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QUEUING MODULE FOR PSYCHIATRIC HOSPITALS. THESIS ADVISOR :

ASST. PROF. THARA ANGSKUN, PH.D., 177 PP.

ADAPTIVE QUEUING MODULE/PSYCHIATRIC HOSPITAL/FUZZY SYSTEM

/QUEUING THEORY

This research is based on our previous research called, “Reducing the Time of
Service for Psychiatric Hospitals using Simulation Technique”, which aims to
develop a software for simulating the service time for psychiatric hospitals using
queuing theory and computer simulation for analyzing the service delay and find out
approaches for improving the service time. Unfortunately, the previous research has
many restrictions and the human-served queuing system is complicated.

This research aims to design an adaptive queuing module for psychiatric
hospital. It focuses on the design of algorithm for the human-served gueuing model.
The expected simulation accuracy is not less than 80 per cent which is measured by
service rate of doctors. The patients in this research are divided into three cases called
general cases, urgent cases, and emergency cases. The fuzzy inference system using
Takagi-Sugeno-Kang (TSK) model is employed as a service rate approximation
method in this research.

The simulation results indicated that the service rate of doctors is achieved
in more than 80% in every patient cases. There are 80.63%, 80.45% and 80.42%

of accuracy for the general cases, urgent cases, and emergency cases respectively.




The usability evaluation of an adaptive queuing module for psychiatric hospital

revealed that the overall evaluation is in the good level (x = 4.13, 5.D.= 0.54).
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(n) Single-server case (s=1)
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N\
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“It is the science and engineering of making intelligent machines, especially intelligent
computer programs. It is related to the similar task of using computers to understand human

intelligence, but Al does not have to confine itself to methods that are biologically observable.”
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- MSUZVBUATDI (Machine Learning)
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- msiszananamuEsIusIA (Natural Language Processing)
a A o q ¥ A P P ~
mslszuananIsssuena Ae msvhldiasosneuiuaeiinnudmnson
' ) = q ¥q A o w = ay Y=
wounaziin lan e iuyedlFudialses1iu ssupfaunsodszuiananuisssuna lan
Uszanimiisanovzsi litidiudadenudlenlenusssuana vazminnug 1d laoasa
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QMUY ANEIRLINUMIHUYEYBE INe@euLIUNMTTINNEFITAUEIEIN
Y] 9 A A v A 1 9 gJ; Y Aa Yo a ] J
Fugou wieliaden luaunsaaruguld navesdIduims g5usns nazanuganinae

4

M3iaassmMsldnine1nsniiog (Runtong Zhang, 2005) Iae lsuniaavesszvuyalszang
g‘/ dy a & A o Y = Aa A [} 1 g’/ YR
natnfanilangmhunlslumsanudymntianuagunsonas luuiueu saunaldmnun
! 1 o 4 X g s
Yyminiinnugeendudon fie assnAaainguinio (Fuzzy Logic) Fullumansauns
o d‘ 9 = dﬂg av Y a 4 9 o 79 Y 1
anuidniunuminniulumsiteduaeniamesuaz lagnih liszgnaldluauai
oY ¢ Y a g 2 ¥ & 29 9 ' ~
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anuensolumsdsunldsumuanmadoniilasn i nsaagulavuumagnaiauin
Y
Juuazemnsoungym Ideaadilsz@nsam (wgs Jdv, 2556)
a d' U = .
221 1RANEINUIZUUHYY (Fuzzy Logic)
4 A A A a R <’ Y °
AIINANANTARUIATONTONTTABIN (Fuzzy Logic) iJusmaaiaumamiuim
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~ a g A & I A A 2 1 3 a 19 1
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' = 2 A < =< 2 A v A g o ' o =2 g
Turae1 de12 Y nFeermiu2 de10 I Funaribiludrednvesnim limiveu Fuily
v Aad a da! @ oA 1 ] dyd 1 =
anvaznsssumnannasuni ) waveurgmsein luniueuiizen Wadima (Fuzzy Set)

a d' (% ] 1 Yy~ a tﬂ' )
vinuIAaveIr AN ernuany luuiueu lainmsversuuinameitl

o 1 v Aaw A =Y [ a a o
Uszgnaldludiuais 9 vinue 1aniniseldaadungujasunuuuiaamuansildiesd
1 a 4 o o @ 4 1

