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Healthcare Resource Allocation Simulation Optimization

Student: Bing-Chuin Chen Advisor: Prof. Shao-Jen Weng

Department of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Overcrowding has becoming the problem of Emergency Department (ED) in Taiwan
hospital gradually. According to the data studied, high flow in ED will come out with a lower
quality service. The simplest way to solve this problem is increase the amount of emergency
resources, but the amount becoming a limitation factor as the demand is growing rapidly.
Thus, in this study, we simulate a model according to the situation in ED by System
Simulation Technique, and use it to analyze the waiting time and system time of different
grade patients. Then apply NEDOCS as indicator to determine the ED flow, find out a best
way to allocate human resources via Tabu Search, provide a reference of human resources
allocation to ED management.Different allocation of human resources will cause different
NEDOCS under same amount of human resource. When use the result of resource allocation
optimization ,the average degree of emergency can reduce the congestion of 8%.If demand
for doctor and nurse in Ed increase by one, we suggest transfer the doctor in main ED to ED
and nurse to waiting area. Criteria: main ED has sufficient human resourse. The result above
can reduce 9.11% of crowdedness in ED.

Keywords: System Simulation, Tabu Search, Emergency Department, Resources
Allocation
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# 3.1 NEDOCS 3 1& % /s

% % ¥ F] IR AL
Level 1 0=NEDOCS<20 7 1+ (not busy)
Level 2 20=NEDOCS <60 = (busy)
Level3 | 60=NEDOCS < 100 &> e & 3| 2 % (extremely busy but not
overcrowded)
Level 4 | 100=NEDOCS <140 % % (overcrowded)
Level 5 | 140=NEDOCS <180 B & % % (severely overcrowded)
Level 6 NEDOCS =180 /& *& % % (dangerously overcrowded)

7ok kIR Steven J. Weiss, 2004

iR AR ko F NEDOCS A #=100 & & ¥ £ 2 3 Aot 5 ik
i A HAX B A% % 5 M NEDOCS 4 #<100 * 2 F 42 A2k ik ik o
1 5

L AR AR Feg o AT -k NEDOCS gk kg (762 4 4 Fihfe d
lﬁ,«; 7 g_r ¥+ o

SIS %G/\F’ g‘ FOETE N t e i 7]@ o JLiE B /2‘}% eI &)
liff’\ﬁ’i.sf_b Beid itz BT H L i0FHEE S . Glover 4 » % 3t Rz ke
BARLIF 3L w2 ¥ > Tabu £ 7 # 0 éhR L > #712 Tabu Search i 2 # &

?"’r‘\.»
HE ko

B G H0F 2 i B BB 3.4 A P T

PR

1. EP— A2dofd X T A PLRLZ P B EEXY P EE GKX) %k 2K
k=0 -

2. FMRiTiEREE NX)? chbdfa x> 53 2747 5 RE %—wim
TR T EH ARG RAET G AF LAY ERHTIR
AR Pk nd EARITRR o 2 N4 Lo

3. M XE T - NP B Xy 0 B JERR R R & (245 (G(X)
<G(X*)) > Bzt fi2 5 BRTE iF fR(X'=XF) o

4, FRHbiERS o i E o F R w P step2 o
31



RERLFH

.

HETHESLER

!

— 4 4 A B 3 AR
|
EATHEB

.

EHMESLE

R13.4 # 2 40% 2 A2 R

32



Yri FIREFEEEAI%R
41 P kA 503ELH
AFETHAET P FoxFrE&LF2010810 337 2 &L
2 K L4779 A= o g Mt et i AvE p TR kA ke Bl 4.1

Sl

7m B A B
1200

1000 —

/ \-—_\
800 T —

600

400

200

Sun. Mon. Tues. Wed. Thur. Fri. Sat. 2 #p

®4.1 & p T3l k4 BARS
d HAlv vk %waiﬁw—¢aﬁﬁ+ﬁ@& **%%’ﬂ
PEH-EL R A kS dhp Te1128 4 ;AR T IT]Eg
BABACB 42577 > 5 8BS T ALEEEIIFE L £ B LD
PR > 2 ST 48T F R 12 8] RIIPFEE o

\-‘-H

3

Vel X F 3
KRR B INEEE
500 . -
450 ‘
400 ‘ \
350 | / \ A\ l
300 ?l ‘\\ P
250 / \\;J/' A\

200
150 \‘ — / |
100 \ ,/ ‘

|
50 . {
|

01234567 8 91011121314151617181920212223 Eff%

F4.2 5 | pF T 5T B 4 Bl d

33



42 A2 2L %047
AT RSB RREL BB FREL RS FEHLE R
B FIHE o A 8 5 ik ® & (Clinical Room: CR)% 4 ~ 1 & £ % % % (Main
Emergency Department » MED)3® &~ ~ &% % % #* (Resuscitation Room » RR)3R
>~ §BLF 3 (Observation Unit » OU)3® A4 » @ &L Fimpe B384 R~ 5 8
AAR CERAR KAWL RIF
421 &L in AR
EAETRERE BRFREL AL L T A B
1. &4 % #(CR):
FRErEL 0 % - BRPFZCRE CR®FE 31 H G F
FHEHF I HAFRD T RS A FE D E R H R O R
W RHETH TR E R LR AR LY B R Fﬁl‘m”—"r 3T
JRFLA RFLZ BRERELIR - LRGEEZAR YR REIFTRAGR
el E A K BB AV O FRGEHARG T - BRI R
ErERFFEAER O FRGERLRGESLZ S 22 v 2~ T &P
LEPRI R IR AL HE cSATEREF > 2415 E8RHE
WETT ) RIS X RFIP|E 2R F A A PRZ@% o pe 1311 &
48~ 9.27 » 4810 % 1145 /45 o
241 JHETIE A pe

