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ABSTRACT

This study aims to develop a mathematical model of Real-Time queue
management based on the equality principle to reduce customers' waiting time and
recommend guidelines for Real-Time queue management. This study dealt with two
cases of customers: the original case (taking a new queue card on the day of
service/case on a first-come, first-served basis) and the new case (according to the
appointment queue card/case in Real-Time on the principle of equality). VBA tools in
Microsoft Excel were used for analysis. After comparing the two cases, it was found
that there will be the least waiting time in the new case of scheduling appointments
according to the queue card or in the case of Real-Time on the parity principle. This
can help reduce the waiting time by as much as 95.3% so that people who come to
receive the service do not have to wait in long queues. It can also reduce congestion
in the area resulting from long queues. In addition, queue management can also be
applied to various tasks, such as managing queues in restaurants, travel scheduling,
scheduling queues for pre-checks, etc. And eventually, it can be used or further

developed as an application to facilitate the speed of operations in the future.
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Timetabling Application areas Objectives Authors and years
Education High school Min number of timetable Kingston (2005)
defects
University exam Min number of timeslots &  Asmuni et al. (2005)
costs
University Course  Min number of total Pongcharoen et al. (2008)
violation index
Production  Job shop Min makespan Naderi et al. (2010)
Flow shop Min makespan, flow time, Yagmahan and Yenisey
idle time (2008)
Open shop Min makespan Kis et al. (2010)

Capital goods

Min mean tardiness

Hicks and Pongcharoen

(2006)

Project

scheduling

Min makespan of the

project

Alvarez-Valdes et al. (2008)




Timetabling

Application areas

Objectives

Authors and years

Employee

Nurse rostering

Min soft constraint

violations

Hadwan et al. (2013)

Doctor rostering

Min soft constraint

violations

Puente et al. (2009)

Crew timetabling

Max avg. number of cover

crews

Gomes et al. (2006)

Production lines

Min soft constraint

violations

Meisels and Schaerf (2003)

Transportation

Train timetabling

Min travelling time of trains

Zhou and Zhong (2007)

Mass Transit

Railway

Min waiting time of

passengers

Wong et al. (2008)

Bus timetabling

Min number of

synchronisations

Ibarra-Rojas and Rios-Solis

(2012)

Airline Max flight-specific revenues  Kemppainen et al. (2007)
timetabling

Parcel Min travelling time of Hamzaoui and Ben-Ayed
distribution parcels (2011)

Sports

Soccer leagues

Min unsatisfied numbers

Bartsch et al. (2006)

Basketball

Min total penalty cost

Wright (2006)

Baseball

Min traveling distances of

teams

Hoshino and Kawarabayashi

(2011)

Table-tennis

Min number of constraint

violations

Schonberger et al. (2004)

Training schedule

Min soft constraint

violations

Urban and Russell (2003)

Traveling

tournament

Min traveling distances of

teams

Ribeiro and Urrutia (2007)
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M3 ITIINUrIndnnusalniwinzaungaaudluiunisdansesaluimingauign
TUTALTUIUAT LAz WYL R NNTRIITUINITIAMITI9TIAD LU
TBNTUWUULLUATY (Exact Methods) U19AF39nL5and1 Complete Methods (Blum
and Roli, 2003) ¥ uisn1siidused@nsanuiniaalunismeainouniawddgym

lnganunsasuuseiula(Guarantee Optimal Solution) 113g@XNSDAUMAINBUNANEANT D

m’liwﬁa‘ﬁﬁjﬂ (Optimal Solution or Timetable) lmunﬂﬂ%ﬁﬁﬂmm (Talbi, 2009) 38n"5
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luna 'ud ¥4 Branch and Cut (Burke et al,, 2012), Branch and Price (Qualizza and