Taatauluremsaeuiuaes uaziinisiilddszgnd lgnuase s Wi enuinuie 1y
1n309U5u0IMe 1T 0eF N il et nazdu q Felugatapiulszmaanigomsnld

o w [ 14 4 3 ' [ a o g o
Idnnudagnumaasduniu Tae'lainsnuendszsanaldnunisitoniniiu uazi

o

UszgndlFluaiuaie 1y lulasainiseanisguia (NASA) uaz Iasan1saIunIsnmis
(We U, 2555)
o 1 A o @ I A a @ %’
aredngluuungisadimiumsniuaunalila e lussuuaiuauseavin
Rulel: If (level is okay) then (valve is no_change) (1)
Rule2: If (level is low) then (valve is open_fast) (1)
Rule3: If (level is high) then (valve is close_fast) (1)

Ruled: If (level is good) and (rate is negative), then (valve is close_slow) (1)

Rule5: If (level is good) and (rate is positive), then (valve is open_slow) (1)

mmmmuﬁmm@mﬂ \1 517 2.13
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222 Wugrmnfanuuisd
~ . I A A A v a £

ATTNZUUUNE (Fuzzy Logic) Wunsosvensielumsdadulamelaniu
[l [l 9 Yy A ] Y 9 o A F) = axa A
lumiveuvesdoya Tavsonlnlinnubanguld ldnanmguanadremsidenunuisaan

] 9 o = A A o A A 1 a < . Id
FUFOUVOINYHT WrFaoINUaNY UL NNIABAIIATINSUUVITUND (Boolean Logic) 111
HUIAANINIAoUY IUdINYDINNITY (Partial True) 1ABAIAINITINZ0Y 1UAINTEHIN

134 (Completely True) FUIRUNITY 3317 2.14

() (V)

Completely True Completely True

Partial True
Completely False

Completely False

ﬂﬁ 2.14 (0) @iiﬂ“tlﬂﬂ%ﬁﬂmﬂ (Boolean Logic) ttag (V) 9530 LW (Fuzzy Logic)

< = . Al a 1w A o . &2
anuuileyds (Fuzziness) H¥0L38NI AN 1UY (Multivalence) FINAININY

4

| a ' ' 1 o 3 Aa <3| a '
Auaundnuinna 2 a1 wazuanaiany luaaiud (Bivalence) nuMANUuAN TN 2 A1

I 4 a o 4 ] 1 H 1 [
Wadise (Fuzzy Set) lunTealionensincnansnaenaninu luuiueu (Uncertainty) 911319
= s g = = Y o o . . . !
Wiee 2 nsdinniv Taenguuesdadisaz ldanyauzanunuieanls (Linguistic) 110071

Usuuauils (Quantitative)
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(Certainty) vidpAoaN It ueu B1lsznoudrenny il veunlidnyuzuuugy uazanu

1 ] AN o I =\ A A 2 A 19 U
"lmmuauwn ﬂymzu,ﬂuﬁmm HIDANNAQUIATY FINNUINNITBYAL 40 LWiWﬂﬂJWTd’JuN1ﬂ

= Y [ v Aa P v A dy a ) o [V ~
LﬂEJ'JGUfNﬂllﬂ1§@]@ﬁuEl,ﬂellﬂ\illll'l{lelEJ‘VIFﬂgﬁﬂﬁu1ﬂﬁ1ﬂwuﬁ1uﬂ31ﬂﬂﬂmaﬁﬁulﬂuwaﬂ @NETJ‘VI 2.15

Random

Uncertainty

Fuzzy, Imprecise,

51 2.15 v limiveu
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a a oA 1 1 {
WaGrzaiwiinndlamaainuaasnnuaguaio a1 hiniveuyesszuun
A Y o a Y2 ¢ A a U 1 1 [} A o
MerteenuaNuAanNUidnvesnyd eiasandIua q luanu liuiuewieiua
4 v A L. . [ I a .
goulvlumsaadula (Decision Making) Tasedaa 1L uanIBn (Set Membership)
223  Wasdisn (Fuzzy Set)
) .
W@ (Fuzzy Set) JusailvouuatuaquInas HazIznsauAqy
= v . A a o . = F-
NYEYIFAUUVURVY (Classical Set) 1IDI¥ANIUY (Crisp Set) TasWxayason IvuaInIN
I a 1 1 I a ] (= Y]
WuamnFnvousaszyang o uay 1 lulanudennudussusa lilelimwiziaununiiy
7 J = a9 & = ] A v A o IS
w1y uaveisanuuiaddie Fevzlivevwanuy lundsundasmuinula anvruilu

v A 1 a o =

1 1 a o o d {
MMUN LB uﬂmmﬂlﬁ’ﬂwqﬂmqimwmuﬂ (Crisp Set) 0199z mMvualuauniony

K

o

(43

1 = = a = o < A A PRI
Adua 60 0490 U Tasmntemuuuladorsmruauaunieorglszuia 70 U Fuiuns
=1