< RIT 5 ¥ | R FL
I A e EXP(13.11) EXP(9.27) EXP(11.45)

- B L R RSP RG] £ 02 A T
205 445 dt BT 4402 &4 W G 15T Mop & R ITRCE

BAL- 337 S5 L 280 olded 42 57 o

34



% 4.2 Lf;& Ll gt %

L EEN I
- B 11%
- Bk 59%
= B B 27 %
A &»)]ia B 2%
Ik 1%

%ﬁ%m/ﬁaéi&‘%w- B REHSEIRELEDRE B2 R L
: :\*hé»f:j_ B }?5%,:;)3»%“?&?1%%5{??%3' —Jﬁé';iﬁs
V

FF»jZ»(FlFO)m n\xz%\)ﬁ mﬁ";

=
e

=
€

\H-
?E%
o
H

E“-

E“-

T Fl;/;a‘nzf\; IZ:E:L é R fi"’?”
'ﬁw@§w;%ﬁﬁw(ﬁ~é8bﬁ‘
T o 16 A4EE B B 24 Askchz il}ﬁa’ﬁ-‘fﬁ?ﬁ SR 33%“*3

&”w%%43%ﬁ’ﬁa%—ﬁwﬁ%ﬁﬁﬁ$fﬁ ??*ﬁo
%43 L xiatkik b RS

1 15.4% 20.5% 21.4% 45.3%
2 39.8% 42.7% 49.7% 35.7%
3 23.2% 20% 11.6% 16.8%
4 11.4% 9.7% 9.3% 2%
5 6.4% 4.3% 4.6% 0%
6 3.8% 2.8% 3.1% 0%

35



Wrikms %, ﬂ\ﬁﬂi
AN - g = A\’}?ﬁE_IEB Bl

% hIBR ¢ 3 mmfé’ ¢ IR RIER S PRI 9%
BRI i A TR EL TR P s

- X’Fﬁf?’%%ﬁﬁﬁ%&/}ga ’

E'?fﬁ'-&ﬁ.’i&‘* Wk 4447 o A HLRBRFRTIRK S E5 44~ THES8

BREABETRERE LS

]+ 4

8% 5~ 5 10 4= ﬁ_k\ﬁo o

244 23T BRI EERMAE AR

1 EXP(3.4)

2 EXP(107.4)
3 EXP(55.6)
4 EXP(75.3)
5 EXP(49.8)
6 EXP(49.8)

SRR S J?’i,&féi}%@ﬁﬁ%f%, ¢y R %%}ﬁﬁ .

% 45 517 o

245 237 spbiltd vt b

o FE)P‘? > E

ﬂa1§%#$

36

cp- 55.8% 43.6% 42% 32.6%
ik 2.6% 3.0% 3.4% 0%
iz 41.6% 53.4% 54.6% 67.4%
3. A% #RR):
- sl G H LR R REAEA ﬁ‘ %ﬁ%%yB%@&’
R FRE AR BEXD RO ERES ﬁ&«‘"rs{&f £
B s it hl %5 t%il@ﬂi%é & P PRAEA



4.

301 50 »criag A e o - Bl B R R GRI 55 4T3%  Ap
PREERAFL B21% e aHREAN IR FRXEFFL LS
17 0 P et PR SR $% L 3] 2L PR AR (First In First Serve)#.p] o %.a‘:“z?vié I
QF%.«?ﬁgmgﬁé’/‘ﬁvm BT RE IR ELRE - R
AESEFF YOI AL AeFRATH TN L4697 o

%46 - o Rk L RSB S

= ¥ 3ot %

20.6%
23.4%
22%
17%

8.3%
8.7%

OB~ W|IDN |

d - Bp ARG FE T RRRAFFGET - 2 p k0
oI AT F IR E ST p Rl o B D B SO0 L AT T o
247 - Bop Rl 4 ot F

Je B IE P 4 b &
¥R 72.3%
ik 17.3%
£ 423 10.4%

BT £ (0U):
&?ﬁ%ﬁﬁﬁﬁ@&’&ﬁﬁiﬁﬁPﬁi%iﬁiﬁﬁ,w@ﬁ%

BRI AP LIRAERA] - 2 6 A BHE - o F RO ARk b2

}%‘ * e ¥ LFRE%BE —'3-81[% ]:’I??F?E?F @{‘f’”“‘}ﬂ‘imfrvlt’ﬂ“)ﬂlmp‘é&
T Y

37



=k

Fo TRER T FIA8 > § TS o FEr RS I R
B FATRRATFARSETNR A AP FR L LTR
4wt F ok 4.8 917 o

148 LBgRE pLE

EiAES 27.3% 53.3% 58% 67.6% 66.7%
[ENES 72.1% 46.7% 42% 32.4% 33.3%

422 &P FTREEE BA
AELHBRFRT R K KR ERE Do
LR A4 TR
ELFEALLFE firfu%fémfwéw S ERZHF T
mﬂbﬂ;{)fgpam’nnpaggmﬁ“m B TR A kY R ¢
FP LS FEEANAELIEEL R I ERF A TRF

