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24

24

24

105-138

30

24

91

17

91

13
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( 1988)

(Connor, 1960)

( 1999)
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( 1998)
( 1999)

( 1999)

1999)
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o o o X
o X S X
X X o o
o o o o
o X
(allowance)
12% 20% 12% 20%
( 1999)
( 1992)
1.
2.
3.
4, (primary nursing) (team
nursing)
5.
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(centralized
scheduling) (self-scheduling)
( 2001)

( 2001)

Browne (2000)
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1 (forecast customer demand)

2. (work measurement)

3. (define service standards)

4, (determine hourly staffing requirements)

5. (develop tour schedules)

6. (determine daily shift requirements)

7. (develop weekly days-off schedules)

8. (develop rotating schedul es)

9. (accept or modify the schedule plan)
Brusco and Jacobs (2001)

Liao and Kao (1997)

Venkataraman and Brusco (1996) (part-time)
(full-time)
Baker (1974) (algorithm)
(cyclic scheduling)
Hung (1999)

(1999)
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(1999)

(2001)

(2001)

Lindo

(2000)

Baker (1974)  Hung (1999) Liao and Kao

(1997)

Venkataraman and Brusco (1996)

(agency) Millar and Kiragu (1998)
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bh) = | (1=1,2,34; 1=1
|=2 1=3 |=4 )

b(hy) =

b(hg)y = j

b(r)y = | j

8 = ] (=01, =1 j §=0

fd) =
fhy =
Oi = i (9=0,1; g=1 i
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h(9k =

m(g); =
Mm@k =

n@ =
n(l) =
nfuy =

(0] = i

p(d =
pthy =
as) =
qh) =

t(d) =
vdy, = i ( )

viey = i

= ( 8 )
vk = [ k

viwy = i

Wi = j k (Wi=0,1,2...; 0

X = i j (%;=0,1; X;=1 i j X;=0

xijk = [ ] k (Xi,-k=0,1; Xijkzl i ]
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Browne (2000)

Barthel’s score

m= (Ttub-bi(r);- (bi(hy) + b(h2)))+ b(hs);)(1+a)/hy 1 j=1tot (1)

bi(hy) I b(h )
bi(hy)+b(h )
b-bi(r) ; j | b-by(r); - (bi(hy)+o(h ))
j I
>ib-bi(r)i-(bi(hy) + b(hz))
j b(ha); (Zleb- bi(r);- (b| (ho) + b(hz)))-i— b(hs);
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1+ (1+a)
hy i J
i
/
[(=¢4b-bi(r); - (n(he) + b(he) )+ b(hg) ;) (1+a)hiT( - [x] X
)
40 j
8% 20% 40% 7%
2 1 30 15 30
j 20 j 8
14% j [ ((40 x 8% x (2 + 0.5) + 40 x 20% x

(1 + 0.5) + 40 x 40% x (0.5 + 0.5) + 40 x 7% x (0.25 + 0.5) )+ 20) x (1 + 14%) /
8]=[66.234/8]=9

( )
n()=Max{ (Xj..m)/t(d) TMax{mym,,...m}} )
n(u)=l Max{my,my,...,m}xf/f(d) | ©
( 2
( 3
th=1mi
t(d) [(Zjam)/t(d) |

Max{ m,my,...,m}

Max{[ (X m)/t(d) 1, Max{m,m,....m}}
t(d)
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t(d) = f(d) x Lt/f | + Min{Mod(t/f), f(d)} (%)
LxJ X Mod(a/b)  a+b
7 2
7 7-2=5 181
t(d) = 5 x | 181/7] + Min{Mod(181/7), 5} =5

x 25 + Min{6,5} = 130 5x25  Min{6,5} 5x25

25 5 5x25=125
Mod(181/7)=6 Min{ 6,5}

6 5
112|3|4|5(6(7|8(9]10{11{12|13[14[15[16|17|----------=-m=mmnmmm- 174(175(176(177(178(179(180(181
O|O|O|O|O|R|R|O|O|O[O|O|R|R|O[O]|O [-----mmmmmmmmmmmmmmeme RIR|O|O|O|[O]J]O|R

