1 « 0; getline(ifs, line); 1++)
L/ nolass vises rindss no pilsetas.txt un saglabe ur masive
{

pilsetusarakstsnosauk[i] « line;
}
ifs.close();
ifs.open(“pilsetumatrica. txt™);
1/ pec tam kad nolasits pilsetu saroksts atver nakamo fallu kurs visus datu ka pilsetas ir savienotas
if (ifs.is_open())
for (Ant 4 =0, 1 =« 0; 1fs >> a; i)

{
if (8 == 1)
f' ﬁ’j/_iu jnftlis ‘elements ir -1 tad matricos clemontam tika pieskirts besgaliba 1ai neizmantolty 50 elementu spreikin

“pilsetas{J]{1] « std::mumeric_limitscdouble>::infinity();
else // pretesl isvietot nolasito elesentu matrica

pilsetas(3][1] = a;
celi[§]{4] = pilsetusarakstsnosauk[i];

1f (1 == 75) // 1a ir sasalegts rindas beigas tad pare) ur rakamo rindu
{

i=-1
I+
ey
S )
}
else
{
| messageBox: :Show(L"Fails kurs satur pilsétu matricu metika atrasts.”, L"Pazinojums™, MessageBoxButtons::OK,
}

ifs.close();
/7 & apreking dala &
for (int 1 = 9; § < 76; 1++)
for (int J = 0; § < 76; J*+)
for (Int k = 8; k < 76; kes)
:f (pilsetas[j][k] > pilsetas[J][1] + pilsetas[i](k])

pilsetas(j](k] = pilsetas[3][1] +» pilsetas[i][k];
celi[3](k] = celif3][4] + °," + celi[i][k];

: }
2
}
/7t apreking dala t
¥
else
Messagefox: :Show(L"Falls kurs satur pilsétu sarakstu netika atrasts.”, L"Pazinojums®, MessageBoxiuttons::OK, Mes
}
else

MessageBox: :Show(L"Fails kurd satur pilsétu sarakstu netika strasts.”, L Parinojums”, MessapesoxButtons::OK, Message

mriusts: Cuctam: *Unid hdtnmt FlicrkiCuctom: \Midiscts  conder Cuctsam' rPusatiroch o) [

4. artéls. Programmas starta kods

St koda dala tiek izpildita, kad tiek uzspiesta poga “Aprékinat”.
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privte: System: (vold buttond CLIcR{System: 20ject® sender, System:ibventirgs® o) (
mileidintercp: saershal content convert;
stdiistring sokums « convert.marohal_ascstd|string(this->conbobod-Text)) // tiek parveldots melnigels
St 1string Delges » convert.mrshal ascstd: strings(this-oconboboe-sText) ) // thek parveltots melnipais
st istring Soveletaiscels, tewp « )
it satumadndex « -1, belputndex « <1, 4, §i // default vertibes

for (Lo & 1 CN; 1e0) // atrod plisetu indekses Wurd thhs Ineleti

1f (phlsetusarakstoncsackl] » salums)
shusalndex » 1}
1 (phlsetuSarakstonorak{i] o= beiges)
beigulndex « §;
)

3 (satumaIndex 1o -3 A5 Delguindex Mo +1) // 30 1IN0 Liveletad pilsetss Durplast node Lipiidl

Je0ut oo Intiphlsetin | spbumalngis | (Bedpuinden]) <« 40d:endl]
thisoreultatsoText « convert,marshal_ascStrings(sté; :to_stringl Lnt (pdlsetas| sskumalndex][belguindex]))) « \" Ma™; // snskarne L1 parsdils Topejuis mrsnita proum

Izveletalscels » pilsetusarakstomsack| satusaindex] + *,* o cels|sooumatnden)(delgutadex)) // vish mwraruts saraksly
for (£00, §+0; § ¢ (Int)aveletalscels, longth(); do0)

1f (SoveletatoCels, < str(){1] we ',") // hommts tike Lottty L) stdality pllsetes (formate)uss)
{

D515 E0001 - ) 10 - JA( Comvert. MarsAl aScstring™s(std: 110 string(] 1)) ¢ *)\t* « convert.marshal asciteing®y(tem)); // pleviess pllsety saratstm
I
o« "
}
else
tesp +» Izveletaiodels.c str()[1); // phisetm nosavkums tike witots po burtiow

}
ko istient  Ttems »Add(comvert marshal_ancString*s(std:ito stringl] « 1)) « *)\t" + convert marshal ascitring*)(temp)); // pleviero pedeso pilsty st
tow « ™

)

e
essageton tShow(L" Netiin (1wildta shiume wn/val Dedpy pLISEtA.”, L'Pazioojums®, Messagesontittons: 0K, Messapetonicon! iDxclametion); // pretels padiioms pazinet oo nav Loveletas piiseta

