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Abstract

This research primarily aims to design and develop an application for finding optimal matchings in
weighted graphs to address assignment problems, along with developing matching algorithms that cover
five key characteristics to enhance flexibility in selecting appropriate solutions across diverse contexts.
Furthermore, it aims to analyze and verify the structural properties of graphs, specifically regarding bipartite
graph detection and the existence of perfect matchings. The application was developed using the Python
programming language and tested through five simulated case studies involving various assignment
problems. The research instruments consist of the developed application for optimal matching in weighted
graphs and an algorithm validation record. The statistical analysis involves calculating the percentage of
accuracy and comparing the results with known optimal solutions.

The results indicate that the developed application successfully identifies optimal matchings in
weighted graphs across all five characteristics: (1) maximum matching with the highest total weight, (2)
maximum matching with the lowest total weight, (3) matching with the highest total weight, (4) matching
with the lowest total weight, and (5) maximum matching regardless of total weight. By clearly defining the
application's goals and the scope of weighted graph matching, the system facilitates efficient assignment
problem-solving with greater flexibility compared to typical applications. Moreover, the system accurately
verifies bipartite graph properties and the existence of perfect matchings, thereby reducing complexity in
graph analysis and serving as an effective decision-support tool for both academic and business planning

purposes.
Keywords: Matching, Weighted graph, Job assiscnment problem, Application
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1 2
User Ordered Triple/ Arrangement Problem Data
Rows and Columns Get Data Verify Data
— —

Connected Graph

A,
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Matching Result q

Matching Result

User in Figure and Text Display Matchi
atching

~—

Results

Matching Result in Text

D1 | Matching Result in .CSV file
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Problem Data)
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Fupouil 4 manegeusTUY (Testing): ludumeunsnaaeussuuilaiinsmaaounisiauludusiig 4
ilensanaeunugndedluudiazlugalaenslinsdinaaou (Test Case) FaztiaTIad0UAINYNABIINTEUY
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Tunoun 5: N13AANMarUI595E (Deployment and Maintenance): 1f19431N38UUNQARRILIT Ul

Jandusiunuu (Prototype) Felalfinmsudsiunsunisingaaznistizssnwagsdniau

nsfaunszuuidunstaunuussuudasslaeldnwlsunsulimeniidlad advayunsdans
\Aeafunsinl wazdeya 019 Networkx Pandas @933afis Tkinter flarfuayunisaisdiusoyszanugldsm (User
Interface: U Iaganniinenssnszuy (System Architecture) vasszuuiiairstuiifuaniinenssuuvunysdu
(Layered Architecture) fl1asion158anns Feanunsaudoonld 3 u laud fuiaus funssny LLﬁz%u‘ﬁ@;J“a #19
swazBunseluil
1. furiiaue (Presentation Layer): dauslausvanudld fnhitsutoyauasuanwmanngldom
2. Yunssne (Logic Layer) w%‘a%uqﬁﬁ% (Business Layer): drunisUszananalunszuaunisie 4 ves
LHUAMNSELATRYA
3. fudoya (Data Layer): msdmifudeyaidumsimiulnglivinensvennioaiosmnidussuudass
Ingagludnuarvatlnddoyawuunsd (CSV)

>
' o
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Function Hungarian_algorithm (Graph G, Set X, Set ¥, Matching M)
Mat M =M
Loor
IFALL x in X are M-saturated THEN:
STOP: M saturates X
RETURN Mat M
END IF
LET u is an M-saturated vertex in X
S={u} T=4¢
Loor
IF N(S) = T THEN:
STOP: IN(S)] < /S/

RETURN Mat M

END IF

LETyisavertexin N(S)\T

IF y is M-saturated THEN:
LETyzisin M
S=5U{z}
T=TUu{y}
CONTINUE LOOP

ELSE:
Mat M = Mat M A E(P)
M = Mat M
BREAK LOOP

END IF

END LOOP
END LOOP
END FUNCTION

dmsuiidedaluagnanfnmsiauiweunfinduiionisiugnsm [11] lneg1edanisesnwuussuufing1ily

Tugnadu

Nan13IvekazaAUIIuNE
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nsinsEuUiomMnsiuglunsidishviing §3seldimsfnvanafeiiivdeaiieliiiuesdemnug
ﬁugmﬂﬁzﬂaumiﬁwmﬁzwLﬁaiﬁlé'%yumuﬁiﬁﬁmmmmxauLLaxﬁﬂsxﬁw%quqqmﬁqﬁaas}mmi%’wiaiﬂﬁ
Akshitha, 5. wavaae [12] Wihiotuneuitvesdmideudunldiionsdymnisiniumeemtdnau (Traveling
Salesman Problem) Tuvauzdi Wang, Y.uazane [13] Alduinemdnnisvesdinidoundislunsdnassalii