Tdtomnnaaiannuluutivou asga 2.16

(M (V)

.
>
»=

»
» »
0 60 %0 oy (i) 0 60 %0 og

51l 2.16 m3fvuasAuiua®n (n) anide (Crisp Set) 1ty (V) A (Fuzzy Set)

° < [ = [
aﬂ1ﬂmﬂﬁﬁm%!mﬂ ﬂ'ltﬂuﬂclﬁlx LﬂuLGW]lliJ’JN ﬁcﬁcﬁlcﬁ@ A VNTOUTANANHUSIRNIY

Tdnniensuanudluandn
Ha(x): X — [0,1] (2-64)

A = < ' I a o =
0, (x) dnsadanuiuat vesanuuaunFnninuesalsznon x Tulas

) o 1 = I a o w
1w A d1visuuaag x € X Was A ansovewiusavesgunsnaiay (Tuples)

A ={(x,ua(4))|xeX} (2-65)
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o A anedala@ian A x vuededu1Fnuoausa (Set Membership) i, (X) Hu1eDa
J o I a . . ¥
WanFuvesanuua1u1%n (Membership Function) i, (x) DNATINUAY A(X) x M09

[ v J
IONANTUNNT (Universe of Discourse) 391529103

A

X = {x, % 0, %) Hwgadine waz A Huiladlu x  Faduduligans

a o v v W 4 . I
pAdAIA (Discrete) 1Az 311 laolidydanual (Notation) voaladian A o' Iaiilu

Y, {mm Sl uA(xn)} AIACD (2-66)
X1 X2 Xn Xi

i=1

4 o i . 1 I a
e M,l =1,2,..,n nuedaaanuduaudn wa(x) Twima A uag

Xi

IATOININYUIN “+” ?TJJWEJﬂTiQ!ﬁEJu (Union)

0.5 |- alo .
0.8 <17 .

N | ¢

H d v I Aa = a ~
gﬂﬁ 2.17 WanFuanuiluaunsnlssuuusuuaanIe (Discrete) VoIwa A

v v I 1 4 v o G4 I
fuenandunng X Wuaeiiiod (Continuous) Faydnvaivesiadian A weoulailu

. pa(x) (2-67)
1= {7
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05
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Y Jd < a ' 4
31N 2.18 ManFuanutluauFnileduuuuyuaeiiiod (Continuous) YoALHH A

=) = Y Y o w gﬂ a Y = YA A
nouPiadamnsountydeninavousaunuauan1d Tasdadeonlitnnso
a A I a . = Y 1w 1 A A
AnanNUIUEIITn (Degree of Membership) FILHAIAIIAIAAAVTLHIN 0 1AL 1 HI0VU
I [ ] 4 =< [~{ a = I a [
Audwanual [0,1] Tao 0 nueds ludluamdnluwa 1 vueds dugunFnluwesa wazan
' o I a ' o 1 A o qya A A
55119019 0 AU 1 Wuausnurediuluwsa misviuesui ildnaanusiuGeulumsuasuan
¥ { 1 a 1 < o a Y
wunuenwe llogluavesauBnans q Taelleanauaudn (Membership Function) Wandu
Y] [ I 1 I a
iy (Mapping Function) T0aluTamula o Tridlumanuiuaunndnluilesdiya
I a ) o = A o o I a I Y] d A 1
ANUY U NI UN Ty VI UIUTEAUAN Y Uansmdueiua Ao
] 9y v
Aot lur9ATLA 0 09 1 FIAT0UARNMIMIRUATINTILUUNLY HAZIFAUDURTUNS o1TA

UUUNINY (Crisp Set) ILAMHUAAUAIAUNT 2-68

1, xeA
:uA(x) T {O xzA (2_68)