5. attéls. Programmas aktiva dala

levada
nokurienes,
uzKurieni

i=0; i<76; i=i+1

nokKurienes =
pilsetuSaraksts[i

sakumaPilsetasindex =i |

uzKurieni =
1 ilsetuSaraksts[i

—{ beiguPilsetasindex = | |

6. attéls. Pilsétu indeksu mekléSana

Kad lietotajs ir ievadijis sakuma un beigu pilsétu nosaukumus, $o pilsétu nosaukumi tiek
salidzinati ar sarakstu (3. att€ls.) un tiek atrasti attiecigi indeksi.
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/] tiek aprekinats isakais cels
for (inti=0;i<76;i++)
{
for (intj=0; j <76; j++)

for (intk =0; k < 76; k++)

if (pilsetas[j][Kk] > pilsetas[j][i] + pilsetas[i][K])
{
pilsetas[j][K] = pilsetas][j][i] + pilsetas[i][K];
celi[jl[K] = celi[j][i] + "\n\t" + celi[i][K];

¥
¥

}
l

cout << "levadiet no kuras pilsetas uz kuru tiks veikts cels:\nno: *;
cin >> noKurienes;
cout << "lidz: ";
cin >> uzKurieni;[5]
ST koda dala ir Floida-Varsala algoritms, kas aprékina sako celu. Pirma mariruta
aprékinata vertiba tiek salidzinata ar katru nakamo aprékinato vertibu, ja §1 vértiba ir mazaka
par jau eksist&josi, tad ta tiek aizvietota.

Kontrolpieméru un izejkoda rezultati

Celi un to marsuti ir balstitit uz Google Earth kartes, jau sagatavotiem celiem. Lai
parliecinatos, ka ir ieklauti visi pieejamie celi, karte tiek parbaudita, izmantojot mobilo
aplikaciju Waze. Ja marSruta starp 2. pilsétam ir jabrauc caur treSo pilsétu, $is marSruts tiek
dalits 2. dalas. Ir iesp&jams, ka pastav vairak variaciju, kuras var ieklaut programma un kartes
izveidoSana, tacu darba veidotajiem nav iesp&jams parbaudit visus Latvijas celus. Veidot dalu
no kartes precizaku butu neobjektivi, tapec karte tika veidota izmantojot vienu metodi, kuru var
pielietot visa Latvija. Par sakuma un beigu punktu tiek uzskatiti pils€tas centri. Pilsétas tiek
numurétas alfab&ta seciba._Shematisks zim&jus var bt maldino$s un var tikt izmantots tikai
attaluma att€losanai. [6]
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7. attels. Kartes dala
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8. attéls. Shematisks attéls

Izmantojot 3. un 4. att€lu, varétu pienemt, ka 1sakais marsruts starp 34.(Liepaja) un 12.
(Bauska) ir aprékinats $adi: 13(->20) + 32(->48) + 95(->8) + 92(->12) =232. Tacu programmas
rezultgjosa vertiba ir 228 = 13(->20) + 15(->19) + 43(->59) + 32(->55) + 2(->13) + 47(->18) +
29(->26) + 47(->12).

Secinajumi

Tika izpétitas Floida-Varsala algoritma iesp&jas 1sako marSrutu aprékinaSanai grafa.

2. Tika apzinatas iepriek§ minéto teor€tisko nostadnu praktiskas realizacijas iesp&jas —
konkretizéts uzdevums par 1sako marsrutu atrasanu starp Latvijas pilsétam izmantojot
Google Earth kartes.

3. Tika uzrakstita programma C++ valoda grafu teorijas pielietojuma — Floida-Varsala
algoritma praktiskai realizacijai.

4, Tsaka cela aprékinasana Floida-VarSala algoritma priekSrociba ir atrdarbibas laiks,
salidzinot ar Deikstras algoritmu, jo viss tiek aprékinats vienu reizi.

5. Izveidotie testa piem&ri apstiprinaja uzrakstitas programmas precizo darbibu Floida-
VarSala algoritma izpilde.

=

Summary

As starting point in our work we decided it will be making of a visual reprezentation of
the map. Creating this map would make it easier to create the starting table (2. attéls) as well
as cheking if programm works correctly. Initially a table containing all the possible ways was
noted in an Excel spreadsheet. The value where the cities were not connected was replaced by
-1 to simplify the import process. To import the values all the contents of the spreadsheet were
copied over to a text file and then read by the software into a two dimensional array. Also a list
containing all the cities was imported to show the path taken to get to the city specified. Using
the Floyd-Warshall algorithm the shortest path was calculated to all cities in the list. After the
calculation process the user was prompted to enter a starting city as well as a destination city
after which the user was notified of the shortest path taken and the distance length in kilometers.
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