R %‘?éﬁxf . —fp—f/‘ﬁ , éj{ﬁ,mfﬁﬁxﬁ'u,g HiEFI @ ?E_‘?‘, mf
5 BB O & 7 e i

’

B2 EEEAQ AP BRERA [ i AAple e IR A f 0k
TREFEL s B ARAFHLR DG DRRETD -
i

= R B2ELLHFINE 8L FF

Lok i M’%’ﬂtbr}ﬁ.&éf;‘;&aﬁw?%ﬁ;w\bg&&,rﬁ

(PGP BRI A 2000 KA E B A
e # A

38



HBRETRE £ L A HRBH BT P i 5 o d 20 A § KA
BB S LD £ B TN SR B AAF ] B SL 5%
5

heis Sl B35 5 oo
423 #3FEINE

Rk &L AR E A ] 422 P RTE FEINS B DR
Al o222 HERECAAcR] 43 om0 T SRR LB E 2
Fp
1. = 5L RATR D SEBELITARLAR  FRRFEBLIER

G $FFH o A- KRR OREEEI LBLRTRY .

EE N £ 2.1 S %@&m&iﬁ&&w&wo

- BE Y RIED VB E T 2 label £ = @ 1) {

Aok R P RARED R L AL 2

%t)%ﬁn R iEd SELFFIREFLD

LR AR ARARCRRBS FRATEL T

FHETAR KT o

b LERBRERDTERS -

8. 1
9. g}%iﬁﬁ:%—lﬁ%’é@&ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁgﬁ%a
0 R K
.
10. A Gpm o G- 1 ek FhREEAFREFRL LR DTE -

39



11.

12.

13.

14,

15.

16.

17.

18.

19.

Lo WA O KRR A R R T

i entity : # & ¢ o i2

x entity : # & ¢ e iz 5 LA

% te gL

v

"=

FiTIaN

I

40

e

1

WL kA 2582 EL /R



Resources
iR @*;‘E(MED) %FE(DU

1%‘“*@
%

=

Clinical Room (CR) Main Emergency Depanumt[l!ED\\ ‘D /
SELHHED WQE(MED /

R e e /;Q f |
i e dummy? D:/ J ﬂ %@W‘?ﬁ(ME$ /‘

0 P i 0
dummyﬁ \ ||

o mw gmso ERE =(0
\\h ¥

B14.3 Simul84 & Hdz 7

\

-

S

=/
v

rEYAEY pARRLEIEEDL fR - BT AL RALE &
FAEG AR - D HEFE R S BEBLE AT ko
T ORERGHEE > S FEAALETERARHELREALL R
B RBIEE S SRS A& Bf% . ZT g T4= 5465 s o
X rGELER LW ;;“%7} ~10 448 ~ 30 4 48 ~ 60 4 48 ~ 120 ~ 45 - T
IRBERERRALFLES o Hd R GAERRELS S 155 Bopk ool
&@&z%i@’ﬁﬁﬁﬁ%ﬁzﬁaﬁ’ﬁZﬁ&@&&ﬁi%@i&
WaheEEFFES 0 F 9%%%E7{w%§imi@4ﬁi”
Hoon ERBRAZREN K22 55 RAREAL £ DR A ER
o FER ﬁm%ﬁiﬁﬁﬁﬁﬁVﬁ& TG H R BT RE 2 BT
5 S SRR A P b
ATHRALTRER? NP EFTH L SRE T
TIREFX KL P RbEHhHR T

b

41



3. RAAFEOR EATEIEFLT VI EPFHHF -

B EFF AR R 0 R R TR B &~ TRE TR
BRERE 648 B s o FFA 8 PFEUTRES i ko
&’ﬁwiﬁﬁﬁﬂﬁﬁﬁ°$ﬁﬁﬁm%$m%%?{ﬁﬁéﬁﬁgﬁ
Fdise s @ gk S A YUY DA F A FEET

4.2.4 BARPFE 2 ¥k

AT EE SIMUIB IR E L AR 10 - B~ 10 T ik S 2 T
Eoé?‘“@”;%ﬁ’ﬂﬁﬁpiﬂ—,ﬁﬂﬂié%wmumﬁwa,
5B A dch > BFIH 15 X 2 (SenFR A BTl s o H2

IS (\f
[N

PRI N E'*F’“@ME]H—‘” B R 3B  ». T‘W\IZ%OO b & o
d3ELR24 | FrEa ko TR ERFRE 2% - 2 % p~00:00 2 24:00 -
& PER e o

425 #HFEE5E
FE SR SImuI8 WY R 2 2 FRAELZ 3B 7T
T?l]ﬁ;?]:"..f‘:;%—‘ici
1. %&ig%Q%}&zﬁﬁz
AL AHAL BTN AR B RA A K- L ANET R
FLp S ARG LB OUARE PR S AL B F-B
ﬁﬁ‘?ﬁ$\%&uer@$ﬁOUWﬁ®1%%ﬁ&%i%&°
AR PRI LN R L 40410 R - A /A ALTR
FRAFETREL A B - &Iﬁi%”%gfﬁﬁ%ﬁsw’—,—«km
SBc BB TR BERTEFLEDRFTN ()
onlmb FREI PRI PEUBELALBLERI R 55
EABREIELHRBTRHET LG Foop L8 o