Yueud Wudediu Othman, F. wazane [14] lvihnisduglassadidusiulagldnsimassdsu uag Rong, H. uay
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Aoy [15] ladinsmassdindnandlglunisdugnm@ainslitunewisnisdugnnnanuugnangavensvuy

q

=

gosduduvlvlanasnsiianuwdugunntuioisuduisnsaaiy tnadlalaAnwranudseinuunluein
Usgneuiunseenkuuszuuilennsld msesnwuudsnu [16, 17] Ateindussruseneunddguazsndu ieswin

vya o <

weliiwaunszuvannInueaiiu wazdlavdnmavhandunnaiuvedlusunsildognagnies nitedavinlii
winfanssuandoyafisniu uaznisdsteyaooniionansaa Taenmd 3 wansdedrduduneunisvineukiu
uRun WL Bsanansnedunetumeuldin vdmniidigszuuglifesiinindenussannisindndeya (Idun
mMsuvaLAsuiu (Ordered Triple) v3emsthidnluguuuumsng) nsdfigliidennsindindoyaludnuny
yosanuAssudy ailddunlussuasdossenouludenn 3 A il Fo9ad 1 Je9afl 2 wazArdmdnuendu
Wousewitegadl 1 wazand 2 negn 1 uay 2 awgnimuslidugeuesnsi Tuvediddmiinasdudsiiuansd
anudfyresdudonsinsarisaes uivinluduseuusn flididennisidideyaluguuuue esmsns seuy
wudaligldssysunuunmuasvdnewmasdeyaiifesnts andulsivhnmadaounuasmdn wieuldadaainiin

PADINNTAIUTEUUNUAIRU

Ordered Triple Number of Rows
and Columns
Yes

g Problem
. Data
Connected Graph

Largest Matching
ith Max Total Weig|

Largest Matching
yith Min Total Weigh|

Max Total Weight

[ The largest Matching with ]

Max Total Weight

The Largest Matching with
Min Total Weight

Min Total Weight

[Matching of Max Total Weight]

{Matching of Min TotalWeightJ [ The Biggest Matching ]

I

Matching Result

MW 3 fsnuszuunsdugnamaiaimen

v
[

degliidhdeyansingszuuid tuneutinluAadonilaidunisviinu suuseneulume nsduelvajgn

v ' '
° ' ' '

nfladmidnsiuanniian nsfvgvgaaniiadminmudesiian msdugndanhvdnsiuinniga n1sduein
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uwinTiutesian wagmsduglvgjan anndussuvzgiimiduaiemmnsuanilndunisinuidenludeiu
sold Ingnadnsilaiannnisusyaianalzgnianteanniaminge

sannanluudilutiedu weundieduiienisiuglunsmardminlunuiligniaw lnedmannisves

JunawiSvesdniSeu ami 4 Fudunisuansiegaldnignideniuiouidymnisduginganlaeldiunewis
vosganeu [18] Tuanwided luvaeiami 5 uansiegrdlanfiiamunduienisuidayynisiugndanhmingu

Weeiian Jaannisvirnuvesilandu sort_vertext filgnusvasAlunisdnnisdeyanisdug (dunsuds matching)

1%} {0

Tngdsmuduenlunsim (uus edges) Inaduds choice Aumnazgnldimuanssnylunisuszanana laun

“nmsdugiiiandmilnsiutesiign” wiensddunldlenmsivgifianhwinsudesiign Tunsdifiduus choice 1lu

'
rala 1 v a

nsdugniianhminsudesiige Auminvesduenavgneniivesnly udidniAvegaven 1 uag 2 Winasly

Y
v

AuUs sort_matching uivnA1v84 choice lillinsfugndaniminsiudesfign seuuenIIaaoUIINITTUAL