25 5x25 5
o) R
179 Mod(179/7)=4  t(d)=5x 25
+ Min{4,5} = 129 5 4
1|2(3|4|5|6|7|8]|9]10|11|12[13]|14]|15(16{17| ------rmemeeemeaneev 174|175(176|177|178[179
o|olo|o|o|r|R|o|o|O|0|0O|R|R[0|0O|O | --mrmmrmeememmemeeee R|R|Oo|O|O]|O
25 5x25 4
o R

Max{ my,my,...,m} xf
f(d)
( ) [Max{my,m,....m}xff(d) |
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12

My

n(l)

Mg

ms

my

ms

m =

Mo= My =Me=2 mg=nm=0

Max{[ 20/101,2}

=2

12

11

10

=2

Myo= M=y

My

=Me=Nt=1 NE=My=Ms=Ng=

M=

n(l) = Max{[ 20/101,2}

=2

12

11

10

m;

12

n(u) = [2x7/5] = 3

12

11

10
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182 7

n=Max{[ 728/1301,4} 5 4x7/5|=6
n(g)=Max{[ 182/1301,1} [ 1x7/5]=2

n-n(g)=6-2=4

Browne (2000)

Min i

i=1

(§X1+o.+v(d)j 1"[zxj+o.+v(d))

j=1 Ni=1\_j=1

>

i=1

(ia Xij +v(e)i )_nl— (Ze, X.J+v(e)j

j=1 j=1

M:

+

(ix.,+o.+v(d)+§;a X.J+v(e)j—n (Z)(.,+o+v(d)+2a )Qj+v(e)j

i=1|\_j=1 j=1
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+znlp_WXij+1— Xij (5)
i-1j-1
Zn:Xij =m for all j (6)
%g.szm(g),- for all j @)
TUx < f(d)  a=ltopf+l for alli )
j=a
YX<p(d)  foralli 9)
=1
Xi —{(1’ for all i (10)
©) Iy Xij + 0+ v(d)i
(
) i
©)
(Mean Absolute Deviation, MAD)
) §
§=1 i §=0 P16 Xi + Vv(e)i
)
®)
)

Xij+1-Xij [
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(Xij+1=X;=1) (Xij+1=X;;=0) Xij1-Xj 0
Xij+1  Xjj 1 0
Xi1-Xy 1
(6)
)
g
g=1 i g=0 g - X
| J Ji- Xijzlxlzl
j
j gi - X=0x1=0 g -
Xij:1><O:O Oi 'XiJ:OXO:O j j
m(g);
(8)
7 2 7
5 a 7
5 ©)
p(d) = f(d) x Lp/f]+ Min{Mod(p/f), f(d)} (12)
t(d)

()

Min (A +B)+ 3 (Ai+B1)+ 3 (A +

i=1 i=1 i=1

B"i)+ Zn: pz_:l(A’”ij i Bmij) (12)

i=1j=1
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A-Bi= [Zp:Xij + Oi +V(d)i)—i2(i Xij + O +V(d)i] for all i (13)
j=1

i=1\_j=1

Ai—B'i =(§a - Xij +V(e)ij—1i(zp:a - Xij +V(e)i) for all i (14)
=i

Ni=1\_j=1
p p 1nfp p
Ai-Bi :(ZXJ' +a+vd)i+>8- X +v(e)ij— YXi+a+vd)i+>8- X +v(e)i)
j=1 = Ni=1\ j= =1
for all i (15)
A" —B"ij= Xij+1— X for alliandj=1top-1 (16)
Zn: Xij=m for all j (17)
i-1
S G- Xi>m(g); for all | (18)
i-1
a+f-1
> Xi<f(d) a=1top-f+1, for all i (19)
j=a
Zp‘, Xij < p(d) for all i (20)
i1
Xij - {‘1’ for all i] (21)
Xii=0 (22)