42



249 ABFRBLLTOGT LD RERT

- B B 192.1 114.1
i B 180.3 157.0
= B B 170.5 156.9
T BT B 167.9 162.6
T B B 135.2 132.8

2410 STBRBRLTORTELTFR

- B B 606.3 362.8
= B B 598.6 361.3
= B B 551.7 344.9
N i B 541.2 380.6
B B 406.7 282.9

:[Jiﬁ,&—‘lf‘:’:%ﬁﬁ%%@:

AFTHEARLIGHERZLRE] Z > # BN 1EELFHE
(MDE) £ %#(RR) - ¥ %=OVU) = B REBEF 5 L2 THEGER
#EAL F S EGERLESTRRFLID)IEAD R
P 25 Bk FIM AR QQTEFLHARATD L1 ELFE
%ﬁa;f&a ERAT K ERA o

% 411 ,\,P/Iﬁiﬁ—li”infﬂifn

i & 4% % % (MDE) 23.3
% 4% (RR) 0.2
¥ B % (0U) 5.4

43



3. A4 FTRTIRH F.
AMEIHEHEL I TR EVFFEIADERL AR A LT
g A4 412 Prom o

+ 412 £ L A4 ?’E_’Té? *

EVER AR (RE) 20.8
&% ¥ i (MED) 41.1
£¥#2 L § (MED) 46.2
£ 2 FF(RR) 28.9
E2#EZA A (RR) 24.1
&% ¥ E(0V) 78.4
E¥#Er L F(OU) 55.6

4. NEDOCS

% UF Simul8 F3 br 8 chiikt - Z ApfE s | PF3- 8 — = NEDOCS # >
£ %2+ 12 15 NEDOCS & > Bl 4.4 5% p NEDOCS 2 4% > ¢ B ¥
X 3%mE'$F'”'3 W EEREGR G AT T 483 10 8RB
FEMNRE TG L% Rt AERERE &5 F 687 10 %
Pumére fe & B3k AL > @ ASRT 35 NEDOCS 5 126.79 -

%1\

=
Pom
[k

¥

E

NEDOCS Ed L3

=~ T
160 A 5
140 // \\‘ e
== ‘
80 V

60 —_

40 2
20 -
1
0 L
§ ¥ 6‘90 S e“’gg Q‘*’& @QQ ‘»":96 '»"PQ x"QQ '&@ '\PQQ '\',"00 e
®14.4 NEDOCSAE % [l

44



4.3 #3l%#E

d % j‘;‘;:r Toarid b B AR R B ;4 R 5&;*/@%@@;% m&gfr ’
CEAR RS S R LYY OIS

FR ARG p R AN E R BB i i TR hl FE
FdHFATHRORR T HE 21 gt FaaEm et i
B BRI AR R P A E 2 o p AR E I ot g S

AE A E o AT R tH T EARR R AT REBFEA PR M2 1
Fad e

431t# 24

F1* Simul8 B S R P a2 %51’%,%%%5%‘?%3 BT

P09 & 1~3 7 4R % ER o K Actuality & Simulation model 2 % % &
o d 2 AL AL T M RFARS DEF AN 4 Bm LU E DS B
B @A fisd i ph o ABiS 2 $B R~ > F Simulation
model £ Actuality #icie g £ ¢ ¢ H is B B ks o

2413 HARTELER (A ELTERBR)

Actuality S'Tnlé?;on Error (%)
1 BT 2 183.9 192.1 4.45
2 B 2 174.1 180.3 3.56
3 B B 162.9 170.5 4.67
4 B B 140.7 167.9 19.33
5 B B 103.1 135.2 31.13
2414 BRBTEDLEFROCTRER L)
Actuality Sinr:]l(;?;ilon Error (%)
1 B B 639.1 606.3 5.13
2 5op & 609.1 598.6 -1.72
3 B B 562.5 551.7 -1.92
4 BT B 528.1 541.2 2.48
5 B B 551.4 406.7 -26.24

45



FI* te T 7 MBRFESBR AT R EF RSN BB Ho s §E %
ol = ] Feehps BagmRaldl > T Hiueuy/ =0 H 53% 5
B RDBERBRTFR G LR T Hipe ny#00 Gk a =005
HP ux s R ETHE A uy s RET S8 d AP T & 2% 10

o Fn s 100 I tREASREBEF A E Nt L% Excel
FEHAED LBt E2 Pvaluer B % A g2t 4 4158 4 416 -

2415t AR ETRRB L)

1% 183.9 1921 114.1 0.227 0.4127
2 % 1741 180.3 157.0 0.125 0.4516
3% 162.9 170.5 156.9 0.153 0.4409
4 5 140.7 167.9 162.6 1.073 0.1556
S & 103.1 135.2 132.8 0.764 0.2322

639.1

2416t A H(ETRRB L)

