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x@vW
m}

x@vW xatH x@vW
GvB
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14 13 12 11 10 9 8 7 6 5 4 3 2 1
80 N - N E - N - N E M - N E M 1

Q=DUQB
80 N E E - N E E - N - N - N E 2
80 E E - N E - N E - N E E - E 3
80 M M - M M M - M M - M M M � 4
80 - N M E - E M M - E M M - N 5
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j=1
(tmxi;j + teyi;j + tnzi;j) � L i = 1; 2; : : : ; N (8)

TX
j=1

(tmxi;j + teyi;j + tnzi;j) � U i = 1; 2; : : : ; N (9)

xi;j + yi;j + zi;j + wi;j = 1 i = 1; 2; : : : ; N; j = 1; 2; : : : ; T
(10)

zi;j � wi;j+1 i = 1; 2; : : : ; N; j = 1; 2; : : : ; T � 1 (11)

wi;j + wi;j+1 + wi;j+2 + wi;j+3 � 1 i = 1; 2; : : : ; N;
j = 1; 2; : : : ; T � 3 (12)

xi;j ; yi;j ; zi;j ; wi;j 2 f0; 1g ; �i � 0 i = 1; 2; : : : ; N;
j = 1; 2; : : : ; T (13)
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|x]@=Q x@ xHwD =@ u}vJty "Ow@ Ovy=wN p}]aD Oa@ RwQ 'Ovvm Q=m ?W Ci}W QO

"Ovvm Q=m Ovv=wD|t |r=wDt |Q=m RwQ xU QFm =OL u=Q=DUQB 12

|D=@U=Lt G}=Dv "4
"OwW|t x�=Q= xOW O=yvW}B |R=i pOt x@ \w@ Qt |D=@U=Lt G}=Dv VN@ u}= QO
pL xOW x�=Q= |R=i pOt \UwD w CU= xOW O}rwD xvwtv |xr�Ut 8 Qw_vtu}O@
Oq}t u=DUQ=t}@ QO xOW xOy=Wt |=yC}OwOLt w C=[wQit x@ xHwD =@ "OvwW|t
'14 u}at Q}O=kt =@ Q@=Q@ ?}DQDx@ tn w te 'tm 'U 'L 'T |=yQDt=Q=B Q=Okt 'u=QyD
CN=wvm} `} RwD R= xvwtv p�=Ut QO =yQDt=Q=B Q}=U O}rwD |=Q@ "CU= 8 w 8 '8 '80 '60
"CU= xOW x�=Q= 4 pwOH QO =yQDt=Q=B O}rwD |xvt=O "CU= xOW xO=iDU= 16xDUUo
l} |wQ Q@ CPLEX Q=Ri=sQv 12 |xNUv xOW O}rwD |xvwtv p�=Ut pL |=Q@
"CU= xOW xDiQo Q=mx@ Core� i5 1 8 GHz CPU 4 GB RAM |xv=}=Q
u=Wv 5 pwOH QO xOW x�=Q= |R=i pOt \UwD xvwtv p�=Ut pL R= pY=L G}=Dv

"CU= xOW xO=O
xvwtv p�=Ut CLD |R=i pOt x@ \w@ Qt hOy `@=D |xv}y@ Q}O=kt '5 pwOH QO
QO xi}_w s=Hv= |=Q@ u=Q=DUQB C=L}HQD u}ov=}t u}vJty "CU= xOt; xOW O}rwD
QO R}v |R} Qxt=vQ@ |xQwO pw] QO =yv; x@ xOW xO=O X}YND |Q=m |=yCi}W

"xvwtv p�=Ut QO =yQDt=Q=B O}rwD |xvt=O "4 pwOH
O}rwD |xvt=O QDt=Q=B

�1w40� N

�1w10� qm; qe; qn

�1w3� rm; rei ; r
n
i

Q}e QO w 1 =@ Q@=Q@ Q}eDt u}= Q=Okt 'OW=@ i Q=DUQB |Q=mQ}e RwQ j RwQ Qo = %Wi;j

&CU= QiY =@ Q@=Q@ CQwYu}=
w 1 =@ Q@=Q@ Q}eDt u}= Q=Okt 'Ovm Q=m K@Y Ci}W QO i Q=DUQB j RwQ QO Qo = %xi;j

&CU= QiY =@ Q@=Q@ CQwYu}= Q}e QO
QO w 1 =@ Q@=Q@ Q}eDt u}= Q=Okt 'Ovm Q=m QYa Ci}W QO i Q=DUQB j RwQ QO Qo = %yi;j