O



124

92 9

Min 33 5 Wi X+ S

i=1j=1k=1 i=1

+8 +Zn: pz_:lzslp(ij F1k— Xijk|

i-1 j=1k=1

S

> Xijk = Xij for all i]
k=1

n -
> Xijk = Mik for all j,k
i-1

n

> g Xik>m(g) ik for all j,k
=

a+ZH§ hik - Xijk < f (h) a=ltop-f+l for all

j=a k=1

(Zp:kZS:ij' Xjk+V(\N)ij—iZn:(i§ij- Xjk+V(\N)i)
j=lk=1 i=1\ j=1k=1

(23)

(24)

(25)

(26)

(27)
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Zihjk' Xijk < p(h) for all i (28)
ik
s b+q(s)-s

> Xik+ Y. Xij+1k<1 b=sq(9)+1tos, for all i and j=1to p-1(29)
k=b k=1

S

Xijr1 k- Xijk

p
>3 Wik - Xik +V(W)i < S for all i (30)
j=1k=1
Xiji - {2 for all ij,k (31)
(23) i
k Wijk 0 Wijk 1
2 3 4. Wijk - Xijk i j k
Wijk 1= Wiji
Wijk - 0=0
(23)
201 D kea Wik - Xijk + V(W) i
(23)
(23)
(30)
(23)
(24)
i

(25)

(26)
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(27)
44 7 44
a 7 44 (28)
p(h) = f(h) x Lp/f] + Min{Mod(p/f) x 24, f(h)} (32)
t(d)
24
24
(29) q
j b q(s)+1
1<q(s)<s q(s) 0
g(s)<s
(30)
B B
B

Min ZZZWJK XJK+Z(A(K)I +B(K)i )+ﬂ+ZZZ(A(K)uk+ B(K)ix) (33)

i=1 j=1k=1 i=1 j=1k=1

AK) ~B(K) = (zmk x]k+v(w)j— (zmk x,k+v(w)j for all i (34

j=lk=1 Ni=1\ j=lk=1

A (K)ix — B'(K)ik = Xij + 1,k — Xk~ for all i,k and j=1to p-1 (35)
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2.

stll)ij = Xi for all i,j (36)
é)@;k = Mk for all j k (37)
> Xz m(g)k for all j k @)
ai_lghjk' Xij < f () a=1to p-f+1, for all i (39)
=

12121 jk - Xik < p(h) for all i (40)

S b+q(s)-s
> Xik+ > Xij+1k<1 b=sq(s)+1tos, for all i and j=1to p-1 (41)
k=b k=1

Zp:ZS:VVljk - Xik+v(w)i < g for all i (42)

j=1k=1

Xijk - {2 for all ij,k (43)
(23) (30)

>y (z X+ V(k)lkj 2 (z X+ v(k).kj (44)

k=1i=1|\_j=1 Ni=1\_j=1

> Xijk 4+ V(K)i i K
k k

(29)
(overlapping)
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Zi:{[24— (h(s) ik + hjk)]' ik} + I(Zi:l(l’l(s)j c1k- Xij +16) > g(h)

for all i and j=1top-1 (45)
i ] k Xijk:1 h(S)jk+hjk
24-(h(s)j*hy)
k ( k j k
) Xijr1 k=1 h(S)j+1k
qch) (
Xii=0  Xjj+14=0)
24X(1-Xijk)+24x(l- Xij+l,k) (46)
i J k Xijk:0 24
24 j+1 24
1<q(h)<24 (29

ZS: {[24 - (h(S) ik + hjk)]- Xijk}+ 24 - (1— Xijk) + Zﬁ: (h(S)j +1 k- Xij +1, k)

+24-(1— Xj+1x) > q(h) for all i and j=1top-1 (47)
20
8% 20% 40% 7%
2 1 30 15 30

15 9
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14% 8
182 26
[ ((20 %
8% x (2 + 0.5) + 20 x 20% x (1 + 0.5) + 20 x 40% x (0.5 + 0.5) + 20 x 7% x (0.25
+0.5) ) +15) x (1 + 14%) / 8]1=[38.817/8]=5 [((20

x 8% x (2 + 0.5) + 20 x 20% x (1 + 0.5) + 20 x 40% x (0.5 + 0.5) + 20 x 7% x
(0.25+0.5)) +8) x (1L +14%) / 8]=[30.837/81=4