606.3

362.7

-0.286

0.3907

609.1

598.6

361.3

-0.092

0.4644

46




3% 562.5 551.7 344.9 -0.099 0.4617 +
4 5 528.1 541.2 380.6 0.108 0.4582 &
S 5514 406.7 282.9 -1.617 0.0702 +

d b4 ¥ a0 HE k.
S N L A A Ry
TR e

% By & 3
2 R AR A

PLAT R ! I”X’}’ﬁ'ﬁﬁ?[ﬁﬁ,ﬁf@g’fﬁﬁaﬁﬁ Kﬁsﬁz o
BMEDLRE > i F

t"T’E’{_

432 BB RA W
SRR AT R L BT PR L P
F AT o KT T R P ATR B AT R FT B A PR Dl mr o B iE e
B ey ~ 0 BT R E LT S B IR o
AETE Y R % SMEDF 3¢ ~RR¥FFF2 4~ OUF 3 & ~ MEDET
A R3E CRREI A F2% s OUREIZ 4 f 3% o MEDF FFsif it - 2 iF4%
A ASTRBLLTOB AR AN FRHHES F 41T
418171 o
% A1TMED ¥ g - pip R TR TEL IR (AETRER)

1% 192.1
2 B 214.8
3 % 201.6
4 & 192.4
5% 165.2

47



% AI8MED Firf+— B THRTELIFR(AETRARL)

R A Toin g R
1% 192.1
2 B 140.3
3 % 120.5
4 % 112.7
5% 108.4

MEDF 7 e i 22 A G g Bl i R A M > FLt e A g T Rlaz
RRIPRE P AEREEr B Rt e apl o B fiMED%?
FRHEALTRBLEM AR TIO/RL ® T EL PR 1300 ~404 45 -
oAb - PMEDFFFASTREpEEMIGRT OB BT ELZPHR T
1207 ~30m 4 5 A RIPRHEELBTELIFEARE F 25 A4 ARS
PR B ELPRARL PR HED TR E

d Pk ¥ i § w:égﬁ.%g@,])\ R R M ’*Lrﬁé?l DR Ey ¢

' BOLSEFH AR AL S TR SR LB
P g MEZ WS B0 o TR R AR B A TSR E I 2 B o

48



44 B E TR

A41 KRBT AR B f i
AFELEFEARACOELFIFLELREEA R AT BN ES R
Pk AR R EARR G P FP A1 * Simul8 Host i 88 o 2& oo Optquest # 4t >
& * TabuSearch * Z2HFEE FT AP 2> X HE G #3475 2 &K

A e

Min Z= f(x)
S.L I XiHXotXs=m
X4+X5+Xg= N

X1 >Xo > X3 Xg > X5~ Xg-m>>n = 0

X1:MED ?EW A Hx

X2:RR %E%F A i

X3:0U %ﬁéﬂ? A B

Xs-MED £ 4 | X ¥k

Xs:RR FEIZ A B 4 i

Xe:OU ;EIZ A £ i

M:MED ~ RR ~ OU = %" 4§ §7 4 #c

N:MED -~ RR - OU = #RF* & fo 12 4 § 4 #&

f(x) 1 % 7 X, = MED FFF ~ % & RR FFF ~ X3 = OU F 7 ~ X, i
MED #72 4 B ~Xs = RREIL A B ~Xg = OU I A B T » iF (7 g o7 19
F|z. NEDOCS & -

49



442 3 BEEBB G E %

21 Simul8 H-#t o 48 22 e Optquest # it 7> 3 35~ i %38 4r§)
45 #55F o

+~ Decizion Yariable Selection: Select variables and set bonnds.

Select Yariable Name Lower Bound |Suggested Value |Upper Bound Type
B4 (BR).Number Availakle 1 2 B Discrete (1] -
B4 (MED) Mumber Available 1 3 B Discrete (1] -
B4 (0L Number Availakle 1 3 B Discrete (1] -
#E1(BR).MNumber Available 1 2 B Discrete (1] -
F#EL(MED) Mumber Available 1 3 b Discrete (1) -
& FEL (DU Number Available 1 3 b Discrete (1) -

Bl45 A K FHK B

o) A 2% L A = EY % = - E
AREES T MED 82 FF A& RRELFF L& 0U £ 3
FP A~ MED 32 4 A fic - RR 32X F i~ OU B3 A fdic @yt 5 0
WhiEpi R BREBAS TR P ERES Loa k52 Lo
dREE IR A dch PR AT R A B BB TR

KE 5 HECY o A TR E 2 4o 46 4T o

~Y Constraints

(8222 (RR) Number Available+82E (MED) Number Available+882 (OU) Number Available=8
i1 (RR).Number Available+i#1 (MED).Number Available+3#1 (0OU).Number Available=38

F14.6 T4 iF
U E R L AL TR AREER AR AR A s 8 4 o JI®

NEDOCS 45 # k3= v 2% b chFiRfe & 2 £ 2 % > NEDOCS iﬁf‘&iﬁ Z AR
%,@aiﬂ&%?ﬁﬁﬁLg°&ﬁﬂﬁm@§ﬁ&¢Wii$%$E
4)5 =i %Tﬁ'?\?"ﬁ B~ ?fﬁ?v’ﬁ == ?‘;E:_A ﬁﬁié\gﬂj ERE I 4 %;/’/\rv-"ﬁ
ZECERFIAESFEREF Z 2 FI U RGeS RE- W

FooE 2 oM SR IRt 4 410 407 o

50



2419 L FE2HHLEB 1)

5 3 2 3 3 2 3 126.79
B i
L oa 4 2 2 3 2 3 116.63

§ 4 419 7 4o - ¢ OU PR 2 ¥ frpe 2 MED 0P #-7 i@ AT
2 NEDOCS & 5 & %1 126.79 "4 i< 3 116.63> #E ‘a%’ % 8.01%h& P
FTEAE L EZEZTRARYESAFERGREC X AR AT ZEBER
Bhi» 43 T2 g £ 3 %2 NEDOCS 484t %[ o d B 4.7 7 ¥ (Bt B it
bAd F R R 2T O AU MERAVEFE I FARALARE 2R
M5 10T at 108 A FRLREEF 0 FRAER AR F %

it o

BEBE
NEDOCS %a
200 _
6
180 -
160 5
140 E| ——
mEAN
120 4 AREME
100 +
20 g SRS
RAERAAN
60 il FREE
40 ‘ 3,
20

0 1!