Serafini, 2005), Constraints Logic Programming (Goltz and Matzke, 1998), Integer
Programming (Daskalaki et al., 2004) Jusu ag1alsAmulunguues 35n1suvundunss
dlefeandyiudaniuuu CO wieuuu NP hard wdavanunsaudlimanzdymauiaidn
Wity (Blum and Roli, 2003) zd1isnslunguiiazdedldinanlunsmenouiiafian
Juwuu Exponential Computational Time Ssminearuinasdeddinatlunsuidymiuiy
mm’%amuwLﬁuﬂdwwam%’dﬁiumwﬁﬁ’@Lﬁafjmmﬁmmdmﬁu

A5 n1suuuUszunaiA (Approximate Methods) 9191194 38n15uhuudasannd
(Heuristics) 1§ n1331a0%@01un158d (Simulation) 3§ n15lunauvetud1d5adnd
(Metaheuristics) 1dudu Tnslanizegsdsismslunguuesudngaiaind (Metaheuristics)
gneausuagsunInateudIndudnuuinisdmsunidamisuy NP hard problems lag
ofendnnsuszanaalunsfumdneuiidaanwiaglunaeensuld (Lewis, 2008)
mmamﬁﬂzgmﬁﬁwmimgLLazﬁmm%’u%’auqﬂéfaEJ'NﬁUizﬁm%mwLLawizﬁ‘w%wa (Talbi,
2009) 35n15lunquil 19u 38n13 Cuckoo Search (Xin-She Yang, 2010b), 750135 Bat
Algorithm (Xin-She Yang, 2010), 35015 Firefly Algorithm (Xin-She Yang, 2010a), 35113
Krill Herd (Gandomi & Alavi, 2012), 76 n15 Flower Pollination Algorithm (X.-S. Yang,
2012), 385015 Invasive Weed Optimisation (Mehrabian & Lucas, 2006), 3515 Gravitational
Search (Rashedi, Nezamabadi-pour, & Saryazdi, 2009), 15015 Intelligent Water Drop
(Shah-Hosseini, 2009), 35115 Backtracking Optimisation Search (Civicioglu, 2013), 5M19
League Championship Algorithm (Kashan, 2009) tJu@u

wi11I8nsANE S adndazivenneg unuslazlasuautdeusgtsuinly
et usiSmsfananifitgmuissznstedmalaensseussavsamlunisdumeiney
WU Lﬁaqmﬂﬂisﬁm%ﬂwwiuﬂﬂﬁwwﬁwmawuaﬁ%‘miLmﬁwéa%aaﬂéﬁu%uagUJ FUAIEnes
74 (Talbi, 2009; Y.Yang & Petrovic, 2005) NM3AUMILAZNSIALAATINITMe TN zaL

a a a ¢

Yo aa v =% & a ay a  a v v O Ay =V Y Y
IWﬂ‘UjﬁﬂqiLﬂJﬁnaﬁiamﬂa"ﬂﬂLﬂuaﬂmlﬂ@qﬁlﬁaﬂlﬁENI@ ﬂ\‘iuu‘maqEN']U'J"UEJ‘\NI@FTﬂU"ILLﬁSﬂUﬁ']

YVaa v

ATNYIITLRRT N inunzaun galinuISnasiuagasadnd v ol IS n1saana 19

©

=

fUsvaAnsamgeauninanlunisutaymn (Figlali, Ozkale,Engin, & Figlali, 2009; Naderi et

al., 2010; Pongcharoen, Chainate, & Thapatsuwan, 2007)
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dlesndgminisdannsienag Ineslussidnvasduuuu Combinatorial Optimisation
(CO) (Blum & Roli, 2003; Daskalaki, Birbas, & Housos, 2004) LLazs‘]’ﬂgm‘i’mﬁuﬁcymeU
Non-deterministic Polynomial (NP) hard problem (Rossi-Doria et al.,, 2003; Socha,
Sampels, & Manfrin, 2003) ¥418AIIUN Lﬁﬁ]‘du”lﬂ‘ll@ﬂﬂﬁgﬁmLﬁﬂ%ULﬁSﬂLﬁﬂﬁ@EJLLGiL’Ja’Iﬁ
ﬁaqmﬂumsuﬁﬂmm%Lﬁwfuasmwdaqm (Pongcharoen et al., 2008) Fatiluvaneeuide
Hagtuddlimnuaulaferfuniniisnsuidamaualnguasdudeuiiivszansaimnan
UspyndlisamiulusunsudidaguandsiuiMeyers & Orlin, 2007) Usgneudae Tmsuuy
WUUATY (Exact Methods) Lagadn1suuuuseniuan (Approximate Methods) LU 3519