5x26=130 Max{[ ((5%2)+(4x5))x26}/1301,5} = 6
[5x7/51=7 A B CD
EF 6
Max{[ (7x26)/1301,1} =2 [1x7/51=2
2 4
2 14
Lindo
1.
2 B C
( ) A
E 4 B CD F E
2
3 A CD E B
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C

11 12

E
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(
25 Xij [0 v(d), 2016 Xi |v(e)
A* |OOOROOR|OOOROOR| 10 |0| 0 | 10 2 0 2 12 7
B* |[ORROOOO|ORRO0OO| 10 [0 0 | 10 4 0 4 14 4
C |[0OrRROOO|OORROOO| 10 [0 0 | 10 4 0 4 14 4
D [ROOOOOR|ROOOOOR| 10 |0| 0 | 10 2 0 2 12 4
E |00OORRO|0OOORRO| 10 |0| 0 | 10 2 0 2 12 4
F |000OORRO|0OOORRO| 10 |0| 0 | 10 2 0 2 12 4
0(MAD) 5.33(MAD)|5.33(MAD)| 27(%)
* (0] R
( )
1 2 3 4 5 6 7 8 9 10 (11 | 12 | 13 | 14
A* 102 1102 | 120|102 | 210|012 | 021 | 201 | 102 | 201 | 120 | 120 | 012 | 201
B* 012 {021 (201 [ 210 [ 021 [ 201 [ 012 | 201 | 210 | 201 | 201 | 102 | 021 | 021
C 012 (012 [ 012 [ 102 [ 201 [ 120 [ 021 | 120 | 201 | 210 { 012 | 021 | 210 | 210
D 102 1201|1012 1201120021 | 120|120 | 210|102 | 201 | 012 | 120 | 102
E 120 (120|120 | 120 ( 012 | 120 | 012 [ 120 | 201 | 012 [ 021 | 120 | 120 | 210
F 120 |1 120 | 102 | 021 | 120 | 210 | 012 | 210 | 120 | 201 | 012 | 210 | 210 | 120
102 1 0 2
(
251k Wik - Xk |v(w)
A* | 111R11IR |111R11R 11 0 11 7
B* | 1RR1111 |1RR1111 9 0 9 4
C 22RR222 |22RR333 9 0 9 4
D R12233R [R12222R 9 0 9 10
E 3333RR3 |3333RR2 7 0 7 4
F 1111RR1 [1111RR1 9 0 9 4
54(5) 4MAD) 11B) | 29(5)
1 2 3 R
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( )
11 Xij |ofv(d) 2518 - Xi |v(e),
A* |JORROOOO|(ORROOOO 10 0| O 10 4 0 4 14 4
B* |OOOOORR|OO0OO0OORR 10 of O 10 0 2 2 12 3
C [ROOOOOR|(ROOOOOR 10 of 0 10 2 2 4 14 4
D |OOORROO|OOORROO 10 of O 10 4 0 4 14 4
E |OORROOO|OORROOO 10 of O 10 4 0 4 14 4
F [OOOORRO[OOOORRO 10 of O 10 2 0 2 12 4
0(MAD) 5.33(MAD)[5.33(MAD)| 23(2)
* e} R
( )

A* 102 |1 120 {012 | 021 | 201 | 201 | 201 [ 021 | 102 | 201 | 201 | 102 | 201 | 210

B* 210 (012|102 | 201 | 120 | 120 | 012 | 120 | 210 | 201 | 210 | 102 | 021 | 102

021 | 102 | 120 | 102 | 210 | 120 | 120 | 210 | 102 | 201 | 201 | 201 | 021 | 120

012 | 012 | 201 | 210 | 120 | 021 | 120 | 102 | 120 [ 012 | 201 | 210 | 201 | 210