B B B D B A S B B D S B
S PSPPSRI DS
ST R ET ST ARG BT AT T A R

Fl47 &2 4 4 FhpeE SR EE1)

51



FELIM R - R RRFF ﬁ\@ BV F Ak
WARABIeE 5 94 AT RIFEERGEN o B 443 %3
AT EEK BT R R RR A - LFFEEIL LR G
AATEST Ko R R 8 APk o IUIE R R AL F A R
AR Aot 5 94 0 BEA LIFFHF L% 4ok 420 9 o

# 4.20 —r‘:u/ﬁ-nlz‘;}%'g "L%(g ’k)

o 4
‘ 3 3 3 3 3 3 97.63
i
B i
.| 4 3 2 4 2 3 88.73

AV AU FA RSB LI EY RS o ERH L 2
TE% 0 o ERAAEANEILEEL R ERR A F

¥ % AT 35 NEDOCS & & £ <17 97.63 "4 i< 1 88.73 > ;}g
FEMY QNN ELHEERARE L L EDTRRE OAFARGRE

EVEZHHASFIF AR R TR RERERS D FRE
N2 A TR RV RISk g o AR 48 2 L BERZ
Aode S R i %2 NEDOCS 48% " Bl - o B 487 + %gir&ﬁ»fi -
44%%%§L€*$ EVLRERENEIFR FAROLE

= 12 8k~ Tl6%4%ﬁ10%¢5hﬁﬁiﬂﬁ@?’

6%@%¥ﬁﬁ¥im%“°

52



NEDOCS ¥
180 -
160 5
140 T =
AN
120 4 FmEE
100 1
80 3 v
BAEAA
60 B EBAE
40 2
20 g
1
0 b
S L S o 8§ 0 8 & O 0 D
N LTS L S wmm
& &'&‘é’ ~9~0'¢'@‘¢ I A o

W48 A2 4 4 FiRp L ARTRI(91)
FREVFRARE R R R R L e S A Y
BRI A AR e s 5 T AP A TREEAED  0F B e
% 421 %557 o d 4 421 7 4R % EVRER B R T o T 35 NEDOCS R
R+t REAFELOBAA TR AFTLEEMR S LM ELEIED R

Rk kg o
2421 BowBi2apE s 1)

1
N
w
N
N
w
N

7547 .44

A7 e 3

RiE3E |2 2 3 2 2 3 987.69

53



5.1 i

A AT SImUI HoRBHEREL I EL FEP IR £ 258
i&%?/}ﬁﬁaﬁﬁﬂg-g%_,‘g%
¥

Tohfe® 2 &3 %7 > NEDOCS E357 4pk » it 4
RELZPNRERREOI AR > & Pk P RAREL >
CRAEFGFURE  EYEEA R FEoR
@4ﬁ$’i%;_* g\, F’g}%"qé'm]?"““ﬂt"l°

S At L ApE g o AAFITRARE TR AREL
AERF AL F 2 FR B AR R ERELEAPEE BT IRHL
FliE R e E %m«‘/ﬁ%'ffuf“ﬁi?* P eELFRAS A TR G
el gy HE R Py aEite “3—?51" 12~31 &4 BiE %
Gy = o B N NPE M}'J’i* NEDOCS 4§ & 5 #Fﬁ;"—ri;.i;% PSP ED
EhEFRMPRE - FIERET > SR FTRAREEI VEL TR
2 RKE AL REARTIEEMRT B801%; m g AL R AL FTho @
P HOEMRES A EMIERE R 011 %hE B HEAR O I B
Rl AR RAFLEBRLA S R FRD L2 Pﬁl%wmﬁz»i—?
ERELEF A Ak o AT AR L - 22 iR EFOEE -
FHELELZFHRA S TRDFZ LR blicg T8

&

R SRR R TS ﬁ’ EPEER
% =i

L5rd

i}

.

Rb

¥
b
il
-5
(g
o
a3
>
ke
E%

= g7

w ot

¥ 5
L

ki AL g A4 L AmEai 4 F 20
?7}'@?‘%—%‘% » FRATE TR Y giEd 2 G R AT 0 TF 4 b EM
fbenfed o AR E R E AR Tl o
WRidfd PR REBRFREL  ARFELIF T AN
B Rl AEL SR AFEREL A FTREE  EE I DS ITL L

s =)

gt dh o

54



52 4 %5 2%

LW G FENEANNAFEFE RRSTY L R
A B R > FHC S BB L SRR 0 P § O U]
FEM > BHFEFZ R AR N S P R -2 (BT E 0 2001) o AT g T
ﬁﬁﬁéimzuéxggyﬁ. @m%iﬁbbﬁ;—ﬁ

e
pa I =

%Vfﬁ%%ifﬁ’fmﬁﬁﬁﬁﬁﬁ4ﬁbwﬁﬁwkxpf@§ﬁ
RAPATE TR G A R RIT E T B PR Sl TR
LBIE P 2 M ETHER o KB A 5 RE