Traesaniunisal (Simulation) 3n1stunguvesuidisaind(Metaheuristics) Wudu
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99U YULATAINITAUININTIIFOUNIT I 011990955l 19 80 ud e GATYeR
F18U11s wazdgnainiske (1n3e4lng, 2548) WUANNINNVNIBTDIMENALLELNALY
Jaguulddumsiuseset daudslasiednyaradeniamnuanoniafiazlsiunsfuseay
AuAseanu nnuangee ety (Faimess) lnevdnauiasonintudefinnsanain
UNURQIRAWANNUNAINTARENUTLANVBINGNAIULENDNALG 2 Uszuandaiingnany
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anuanenafildianizniglureuindedaidemdadunisane wu ndnanuauenia

lanzdonngiueLazrg udu (Suprawat, 2016)

WUIAAKUUTIABINIAAANENS

WUUTIa0IN AT AAIERT U3 alutnanisamarians (Mathematical Model)
Fuwvuiaesildnemsadamans tnegldaunseSurenginssuainnsadeanuduiug
seinsrnesteyalussuuiidassd unionuduiusseninesdusznounglussuuds
Usenousaganuduwus i iduauin1sidunss 1wy y=arbx n3oauduius sening

asrUsznauluaunsdulds 1wy y1 = yo + ekt Feagulainlumadinauanslidiug
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gnénfagaanmissuuimslugasnamiledy
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1 w478 19U 1A 83 ATM 9711 1 1A3 03 1 agndnldsuuinnsuda9zesnannsyuy
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(Multiple — Channel-Single — Phase System) tdusyuuiiddunoulunisliuinisdunou
LAYILFTLAIADENANULOD WAAILUAINA 4
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lusnisuaneniie (Multiple-Channel-Multiple-Phase System) seUULgnA1ABINIUATT
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®  AIAYUIETNAUVBITEUUNITINAD
1. FIFO (naueannow) 15undneg1931 FCFS anauldasu) — addussidau

First In First Out (FIFO) %138 n15.U1naueannau ae First In First Out (FIFO) Tuiden1s

a v A v ' v A

a a va = = Y v I3 I a [ Y
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=3 [ v Y
Pnmsiulunanuladnme

2. LIFO (Whwidseannaw) LIFO : Last in First out wWisuldfivduamseingauigewt
liivdsgn wnewgmieenuevseinldiou Inemunanvesssuun1sinvaseeniou

3. Priority Queue (Rauvuiiainunuding) tdunisussisarnuninudfey

Y o w

(Priority Queue) Fafinsdntiudoyanudrnuaiugidey (Priority) annunnluties deuaidl

Y kY

ia o a o ° 1a v a £

a1euANUAIAYEIReY NI wazdayanilnudidnsigaeg el Msivuainteya

Y @ q U

Iadianuddgannndt asduegiulssinnvesnuvisednunzyasloya

ngefanuiazndy (Probability)

'
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audsduindudiavseninguddunids Anmualidumgnisal (e