&CU= QiY =@ Q@=Q@ CQwYu}= Q}e
QO w 1 =@ Q@=Q@ Q}eDt u}= Q=Okt 'Ovm Q=m ?W Ci}W QO i Q=DUQB j RwQ QO Qo = %zi;j

"CU= QiY =@ Q@=Q@ CQwYu}= Q}e
C=L}HQD pm |wQ Q@ C}a]k sOa j}kLD u}= QO 'OW xQ=W= xm Qw]u=ty
"CU= xOW xDiQo Q_v QO |R} Qxt=vQ@ |xQwO pw] QO |Q=m |=yCi}W |=Q@ u=Q=DUQB
xi}_w s=Hv= |=Q@ i Q=DUQB |xkqa p���m u=R}t x@ \w@ Qt C} w[a `@=D O}vm ZQi
�i O=tv =@ |Ov@u=tR |xQwO pw] QO |w x@ xOW xO=O X}YND |Q=m |=yCi}W QO
=@ Q@=Q@ ri =

TP
j=1

(rmixi;j + reiyi;j + rnizi;j) Kw[w x@ "OwW xO=O u=Wv
xO=O X}YND |Q=m |=yCi}W QO xi}_w s=Hv= |=Q@ i Q=DUQB C=L}HQD pm ẁtHt
?}DQDx@ rmax w rmin O}vm ZQi "CU= |Ov@u=tR |xQwO pw] QO |w x@ xOW
X}YND =@ Ov=wD|t Q=DUQB l} xm OvW=@ |L}HQD pm Q=Okt |xv}W}@ w xv}tm =@ Q@=Q@
xO=iDU= =@ CQwYu}= QO "OQw; CUOx@ |Ov@u=tR |xQwO pw] QO |Q=m |=yCi}W

%s} Q=O 15|FrFt |R=U|R=i VwQ R=

�i =

8>><>>:
1 if rmax � ri

ri�rmin
rmax�rmin if rmin � ri � rmax

0 if rmin � ri
(2)

|xQwO pw] QO Ov=wD|t Q=DUQB Qy 'xr�Ut |=yC}OwOLt w C=[wQit x@ xHwD =@
|=yCi}W O=OaD |xv}W}@ w xv}tm u}=Q@=v@ "Ovm Q=m Ca=U 80 =D 60 u}@ |R} Qxt=vQ@
8 =@ Q@=Q@ ?}DQDx@ |R} Qxt=vQ@ |xQwO pw] QO Q=DUQB l} x@ xOW xO=O X}YND
C=L}HQD x@ xOW xO=O X}YND Q}O=kt x@ xHwD =@ xH}Dv QO "Ow@ Ovy=wN 10 w
Q=DUQB l} xm |L}HQD pm Q=Okt |xv}W}@ w xv}tm '|Q=m |=yCi}W |=Q@ u=Q=DUQB
x@ 'OQw; CUO x@ |Ov@u=tR |xQwO pw] QO |Q=m |=yCi}W X}YND =@ Ov=wD|t

"CU= 10� 3 = 30 w 8� 1 = 8 =@ Q@=Q@ ?}DQD
OQwt |xr�Ut |R=i |R} Qxt=vQ@ pOt 'xOW x�=Q= C=L}[wD x@ xHwD =@ uwvm =

%OwW|t |Ov@pwtQi Q} R CQwYx@ u}ov=}t |R=i Qorta R= xO=iDU= =@ |UQQ@

Max Obj = 1
N

NX
i=1

�i (3)

%xm |Qw]x@
�i = 1

rmax � rmin
 

TX
j=1

(rmixi;j + reiyi;j + rnizi;j)� rmin
!

i = 1; 2; : : : ; N (4)
NX
i=1

xi;j � qm j = 1; 2; : : : ; T (5)

NX
i=1

yi;j � qe j = 1; 2; : : : ; T (6)

NX
i=1

zi;j � qn j = 1; 2; : : : ; T (7)
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"xOW O}rwD |xvwtv p�=Ut QO |R=i pOt pL u=tR "3 pmW
"xvwtv p�=Ut QO u=Q=DUQB |Di}W C=L}HQD "6 pwOH
OYQO |Di}W C=L}HQD O=OaD xr�Uth=QLv= u=Q=DUQB Q=DUQBxv}W}@ xv}tm

20 000 30 24 4 1
46 667 30 16 8 2
26 667 30 22 12 3
20 000 30 24 16 4
30 000 30 21 20 5
50 000 30 15 26 6
56 667 30 13 34 7
40 000 30 18 40 8
38 571 30 18 428 u}ov=}t

u=Q=DUQB \UwD xOt; CUO x@ |Di}W C=L}HQD Q=Okt |xv}W}@ w xv}tm "4 pmW
"xOW O}rwD |xvwtv p�=Ut QO