R o AT BRI F R EfES ‘lﬁgl‘m#@%ﬁi
FTE T E AL REFIFRT 22 EfZ > d > NEDOCS pEE 1
2°3 4 -5npt i BT AR ORE > R AR E FRELZERE
ML28pmR R GEPEE 2 JARTER A 3545505 LTS i
EARET o Ft A R B A a2 PR R T UL AR 0 A
FRDIHE LR R D ETRARE AL SRR S
Mr o= ¥ AIF 3 e ddp Rt 2 e s Tk 747 7 4F3E 0 b4 READI
f;ﬁﬁ * EDWIN iq 1% ~ Work a‘ﬂfﬂi{&’i o pL %t %\7\%’5‘;%— O S cRal S
PRPHAEE D AR BRI LR E o R SRS 6L

4‘;,3%’9.’0

55



54
:‘éé}i‘é:

[1]1 ~ 222004 < 4 FRFm PHr= it o

[2] # 4B iteh 2006 2AZEREFRFRE " FEAILET ¢

[38] =% - ﬁdm’NMO?fAthfﬁmﬁﬁﬁﬁﬁﬁﬂiﬂf’Fﬁ&%ﬁ
FARMB EL =y PR EE -

[4] FrcretEd ¥ > 2010« Ac/afd F 2 B 2N GER 'R SN E 4R o

[5] £ & 2002 7 # 1= 2 o fAE*Z R FLwE 257 77-?(5??;/’5457%‘ KRR
gl CEAFIFIREARLG

[6] 3@?\&%M‘ﬁ%i‘%%i\éﬁﬁ~*ﬁ%\%@—’mMouA%ﬁﬁ
MiZE 2 X & B LR G L RELFE 6 Fi56(4) 0 403413 F -

[7] %im - 2003« & FfF < 4 B 0 B2 FREFHY LI —10 3 252 RFMR 5
B Rz LA B FREEAT LG -

[8] +h4r& > 2001« F SpmEZ#mL22 k" > hArE R

[O1 & K 8% 41999 B # HARMT AL L ZE 2L 77 — 1t F T F ez o)
FRpafis | 2740

[10] & & §:2009¢ 4%+ B (o FRA 12 7o #7750 P EARAERET R § 5035

[11] # & 55> 2000 - A B &2 Ffrd EFEZ A M FIFF T BT~ F1 5P 8
?I /Fﬁ’“’—”Lr/FﬁJ e oo

[12] # 2% " > 19940 & 2 < %ﬁﬁz*”iﬁé%—ﬁ’9%%%’WGD’%Q3E0

[13] 3 foAk - 1999 o F¥ £ #IZ G btz FEM P R A FFAFRET 97 FAF
WEAR 120

[14] 552 4020100 & # FHL e B4 J5/2 80 F 300 i fig 300 17 JB B 3 903203 2 ik e
;7\”‘7/55;?’ ’ ,3,4153#_#?;37 ?ﬂflg*ﬁ_l;r/‘v o

[15] Zsge i ~ § # 47 > 2001 o pA7% ~ 1 F ~ S RS F L > E 2 0RAL

[16] s8i& B~ ik & > 2001 o 5 2 A& k£ o ST D Rin dRAR

[17] 3533 » 2005 - féwﬁﬁ P SAFE - 0(3) 0 392-394 T

[18] Fh i » 2000 © #/ FFA S Fredis @Ford g 42 FFEg--rt 21 iy J EFE
P E b £ A ﬁgﬂ%pwme»vo

[19] w5 % > 1992 - K ELFRLHFIFEFGA- NP FEFE S G b
~L3Wﬁ%§Vﬁﬁ?ﬂ§P”Wﬁi*?°

[20] /24 4(2004) o Freithfg 4 ¥ i A2 HEF T 0 R VRRLH o R E
SRR fRE IR p LAY AT e

[21] F#8pd - 2008 2 G AL R L2 &L & & B2 IF7T — AT BB F R 0
R BP A FFHERE L%

[22] M3 2004« FRAHLELpEFESFF  RZBP < 8 F i L& 7 ST L
W2 oo

[23] % % 22002 Fref e e + 7 f7jt2 77 e S FE X E R g T L%

o

56



[24] % HEY sy > 1996 - /ﬁi&léﬁ/yﬁi}mﬁ\fﬂ 7"-//;,{"/”% Epo e - 4w ki
W’Fﬁ‘? LIPSl M g’/‘q L

[25] % &% 1997 « & * HARA A7 F B P27 PRTGH LR & X F§ 5T
L@z oo

[26] fﬁiﬁﬂ SRR 0 1996 o AR IRIRTIE [Ty RS L AL FEF G 0 K - B IRGE

rw;n»_fg

[27] % §f 0 20000 2% B FfT < 4 BG4S FRHT L B 48R
WAE L AL o

[28] x& » 2002 FregZ XM R — I F FE v REFEPZ 0 FRhip
R T TR

57



® éfffe:

[29] Ahmed,M , Alkhamis, T,2009. “Simulation optimization for an emergency department
healthcare unit in Kuwait”,European Journal of Operational Research ,\ol.198, Issue 3,
pp.936-942.