[
=

inasndufiviiu o Afeliflenafimenisaidursiedu widaudasnduvify 1 wans
Tmanisaivanduiatuldegauiueu Tnsnguienuinasduivarsuunfandeilésy
arudsnuinluanvdygiUseivg uaziasugaians Ao vgedanuuiazsiiuwuuiud
Tunguieunasdu adf nseusiu uay JgaUssivg visadsaenumin wuuiud
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Taseairedaya (Data Structure)

lasaasnadoyansonnunzlanzveagatayanltluseuuaauinnes Hnann1sun
yiadayarieg wswivaunaedulasaine 8987 (Queue) foluyadayaviianianises

v 1Y

oy wardnaidunisiiuteyasuuidineunaziieandeu Snisend1lwiv (FIFO = First in

o v ~

First out) enauesidayarinludazunisesering mnSenldiideyainediuineuessnty
o dnludeyaildiunneu szegingn uazniouazeenisangn lng Queue \Uu Linear
Data Structure fiA1uAdneiu Stack ¥1 Queue DYUUNUFIUVBIMENNITUUY First In First
Out (FIFO) WununeanuItazlsinluneu Aazeannau Wiy N1531898U N158awa1 1Y

a & v a a a wa ~ a Yo a Y a v | I & a v A
Usn1g Wusu Tummimmimiﬂg‘ummiL‘Ui&JUmaulmnuaumwmmnaumzLﬂuaumm
gnineanluldneu ielinisiaudmivauuinseadudviladiedu uazaiuisoan

Yadusmdenanmainnisiiuilunaiunuladnime (@udnd, 2550)

& o v ~ A 2 v = )

97158 (Array) WUUIZANVOYATULUUMNNEINNI TN UTDIAUTELANLASINULUY
& o w ) % & T ) o A o A a | ) & P = i
Juadula lnedeyatuazegluimiudsdufeduiitenin dudsonsd wWisuaiiouins
a%ﬁaﬁaﬁumﬁaaﬁuﬁmﬁusﬂ’aaﬂa@mqiuﬂ%mmmn lngtayaurazii189815458 138N
dauwA (Element) uazdoyaudazBamunaziivingiauiialdlunismaiudiumis Ao ausvil
(Index) yilrneazidusulsntemilounu wifazianaenuasILILaIRsEnnIAuly 399
Iﬁﬁ’sLL‘UimLiéﬁuﬁﬂiﬁiﬂﬂj‘lj@EJ"Ntl,ﬂﬂI‘lmiiﬁﬁ(;f’eNLﬁU“i’JjaiﬂaU%mm«lM’mLWi’]zﬁ’]@J’]iﬂLﬁUﬁaz
lAraneIuIu mﬂﬁ'udwwiamsﬁ']aaﬂlﬂiﬁ’j’mumswLwiawﬁayjaﬁﬂ%Lflwi’faagjaﬁmﬁauﬁu
walfae index Miuliegiauansiudliiliinnisduauvesdeya

I £ a o 1 [y [} o I3 ¥ Y a [

aunn (Stack) LOuYAvestayaisemaiu wazdna1dunsiiutayawuuLl1fings
waziheenneu fnendalaln (LIFO = Last in First out) 81auesitayardnlydazuiesie
agauuy Mnenldiidiuuugeeenneu duudeyaidaunuuiian awedasgn uasaz
agluauwanuiuian (YSuns, 2565)

A1 (Queue) ugnvasdayaiiisesderiu wagdnadiunsiiuteyauuudinounay

a 1

weenieu dnisendnlwlvl (FIFO = First in First out) 81auesiteyaidnivsiazuisessering

1% PN

winisentdnindeyainedunnesuseniuldneu Auiudeyaiiiiuineu wwegningn way
Wioudzaeantsaan 1ne Queue 1 u Linear Data Structure imiuAa 18A U Stack
F9 Queue BYUUNUFIVVIMENNITUUY First In First Out (FIFO) Wumnsnemuiteglsfivin

lUnau Adzeannau WU N153181EU NI1sHaLaTUSNS Wudu
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1. nsaliy RuUnsA?tudluduldusnis)

fimsdudnsmindluiulduing legliaulamainnaiaing dsimunalvigin
189UAINBUL LLINITUUSNNSNBU LAERANITINAINITINUANLIYLALNNTIASIZNLIAITOA?