A = a = ) < N
1D X ﬁiﬂflﬂ\iﬁﬂﬂslfﬂslu!,“]m (Set Member) MA(X) T‘i‘JJWJﬂ\‘lWQﬂGISUﬂ'J']‘JJL‘]JUﬁ‘JJ']GBﬂ

(Membership Function) tiaz A ¥inenafladesn A

224 mMsumMIMInsFsa
v
ﬂ'lﬁﬁ'll,uuﬂ'li"U@\Tﬁ‘ﬂf%lﬁ]ﬂﬁﬁﬂﬂ!ﬁﬂﬂﬁﬂ]ﬂﬂllﬂﬂﬂﬁl@ﬂ flﬂ'lﬁﬁ'llul.lﬂ'li
a 4 % = 4
(Operation) Ao ggﬁﬂu (Union) 21910365 (Intersection) LA ADUNWANUS (Complement)

22.4.1 giilo (Union) voulesias 1111 OR operation 1 aeumsh 269 tazg1ii 2.19

Haup(x) = pa(x) U pug(x) (2-69)
max (g4 (%), pp(x))
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317 2.19 gi¥iou (Union) voalamisa A uag B

u

a 4 @ = <
2.2.42 DUINOII¥NTU (Intersection) VYOI T1ya v211/U AND Operation LEAY

AaNMIN 2-70 1Az 31l 2.20

Kang(X) = pa(x) N pg(x) (2-70)
= min(uy (x), up(x))

ﬂﬁ 2.20 DUIADSIFAFU (Intersection) voanFsa A az B

2.2.4.3 ADNNAWUA (Complement) YBIWEH s uaAIAIaduAITA 2-71 LAz

pa(x) =1 —puu(x) (2-71)
J7i

ﬂﬁ 2.21 ADNWALUA (Complement) VoI wIa A
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[

wa A =
AMANDANUG 1 HVDIBAN B Y

Q a9

S L7 v A Y 1
mﬁmcﬁu@mﬁnmmmcﬁmmummn IJ1?51Ll,'f‘l

Commutative AUB=BUA (2-72)

ANB=BnNA (2-73)
Associativity Au(BUC)=(uUB)UC (2-74)
Distributivity Au(BNC)=(AUB)N(AUC) (2-76)

AN(BUC)=(ANB)U(ANC) 2-77)
Idemptency A U A = A Lae A n A = A (2‘78)
Identity AUODO=AuazANX=A4 (2-79)

AUO0=0wzdANX =X (2-80)
Transitivity MAC B,BcC wdrA € C (2-81)
Involution AcA (2-82)

d v
225  Wanvuanuiuansn
S W 3 a < o A °
Wanduaw i uaau¥n (Membership  Function) 1 uWensuninisiviva

@ < a @ Ay 9 2 Ao o A '
53@Uﬂ'J’lllLﬂu’ﬁﬂ1%ﬂﬂlﬂﬁ@3l!ﬂiﬂﬁ@ﬂﬂ1iiﬂﬂ1u I@ﬂliﬂﬂ1ﬂﬂ1ill‘ﬂu‘ﬂﬂ“]JG]'JLWIUVIlIﬂ'J'llIUhJ

Y 1
v @ U [

Fanu lumiuou uazaguinie avuudIuNdnyaeguaulanIon1IA NI UNIT YOI
1 ¢ v I a A o W 1 a FY
ms1zglsnvestanduanuilugudniinnudidyaenszurunmsaauazud lvilyur Tae
Jd o I a Il Y @ <
Wanduanuilumnsnag liauunasiunseaunasnuynilsznmsn 1@
a J v < a Aq o < d a =X = 2
siiavosanguaNuithuausni ldauns l)ivareatia salunsdnyitioe
1 =} a d' o % AN o U dy
AATINEY 6 ¥UANTIATY (Wee U, 2555) ATl
Jd o ! . . . a 14
2.2.5.1 WenFueuviaou (Triangular Membership Function) 13 WM5inos