[30] Alan H. Handyside,2004.” Metabolism and cell allocation during parthenogenetic
preimplantation mouse development”. Molecular Reproduction and Development
Volume 43, Issue 3, pp. 313-322.

[31] Averill,M.L. and Kelton,W.D.,1997.”Simulation Modeling and Analysis : McGraw-Hill
Higher Education”,Operations Research,Vol.57,pp.129-136.

[32] Bair.E , 2009 .”The Impact of Inpatient Boarding on ED Efficiency : A Discrete-Event
Simulation Study”,J Med Syst ,pp.919-929.

[33] Campbell, L. Campbell, B., and Dickinson, D.,1996.” Teaching and learningthrough
multiple intelligences”,Allyn and Bacon,Simon and Schuster Education Group.

[34] Chahal and Eldabi,2008.” Applicability of hybrid simulation to different modes of
governance in UK healthcare”, Simulation Conference, 2008. WSC 2008.
Winter,pp.1469-1477.

[35] Christopher,A.C.,2003.”Simulation Modeling Handbook:A Practical Approach”,CRC
Press.

[36] Donabedian, A., 1988.The Quality of Care: How Can It Be Assessed? ,Electronic
Version Journal of the American Medical Association, 260 (12), pp. 1743-1748.

[37] Draeger,M.A.,1992.”An emergency department simulation model used to evaluate
alternative nurse staffing and patient population scenarios”, WSC '92 Proceedings of
the 24th conference on Winter simulation,pp.1057-1064.

[38] Duguay,2007.”Modeling and Improving Emergency Department Systems using Discrete
Event Simulation”, SIMULATION January ,pp.3-25.

[39] Engli,M. and Kirsivali,F.K. ,1993.” Needs of family members of critically ill patients
with and without acute brain injury”. Journal of Neuroscience Nursing 25,pp.78-85.

[40] Erik,M. and Kolb.B,2008.”Reducing emergency department overcrowding: five patient
buffer concepts in comparison”, Proceedings of the 2008 Winter Simulation
Conference,pp.1516-1525.

[41] Fridkin,S.K., Pear,S.M., Williamson,T.H., et al,1996.” The Rote of Understaffing
in122Central Venous Catheter-Associated Bloodstream Infections”, Infection Control
and Hospital Epidemiology .

[42] Glover F., 1990.“Tabu search-Part 11, ORSA Journal on Computing,vol.2,pp.4-26.

[43] Hanlon, J.J. and Pickette, G.E. ,1979.” Public health administration and practice”. CV
MosbyCo.

[44] Huschka and Denton,2007.”Bi-criteria evaluation of an outpatient procedure center via
simulation”,Proceedings of the 39th conference on Winter simulation,pp.1510-1519.

[45] Kelton, W.D.,2000. "Experimental design for simulation", Winter Simulation
Conference , vol.1, pp.32-38.

[46] Khurma,N. ,2008. “Simulation-based verification of lean improvement for emergency
room process”, Simulation Conference. WSC 2008. Winter, pp.1490-1499.

[47] Mancini and Gale ,1981.”Emergency care and the Law”, An aspen systems corporation.

[48] McGuire, C. A., Stanhope, M., & Weisenbeck,S.M. ,1998. “Nursing competence-an
evolving regulatory issue in Kentucky”. Nursing Administration Quarterly ,pp. 24-28.

58


http://molehr.oxfordjournals.org/search?author1=Alan+H.+Handyside&sortspec=date&submit=Submit

[49] McMillan J.R ,Younger,M.S. and Dewine L.C. ,1986. “Satisfaction with hospital
emergency department as a function of triage”. Health care review, 11, pp.19-27.

[50] Melvin Fitting ,1996.First-order logic and automated theorem proving,Second Edition.

[51] Metropolis,N., Rosenbluth,A.W., Rosenbluth,M.N., Teller,A.H. and Teller,E. ,1953.
“Equations of state calculations by fast computing machines”. J. Chem. Phys., 21,
pp.1087-1091.

[52] Nathan,R. Hoot and M.S.,2007.”Measuring and Forecasting Emergency Department
Crowding in Real time”, Annals of Emergency Medicine Vol .49, Issue 6, pp.747-755.

[53] Robertson,R.H and Hassan,M.,2001. “Staffing intensity, skill mix and mortality
outcomes: the case of chronic obstructive lung disease”. Health services management
research ,pp.258-268.

[54] Saunders,C.E.,1987. “Time study of patient movement through the emergency
department: sources of delay in relation to patient acuity”. Ann Emerg Med .

[55] Stephen,K. and Epstein,2006.”Development of an Emergency Department Work Score to
Predict Ambulance Diversion”, Academic Emergency Medicine Vol.13, Issue
4,pp.421-426.

[56] Weiss, S.J.,2004.”Estimating the Degree of Emergency Department Overcrowding in
Academic Medical Centers: Results of the National ED Overcrowding Study(NEDOCS)”,
Academic Emergency Medicine Vol.11, Issue 1, pp.38-50.

[57] William,R.M.,1996. “Triage and emergency department services”, Annals of
Emergency Medical.

[58] Yurtkuran, A, 2008.”Simulation based decision-making for hospital pharmacy
management”, Proceedings of the 2008 Winter Simulation Conference,pp1539-1546.

59