AILEAILUAITIE 3

AN 3 LEAINITIARINNT U ANUNERAZNITIATIZILIANTDAINTAAY (Aa81eusazsau)

o . WeuwEna . v - PRRFLGREREN

anunun . e LAUAKIIY  LIAITIBUAT  LIALIEN N

(Hgnun) (W)
1 BBBB 9:10 W. 8:33 U. 9:00 u. 27
2 FFFF 9:50 u. 8:33 U. 9:10 u. 37
3 MMMM 11:00 u. 8:39 U. 9:20 . a1
4 0000 11:20 w. 8:44 U. 9:30 u. 46
5 PPPP 11:30 u. 8:47 U. 9:40 U. 53
6 CCcC 9:20 u. 8:56 . 9:50 u. 54
7 KKKK 10:40 u. 9:12 u. 10:00 wu. 48
8 DDDD 9:30 u. 9:16 u. 10:10 w. 54
9 LLLL 10:50 u. 9:17 u. 10:20 u. 63
10 RRRR 11:50 u. 9:22 u. 10:30 . 68
11 GGGG 10:00 u. 9:30 U. 10:40 u. 70
12 1l 10:20 . 9:30 u. 10:50 . 80
13 AAAA 9:00 u. 9:58 U. 11:00 u. 62
14 JJu 10:30 . 10:02 . 11:10 w. 68
15 EEEE 9:40 U. 10:10 u. 11:20 u. 70
16 HHHH 10:10 w. 10:17 w. 11:30 w. 73
17 QQQQ 11:40 u. 10:21 u. 11:40 . 79
18 NNNN 11:10 w. 10:27 w. 11:50 w. 83

SUM 1,076
AVE. 60
Max 83

Min 27
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2. nsaltn (MUUNSAUR)

Lifinssudnsmivdluiultusnig Ineazdnallnedanainudnsmidn Ferulo
ALAENITLS INAIULUUINABINITIAAIANTINUANUY LAYNANISIAAINIS U ANUIE LAY

ASAATIZIMNIATDAD AawanslumisIe 4

A9 4 WEAINISTANAINIT U ANUIELAZNITIATIZENANTOAINTA N (AIBE19AaZIaU)

< - 1IA59ARY
s e 4. UB-UENA 987 981 - 1IAN99ARERN .
A1aunun (Ggniin) Sovay e I8N - uummzmum
(W)

1 BBBB 9:10 u. 8:33 u. 9:00 . 27 0
2 cccc 9:20 w. 8:56 U. 9:10 u. 14 0
3 DDDD 9:30 u. 9:16 u. 9:20 u. 4 0
4 FFFF 9:50 . 8:33 U. 9:30 U. 57 0
5 GGGG 10:00 . 9:30 . 9:40 . 10 0
6 I[[ 10:20 U. 9:30 U. 9:50 U. 20 0
7 AAAA 9:00 u. 9:58 1. 10:00 . 2 2
8 EEEE 9:40 w. 10:10 4. 10:10 . 0 0
9 HHHH 10:10 . 10:17 . 10:20 . 3 3
10 JJJJ 10:30 . 10:02 u. 10:30 . 28 0
11 KKKK 10:40 . 9:12 u. 10:40 w. 88 0
12 LLLL 10:50 . 9:17 . 10:50 u. 93 0
13 MMMM 11:00 W. 8:39 U. 11:00 u. 141 0
14 NNNN 11104 102274 11:10 W 43 0
15 0000 11:20 u. 8:44 1. 11:20 w. 156 0
16 PPPP 11:30 W. 8:47 u. 11:30 w. 163 0
17 QQQQ 11:404. 1021w, 11:40 w. 79 0
18 RRRR 11:50 u. 9:22 u. 11:50 w. 148 0

SUM 1,076 5

AVE. 63 3

Max 163 3

Min 0 0
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