"CU= xOW x�=Q= 6 pwOH QO R}v xOt; CUO x@ G}=Dv u}ov=}t w u=Q=DUQB |Di}W
QO u=Q=DUQB \UwD xOt; CUO x@ |Di}W C=L}HQD Q=Okt |xv}W}@ w xv}tm
w 4 |=ypmW QO ?}DQD x@ Q}O=kt u}= h=QLv= OYQO w xOW O}rwD |xvwtv p�=Ut

"Ov=xOW xO=O u=Wv 5
|=yCi}W |=Q@ u=Q=DUQB C=L}HQD Q}O=kt x@ xHwD =@ xm OW QmP 3 VN@ QO
X}YND =@ Ov=wD|t Q=DUQB l} xm |L}HQD pm Q=Okt |xv}W}@ w xv}tm '|Q=m
w 8 =@ Q@=Q@ ?}DQD x@ 'OQw; CUO x@ |Ov@u=tR |xQwO pw] QO |Q=m |=yCi}W

"xvwtv p�=Ut |=Q@ |R=i pOt R= pY=L G}=Dv "5 pwOH
u=tR u}ov=}t `@=D O=OaD xr�UtpL C=L}HQD hOy Q=DUQB�x}v=F� u=Q=DUQB |R=i
13 27 500 0 886 4 1
9 22 500 0 659 8 2
24 28 417 0 928 12 3
35 23 625 0 710 16 4
37 22 900 0 677 20 5
41 22 885 0 677 26 6
52 23 382 0 699 34 7
69 23 800 0 718 40 8

"xvwtv p�=Ut QO |R=i pOt hOy `@=D |xv}y@ Q}O=kt "1 pmW

p�=Ut CLD |Q=m |=yCi}W |=Q@ u=Q=DUQB C=L}HQD u}ov=}t Q}O=kt "2 pmW
"xOW O}rwD |xvwtv

QO R}v xOW O}rwD |xvwtv p�=Ut R= s=Om Qy pL u=tR "CU= xOW x@U=Lt 5 pwOH
w 2 '1 |=ypmW QO ?}DQDx@ Q}O=kt u}= "CU= xOW XNWt 5 pwOH QN; uwDU

"Ov=xOW xO=O u=Wv 3
uOW QDnQR@ w u=Q=DUQB O=OaD V}=Ri= =@ xm CU= |y}O@ 3 pmW x@ xHwD =@

"Ci=} Oy=wN V}=Ri= R}v xOW x�=Q= |R=i pOt pL u=tR 'xr�Ut O=a@=
Q_vt R= xOW x�=Q= |R=i pOt R= xOt; CUO x@ |=y?=wH C}i}m |UQQ@ |=Q@
xOt; CUO x@ |Di}W C=L}HQD Q=Okt |xv}W}@ w xv}tm 'u=Q=DUQB |Di}W C=L}HQD
u=Wv 6 pwOH QO G}=Dv "OvOW u}}aD xOW O}rwD |xvwtv p�=Ut QO u=Q=DUQB \UwD
C=L}HQD |xv}W}@ w xv}tm Q}O=kt x@ \w@ Qt h=QLv= OYQO 'u}vJty "Ov=xOW xO=O
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"3 |xvwtv |xr�Ut QO u=Q=DUQB |Di}W C=L}HQD Q=Okt "6 pmW

"OvDUy ?W Ci}W QO xi}_w s=Hv= x@ p}=t 12 w 11 '8 '2 '1 u=Q=DUQB w QYa
QO 3 xvwtv |xr�Ut |=Q@ |O=yvW}B |R=i pOt R= xOt; CUO x@ |xv}y@ ?=wH

"CU= xOW xO=O u=Wv 8 pwOH
QO |=yC}OwOLt w C=[wQit s=tD 'xOt; CUO x@ |xv}y@ ?=wH x@ xHwD =@
R=}v OQwt u=Q=DUQB O=OaD "Ov=xOW xOQw;Q@ |UQQ@ OQwt |xr�Ut QO xOW xDiQo Q_v
|Q=m C=a=U "Ov=xOW xO=O VWwB RwQ Qy ?W w QYa 'K@Y |=yCi}W |=Q@
C=L}HQD u}vJty "CU= xOWv Zkv R}v |Ov@u=tR |xQwO pw] QO u=Q=DUQB R=Ht
QO umtt OL =D R}v =yv; x@ xOW xO=O X}YND |Q=m |=yCi}W |=Q@ u=Q=DUQB
12 w 10 '7 '5 '3 u=Q=DUQB `k=w QO "CU= xOW xDiQo Q_v QO xOW x�=Q= |Ov@u=tR
s=Hv= x@ p}=t 11 w 9 '8 '6 '4 u=Q=DUQB 'K@Y Ci}W QO xi}_w s=Hv= x@ p}=t
Ci}W QO xi}_w s=Hv= x@ p}=t 12w 11 '8 '2 '1 u=Q=DUQB w QYa Ci}W QO xi}_w
7 Q=DUQB '7 pwOH QO xOW x�=Q= |=yQDt=Q=B Q}O=kt x@ xHwD =@ p=Ft |=Q@ "OvDUy ?W
x�=Q= |xv}y@ ?=wH =@ j@=]t w Ovm Q=m K@Y Ci}W QO umtt OL =D CU= p}=t
s=Hv= K@Y Ci}W QO \ki |Ov@u=tR |xQwO pw] QO Q=DUQB u}= 8 pwOH QO xOW