DA

azgIfdudenigniemiely dnlvedaesiamy suiuulvidenndeiu uimnliadnaanaull
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def Hungarian_algor(G, X, Y, M):
unsaturated_X = [u for u in X if u not in M or M.get(u) not in Y]
if not unsaturated_X:
return False, M
for start_node in unsaturated_X:
S = {start_node}; T = set()
parent = {start_node: None}
queue = deque([start_nodel)
found_path = False
while queue:
U = queue.popleft()
for v in G.get(u, [1):
if v not in T:
if v not in M or M.get(v) not in X:
path = [1; curr = u
while curr is not None:
if parent[curr] is not None:
path.append((parent[curr], curr))
if curr in M and M[curr] is not None:

if curp == u:
path.append((curr, v))
else:
pass

curr = parent.get(parent.get(curr))
path_list = [v]
curr_node = v
while curr_node is not None:
prev = parent.get(curr_node)
if prev is not None:
path_list.append(prev)
curr_node = prev

path_list.reverse()
M_new = M.copy()
for i in range(len(path_list) - 1):
nodel, node2 = path_list[i], path_list[i + 1]
if nodel in M_new and M_new[nodel] == node2:
del M_new[nodel]
if node2 in M_new and M_new[node2] == nodel:
del M_new[node2]
else:
M_new[nodel]
M_new[node2]
return True, M_new

node2
nodel

else:
T.add(v)
z = M[v]
if 'z'not in'S:
S.add(z)
parent[v] = u
parent[z] = v

queue.append(z)
return False, M

Ad 4 1ARTumRUITEIN S
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def sort_vertex(matching, edges):
choice = choice_matching.get()
vertex_data = [(edge[0], edge[1]) for edge in edges]
sort_matching = []
if choice == "msFugiiartiwinnuiaoian” :
for vertex in matching:
if len(vertex) ==
nodel, node2 = vertex[:2]
sort_matching.append((nodel, node2))
else:
sort_matching.append(vertex)
return sort_matching
else:
for vertex in matching:
nodel, node2 = vertex
if (nodel, node2) in vertex_data:
sort_matching.append((nodel,node2))
elif (node2,nodel) in vertex_data:
sort_matching.append((node2,nodel))
else:
sort_matching.append((vertex))
return sort_matching
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AN999 3 NIUNAABUNTZUIUNIT Verify Data
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' N

(1) Mmsduglvgjanindiaimdnsunniiga Wunsfugiiliganisiugiivnalugian lnefidnimin
Twdeunnfigaruiy JsnsfuguuuiivingfulgmidesnismnisiugiilvyNgauaziidneuvsenanilsgeian

1% o

(2) msduglngjaanideiminsandesdian Wunisdugiadieiuguuuud (1) wikansd1emsaiinisdueglu

Y Y

suuuviiFesnslirthminsuedosiian Famneautudgmilidunmsmiuyumiian
(3) mafugiidendmiingamminiign 1unsdugfsaiulinasuvesdmiminfmuadauiniign Tnel
Sudusedliisnmsiugisiuunnlngiian Flmnziudgmiidesnsnansuunmuvieussansamlnesmgan 1wy

Y

msdnassnulinssiuanuadpvessazyana wisnafiunsauiilildsunisdnassaufinig
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(4) n3dugifiaiminudesiian unisdfueiiysannasuvosdimidnlvdedosdian Inglsi
Fududesliionnisivgilngiiga %ﬁmmzﬂuﬂmmﬁLﬁuﬂwsaméfuv,!w'%ammqmﬁdﬁﬁaaﬁqﬂ ude1adiung
3 Y] LY
asrUszneuildlasunsdugini
(5) msduglvajanlaglimiafeanimingy Wumsiugisadulisnmsiugiaunlvafigawiiiduly

19 Togldfasanaiminvesduiou

FeregensidnuneuniindunaznanisivelignuanwazesuielinseasBendeluil

4.1 M3dvgluglgaiidnivingiusinign

deglianuladndszuy deumaniunsmmsiugluns dlifeufonTnsidndeyadsilaesuiely
Tuneunihil dannil 6

' Graph matching program = (m] X
Ordered triple  Table

Please enter the details in the format (Node1,Node2 Weight),
where there is an edge between Node1 and Node2

Example - (A,B.2),(B.C.5)

[Wssdonmsdua

(a)

¢ Graph matching program = a X
Ordered triple  Table

Please enter the number of rows and columns.

