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Ward A WardB | WardC | Ward D
Mean LOS 6.845 4990 | 6472 | 6472
St.Dev. LOS 7.621 6.398 8.252 7.864
No' patients yearly 1891 1724 1743 1942
Standard capacity 45 30 44 47
Patients per bed 42.03 57.48 39.62 41.32
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Event Driven Methodology: At =min(e(r)); e(t) =[e(1),...,ey,, ()];
e.(t) Vie{l,..,N}-Nextdeparture time from station i.

ey, (t) - Next entrance time (departure from entrance node).
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(LOS) monw "own e

Ward A Ward B WardC | Ward D
Mean Empiric 6.845 4.990 6.472 6.472
Simulation 6.890 4.966 6.437 6.481
St Dev. Empiric 7.621 6.398 8.252 7.864
Simulation 7.603 5.618 7.038 7.369
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ward a ward b ward c ward d
mean empiric 38.051 23.396 30.727 34.123
simulation| 37.701 18.100 35.190 35.400
st.dev. empiric 5.942 5.817 4.705 5.802
simulation| 4.793 3.335 4.758 4.758
01 Ward A Number of Patients - Histogram |
009 simulation empiric
0.08 +
0.07+
0.06 +
0.05+
0.04 +
0.03+
0.02 +
0.01+ nn
ARy R
020 25 30 35 40 45 50 55 60 2|[]IIIIIIIII3[J 40 Ilﬁlﬂlllllll—rlgﬂl
36

2007-2004 naw Yy 1Dox1 DIMIN *




251739153



38

"S53 MK 110"

TPTRD DI e
NIDT NNXT VAN —
AN VN —

S907300 VN —

N2V ﬂ1|735 akbiv/istWakkipAliiole Q1P 0P e
79N ORMI1N FINNT JAT —

NDIYN2 SORMI1N TONW JAT —



PIYY DO

X190 NNXT B2%IR

2O DW 130T 99012 HHUN MINR 9D 90 0 DY 3nw —
NIPonnAT YW a019N7 NN IR «—

MP2MRa NOWRT TN NMAVANT —

MIPHAND D127 OAWI PR «—

AP 902 TNNR 9PN AV T NMAwnnT —

39



40

PIYY DO

tardishBemkiate

YAIN 7902 700 SV TINNaT WA NAwnNT —

FOWRD UMY

293 W 7% 99012 70N NINR 93 90 0 By 7N —

9300 V2N

MIP2MAT 1°2 277 70190 TINR —



41

DoANIAYNRT DOV

gairabii>alaghhiinlokn P

TIOWRY 7772V TIN5 JAT —

(220w 82 LOS 20 5029 7o) Nowna 9710 0w yar —

OR1D/TIV0 NN HYI NN e

NIPHIN 1°2 701907 NN YW PN NPOND —

NMIPHYRN P2 7AW TSRk 2O 50N YW 1PN U0 —

:0°9217 9925 NN e

TINNT 7T YW 3PN N0 —

NIV D10 700w 1T YW PN NWD —



D°1PIRT W NONIND ONTAT

Indices:
*Wards: 1=1,2,3,4
 Patients: k=1,2,... K
« Time: T={t,, t,, ..., t } is the set of all event points in the simulation

Parameters:
1. Constant
 N_st. - standard capacity (number of beds) of ward i
2. Wards’ staff:
* L(t) - number of patients admitted in ward i from time O till time t

* N.(t) - number of occupied beds in ward i at time t

42



%i(t)

TWAT - Q21000 2w NON1AD T0TA

il W LR Wl [ 1 T bl .. i = L, —_— 'I“".r?'l::tzl
pi(t) - occupancy rate in ward ¢ at time : p;(t) = Fp
. s . Li(t)
- patient flow rate through ward 7 till time ¢: ~;(t) = ,\,3': n
- IV 81y
. . =t \]
~; - average patient flow rate through ward i per one vear: ~; = t:( ST
\/ St (pi(t) — p(t))? - estimated standard deviation of the oc-

(t
cupancy rate (p(t) = ZizsPi® Jenotes an average occupancy)

4

Mean,-7{Sd(p(t))} - average standard deviation of the occupancy rate

Sd(~

43

= \/ Z? (7 —7)? - estimated standard deviation of the flow rate
4
% denotes an average flow)



TR - 2°1MWIRP0 2w NPNIND 0T

3. Patients:

o w; - Waiting time of patient k since the decision of his hospitalization till

entrance time to a ward.

o w; - Total sojourn time of patient k in the system.

o Sd(w! \/ - Z (w;, — w!)? - estimated standard deviation of the patients’
W a.ltmg time, w l]i?fle w! s the average waiting time of all the K patients.
o Sd(w?) = /L3, (w} — @2)2 - estimated standard deviation of the patients’

-2

sojourn time, where 10 is the average sojourn time of all the /i’ patients.