Ao {ab,c} awaasluansi 2-83 wazgili 2.22
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0, x<a
. (x—a)/(b—a), a<x<b
triangular(x:a, b, c) = (c— x)é(c ~b) h<x <c (2-83)
0, xX>c

a=(0 b=3 c=10

51 2.22 @redrensmlilanFuannnaon (Triangular Membership Function)

o uale a=0, b=5 1ag c=10

2252 ﬂaﬁsﬁ’u?’fmﬁﬂumwg (Trapezoidal Membership Function) 14

Wadiaes Ao {ab.c.d} awanaluaunish 2-84 nazgalii 2.23

0, x<a
(x—a)/(b—a), a<x<b
trapezoidal(x:a,b,c,d) = 1, b<x<c (2-84)
(d—-x)/(d—c), c<x <d
\ 0, x=d
y7i
1_
a=0 =10

51 2.23 @redranswllanFummnaonntany (Trapezoidal Membership Function)

'
A o

ommuali a=0, b=2, c=8 taz d=10
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Jd o Jd . . . = a =
2.2.53 WINHWUMIHEU (Gaussian Membership Function) § 2 W13106107 AD
= =2 1 A = 1 A o ~
{O', m} HI o HUIDITIULUVIUVUNINTIIU LUAE M HUWIIAURAY ﬂ\illﬁﬂ\ﬂuﬁuﬂ'ﬁ‘ﬂ 2-85

wazgin 2.24

. _ (x —m)? 585
guassian(x:m,a) = exp po (2-85)
u
0 - l
/ \ ‘

51l 2.24 dredrenswlilasFumdiFou (Gaussian Membership Function)

defualym = 5uaz o = 1

Jd v o ° . . a J
22.54 WanFus2alaad (Bell-shaped Membership Function) 3 3 W1511191073 Ao
I <) ) 1 J v o {
{a, b, c} Tas c1iluganan a wag b Wummvuaglsnvesilangu daaasluaunisi 2-86

uazgin 2.25

bell — shaped(x:a,b,c) = 12D (2-86)

0.5

51/ 2.25 egensililanduse 27371 (Bell-shaped Membership Function)

dommuale a=2, b=4 1ag c=5
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2.2.5.5 ﬁqﬁ%’uﬁma (Smooth Membership Function) 12 Winiees Ao

{a, b} dwaaluaunisn 2-87 nazgin 2.26

( 0, x<a
X — a2 a+b
(b — a) o EsXsT (2-87)
S(x:a)b)=<1 2(x—b>2 a+b< < b
b—al 2 oS
\ 1, x =b
7]
1 T T /I_./T T
0.9]- _
0.8 |- /
0.7}
0.6 |— _
0.5 _
0.4]- _
0.3} _
0.2|- .
0.1]— _
0 L L x

4’ @ 1 Jd o @ ° . .
31 2.26 @r0819nIMTIATUIZ9T9A T (Smooth Membership Function)

wemrualy a=2 1ag b=8

2.2.5.6 WIRTUAILYA (Z-Membership Function) 31 2 W1313ime3 Ao {a, b} A4

weraslueaunisi 2-88 uaz3ilin 2.27

Z(x:a,b) =+

<
2 (2-88)
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H @ ] d v C% 27 . .
1 2.27 dredrana e usZalandN (Z-Membership Function)

wamruald a=2 ey b=8

22,6  dnswammn
= 7q Y a U @ 1 S [
wauuuisdasolszgnalylunisesuiesarvesdnalsisu@einure
g‘/ a 1 1 1 [} a (Y] o 1 1 1 [~ ) H
puuauay U Usz Toa “gihomnmnsuuimasner” a1 <gihen Judnlduaaslsznn
' 1 3 ' { @ a @ I [ = I
wosdiheindudiheimeniuuinauda lunegiisawnsadeu Ididu fursousmaiu
9 ] A . . o ¥ < (g a . ..
#1)28171 150 PatientCase is Follow-Up @111)5 PatientCase 11 ua2111) 51390147 (Linguistic
. 2 & A Ao o A o A ' ° [ A A
Variable) B unuiaandidyuinluassazuyuilsd aqulsimanusrenivuaniveadan
a 4 = J v
vrosueluginmuninaeldnaiinim (Linguistic Term) taz lugiisum Tagldwandunam
< a : = L4 o [ a
iWuauFn (Membership Function) Fauaauuumaiesd wainwlddrusumsuaauuiia
4 ¥ & ¢ 1 v & a o @ o o
HaZeIANNNT luMIFoasvoINyye drulantunsduamsniylse Tesi lunsdanisnu

9 Y A

o I a o
doyarindnniludoyaiziiuay

@ J

@ a I o . @ o
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Highly comprehensible membership functions
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