C
D 012|102 | 201|102 | 201|120 | 201|210 |201|210 102|120 |012 | 102
E
F

021 (012|021 |201| 120|201 (210 012|201 (210|120 201 (012|102

102 1 0 2
( )
Z?leﬁ:l\Mjk'X”k v(w);

A* | 2RR1111 |1RR1111 13 4 17 4
B* | 11122RR [11122RR 11 2 13 7
C | R23333R [R11111R 9 2 11 6
D | 112RR22 |222RR22 6 2 8 6
E | 33RR111 |11RR333 9 0 9 4
F | 1111RR3 |3333RR1 6 2 8 4

54(2) 16(MAD) 17(B) | 31(2)

1 2 3 R
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( )
>0 Xij [o)|v(d) 2016 - Xi |ve)
A*|OOORROO|OOORROO| 10 [2] 0 12 4 2| 6 18 4
B*|ORROOOO|ORROO0O| 10 |0f 0 10 4 o| 4 14 4
C|ROOOOOR|ROOOOOR| 10 |0f 0 10 2 2| a4 14 4
D [00OORRO|[0OOORRO| 10 [0] 0O 10 2 2| a4 14 4
E |000OORR|0000ORR| 10 |0] O 10 0 2| 2 12 3
F |0OORROOO|0ORROOO| 10 0] O 10 4 o| 4 14 4
3.33(MAD) 4(MAD)|7.33(MAD)|23(x)
* o) R
( )
1|2 |(3|4|5 |6 | 7|89 |10]|11|12]13] 14
A* 210|120 | 120|210 | 102|201 | 012 | 102 | 102 | 021 | 120 | 012 | 102 | 201
B* |102|201|120 |201|012|201 | 210|102 | 120|012 |102 | 201|012 | 120
C | 201|210|120 021|120 (102 |120|012 |201 | 210|201 | 120 | 102 | 021
D 102 | 021 {201 | 120 | 201 | 210 | 012 | 201 | 210 | 021 | 201 | 012 | 021 | 021
E |012|102|102 | 120|120 | 201 | 201 | 201 | 120 | 201 | 102 | 210 | 102 | 021
F 210|021 | 201 | 201 | 201 | 021 | 102 | 201 | 201 | 102 | 021 | 210 | 210 | 210
210 2 1 0
( )
Z?leﬁ:l\Mjk' Xijk [ v(w);
A* | 111RR11 |111RR22 8 7 15 4
B* | 2RR1122 |2RR1111 7 5 12 6
C | R11111R |R23333R 8 3 11 6
D | 3333RR1 |1111RR1 10 0 10 4
E | 12222RR |11222RR 8 3 11 7
F | 11RR333 [33RR113 12 0 12 6
53(2) 7(MAD) 15(B) | 33(3)
1 2 3 R
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(weight) (priority)
©)
zn: zp:ihjk' Xijk + 8- 0i +V(h)ij —izn:(zp: zs:hjk' Xijk + 8- 0i +V(h)ij (48)
i1\ jlk=1 EGEr=]
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2001 587-593

2001

1990

“ ” 1992 65-70

1999

563-570

1999

1998
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2000
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An Integrated Model of Nurse Staffing and
Scheduling

Ronc-Hwa HUANG, CHiH-Hao TSAI

Graduate School of Management, Fu-Jen Catholic University

ABSTRACT

Nursing has 24-hour works a day, except for that a hospital shut down. Thus nurse scheduling has to meet
workforce demand as well as satisfy labor laws related to nurses and operating policy in a hospital.
Nevertheless, there are no researches to consider this area, they just presented nursing staffing and scheduling
separately. In practice, the staffing is closely related to the scheduling, so the integrated staffing and
scheduling system should be discussed. In this paper, we point out nurse staffing firstly, and develop an
algorithm to find the best staffing range at both minimizing the cost and satisfying the workforce demand. And
we build up a mathematical programming model that enables nurses to enhance the work satisfaction as the
main goal, then find out the best day-off policy and a rotating schedule. The experimental results show that the
models developed in this paper can solve staffing and scheduling problems fast and efficiently.

Keywords: nurse staffing, nurse scheduling, mathematical programming
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