44
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G(T) =ay - Mean,.r{Sd(p(t))} + as - Sd(~) + ag - 0"+
+ ay - %+ ay - Sd(wh) + ag - Sd(w?).

45

where «;, i € {1,2,...,6} are relative weights of the criteria
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Average StDev |

0.1043
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Ward D 0.7532 | 0.1012 [ JwardC
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k= argmin;zq(,.. . 1y vVar(p;)

r

Var(p;) = “'l..f.-’f% Zj=l (P (1) — p5(2))=.

4 *
—r ™ _ "_-_:'=1 5
) = — 57—
r _ Ni(t)+1
'IOI {'f'jl T _'n"c'.__fsf-i *
r _ _‘I"n__? ':f:'
phj {\tajl - _';x..__rsf )
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Mean StDev Occupancy Rate Histogram
Ward A 0.8590 0.0694 : : ‘ : ; ; :
Ward B 0.7263 | 0.1001 B Ve A
Idleness Ward C 0.6914 | 0.0697 B \Vard B
Ba|anc|ng Ward D 0.7239 0.0662 [ lwardC
B \Vard D
Average StDev | 0.0789
011 .
g
Mean |StDev Occupancy Rate Hstogram i |
Ward A 0.7555( 0.0743} ‘ ‘ ‘ : : : :
Ward B 07506] 00772 B Vo A
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D MNTINAIRT 772 ARNW 1Ay

| RR1111 | RR3233

waiting time (hours) 2.9517 3.1241
sojourn time (days) 6.3378 6.4354
stdev occupancy 0.1043 0.1299
stdev no' patients per bed per year 10.3226 1.2014
stdev waiting time (hours) 3.1986 3.6303
stdev sojourn time (days) 6.9885 7.0922
1B Occ Balancing
waiting time (hours) 2.8894 2.8803
sojourn time (days) 6.3702 6.3708
stdev occupancy 0.0789 0.0240
stdev no' patients per bed per year 6.4936 6.6503
stdev waiting time (hours) 3.0792 3.0767
stdev sojourn time (days) 7.0041 7.0094
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— Occupancy Balancing
(21 79 NTT2 A7) P12 MPRAT N0BN 2¥7 0"'Y 701N N e
MPYNnT NN YW PN DU HW Q1A1NY AR Y 01BN IR IR

ANOMOR e

A PRI MIMPSa 150 R 91077 73D Client_count(i) 271 —

I. If t =T - we update Client count; = N;(t) and p;(t) = ‘” Y vie{l,... 4}

max{ Client count,—Client count«Server Rate,+(t-|¢-7)),0}
N _st;

2. Ift # T - we calculate p;(t) =
¥ie{l,..., 4}.

95
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— Occupancy Balancing

falabni b daii7ianEES

3. Then according to the Occupancy Balancing algorithm we calculate-

k= argmsi Mic{1,. _._.4}-1‘*"'11*1‘ [:f-}i :]'

s.t
Var(pf) = /3 351 (7/(t) — p(2))2.
4 ’
P(t) = T2
4
Pi(t) = pi(t) + 5o - for j = q.
| P5(E) = pi(2) . Vi F# i

Where £ denotes the ward selected to receive the next patient.

96 4. Finally according to the chosen routing we update:

Client count; = Client county + 1.
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Occupancy Rate Histogram

Mean StDev
Ward A 0.7537 0.0763 ‘
Ward B 0.7564 0.0862
Ward C 0.7516 0.0780
Ward D 0.7520 0.0765
Average StDev 0.0414
U127
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Weighted Algorithm

N9 YR D APYARY 29I M2 NPR Y0 3 Occupancy Balancing apaox e
TR T NPT 190 ,M000 MPLanD 200 N MYwL I9RWN DY 72000 01w
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Occupancy Rate Histogram
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waiting time (hours)

RR1111

RR3233

partial info

sojourn time (days)

stdev occupanc
stdev no' patients per bed per year

10.3226

stdev waiting time (hours)

3.1986

stdev sojourn time (days)

6.9885

1 1B ] minstdev ] weighted

aiting time (hours) 2.6894 2.8803 2.9143
sojourn time (days) 6.3702 6.3708 6.4105
stdev occupancy 0.0789 0.0240 0.0567
stdev no' patients per bed per year 6.4936 6.6503 3.3864
stdev waiting time (hours) 3.0792 3.0767 3.0976
stdev sojourn time [days) 7.0041 7.0094 7.0397
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