Number of rows
Number of columns
Next

(b)

A 6 MsFuteyaldn (a) WedpamISuAuUANASUAY Wag (b) MITUATIIUUAIIIS
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=]

s dunisuAdiluguuuunse ndanniissyuiuuauazndnuds seuuasiin1sasannsenian

whiuinvua aniuglinsenteund Jevian wisuadwiinadlumsniunngiuin duu Jymnisdanidnau
elimnzauiviudilsednantdmesielilimlsunnign duusnildsewinisnsendeyaninisned 6 adlussuy

Tognnd 6 wansnstddeyalusUiuurennsn kaensdenIsnsiuguuuivgvajaniasilAnminguunnige

AN5197 6 AlsnTnauIEaINTaY LA luLAaZIANNLABSAUAN

WNBLAUANULADS NIV
A B C D
1 22 18 30 18
2 18 24 27 22
3 26 20 28 28
4 16 22 27 14
' Graph matching program - a X
Ordered triple  Table
A B Cc D
1 22 18 30 18
2 18 24 27 22
3 26 20 28 28
4 16 22 27 14

N59UA MajARuaslF WA TININATES

Back I Next

awi 7 nsidenilandunisdueingjanuaziiandimingiuniniign

NN 7 Wienadu “Next” 52UUAEyNN1TUTEINARANINTURDUISTINIVUA WALLAAINATNEYBINTT

o

Juafiiondunnd 8 Fauandliiiuin wiino A gndalivseduanives 1 nidnau B gndalivseduanimes 2

winaw C gnanbisegdnantnes 4 uagntdnnu D gninlivsednanives 3 wavllkasiudnimtnunniigade 101

Y Y
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' Graph matching program = ] X

Bipartite graph or not? : Yes
Maximum Matching - {(4, C), (2, B), (3, D), (1, A)}
Perfect matching or not? : Yes
Total Maximum Weight - 101.0

\\ ’\" 0
.\ ¥ /16-
\E\ /////,/

A

=

AR 8 HaMIuglgjanuarilaiminTinannfianvestayanaaeun1snei 6

' 2
=

4.2 msduglugjaniidanivinganiosiign
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gausitientmiinsiutdesiign lnedeyanithuvinnisnaaesee
USEN Anon #89n153ANTNU A, B, C kag D LUusedn 4 a1vn tnefinsinauwsazauiiailgangduiaui

LANANAUIULARLEIYT AaLEAILUANTIN 7

dl 1 7 a = L% 1 1 ) 1
A15197 7 AN519nanaAlgInekuReuvasn TN uLsazaulufazaivite 1 U (vdie: wawuin)

177 Winau
A B C D
1 22 18 30 18
2 18 24 27 22
3 26 20 28 28
4 16 22 27 14

wadnsiileannsyhauresszuuuandlddanmi 9 Fsanmnsoaguladn wiinnu A gadaliusedn
Wtlees 2 winnu B gnialiusednatives 1 nidnew C gninliusednatves 3 wagniinau D gndald
Usgdnamined 4 waedinasmanimidndesiigade 78 tufeusvnesiid it etuioureminnuesiian 78
WauUMm
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' Graph matching program - [ | X
Bipartite graph or not? : Yes
Maximum Matching : {(3, C), (2, A), (4, D), (1. B)}
Perfect matching or not? : Yes
Total Minimum Weight : 78.0

4'?14‘0\0

e D—220 —tt]
N 27,0/ . —i2
\ N\, T, 10T
\ o T c1 /
Y .0 80 40
N S 0—10.,
P .0«
) o —
' 2% B 18.0 44— 1
/7-0'0 . )
3° \ N
o>
2% v

e

A 9 Hansduglngjganarilaiminniudesfigavestayanaaeunisnd 7
4.3 m3sugndRnming I Inige

nsfuglunsmdnuaziaziuinislasmdminuuinian lnglirladauavenisivelunsv lag

Joyaiitnwhnisnaaeaieynsivaidanhminiuanfanlauanallunisei 8

AN5199 8 ANAINITAIUNITVINDIMNS (NEBI) VBINABNITVINEIMNS 1 ASS

L YUAUDIDNMNT
1 2 3 a4 5
A 35 15 24 15 30
B 23 20 - - 30
C 45 10 - 12 22
D - 30 44 - -
E 24 - 14 - 10

Toyalun13e¥ 8 uansanuansavesusaraulun e mnsnaedluszaga v Fuviusaz
AuardlanuaalunsYemswiasUssamuaneeiy Asiumnndeanisinassnuliisasaulseneuemnsnuay
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§ Graph matching program = o X
Bipartite graph or not? : Yes
Matching : {(D, 3). (A, 5), (C. 1). (B, 2)}
Perfect matching or not? : No
Total Maximum Weight : 139.0

wo” N *
E /A — 15,0 —
R A -l
e B0 ® ol S
\" ~
1 =y /723 > . ’
N 5-230="30=——@8
5 o
o 5
v
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° o d
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l Graph matching program = o X

Bipartite graph or not? : Yes
Matching : {(1, D)}
Perfect matching or not? : No.
Total Minimum Weight : 6.0
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