"Ovm|t xi}_w
R= s=Om Qy |=Q@ |R=i pOt \UwD xOW u}}aD |Di}W C=L}HQD pm Q=Okt
x@ xHwD =@ "CU= xOW xO=O u=Wv 6 pmW QO R}v 3 |xvwtv |xr�Ut QO u=Q=DUQB
C=L}HQD Q=Okt u} QDW}@ 5 w 3 '2 '1 u=Q=DUQB RH x@ u=Q=DUQB |xty 6 pmW

"Ov=xOQw; CUO x@ =Q umtt |Di}W

|Q}oxH}Dv "5
pm |R=Uxv}W}@ hOy =@ u=Q=DUQB |Q=m |=yCi}W |Ov@u=tR |xr�Ut xr=kt u}= QO
|xQwO pw] QO =yv; x@ xOW xO=OX}YND |Q=m |=yCi}W |=Q@ u=Q=DUQB C=L}HQD
QO C}a]k sOa |UQQ@ |=Q@ |R=i pOt l} R= u}vJty "OW |UQQ@ |R} Qxt=vQ@
|=yCi}W |=Q@ u=Q=DUQB C=L}HQD |wQ Q@C}a]k sOa u; QO xm OW xO=iDU= xr�Ut
xOW xDiQo Q_v QO |R} Qxt=vQ@ |xQwO pw] QO =yu; x@ xOW xO=O X}YND |Q=m
"OW xDiQo Q=mx@ u}ov=}t |R=i Qorta u=Q=DUQB C=L}HQD |R=U|R=i |=Q@ "CU=

xvwtv |xr�Ut u}OvJ xOW O=yvW}B |R=i pOt |}=Q=m |UQQ@ |=Q@ xt=O= QO
|=Q@ u=Q=DUQB |Di}W C=L}HQD w |R=i pOt hOy `@=D |xv}y@ Q}O=kt w OW O}rwD

"OW u}}aD =yv;
xv}tm 'xOW O=yvW}B |R=i pOt R= xOt; CUO x@ |=y?=wH C}i}m |@=} RQ= |=Q@
|xvwtv p�=Ut QO u=Q=DUQB \UwD xOt; CUO x@ |Di}W C=L}HQD Q=Okt |xv}W}@ w

"u=Q=DUQB C=L}HQD QO h=QLv= OYQO "5 pmW
"3 xvwtv |xr�Ut x@ \w@ Qt |=yQDt=Q=B "7 pwOH

Q=Okt
QDt=Q=BQ=DUQB

12 11 10 9 8 7 6 5 4 3 2 1
12 N

3 qm

3 qe

2 qn

3 1 3 2 1 3 1 3 1 3 1 1 rmi

1 3 1 3 3 1 3 1 3 1 1 1 rei

3 3 1 1 3 1 1 1 1 1 3 3 rni

|L}HQD pm Q=Okt QFm =OL xvwtv p�=Ut s=tD QO '6 pwOH x@ xHwD =@ "OvDUy 30
&CU= 30 =@ Q@=Q@ 'OQw; CUOx@ |Ov@u=tR |xQwO pw] QO Ov=wD|t Q=DUQB l} xm
u=Q=DUQB x@ =yCi}W X}YND |xwLv xvwtv p�=Ut R= s=Om Qy QO Qo}O CQ=@a x@
x@ =Q umtt |Di}W C=L}HQD Q=Okt |xv}W}@ u=Q=DUQB |NQ@ xm CU= xOw@ |}xvwox@
QO Ov=wD|t Q=DUQB l} xm |L}HQD pm Q=Okt |xv}tm xm|r=L QO "Ov=xOQw; CUO
u}ov=}t w CU= Cw=iDt hrDNt p�=Ut QO 'OQw; CUOx@ |Ov@u=tR |xQwO pw]
Q}O=kt x@ \w@ Qt h=QLv= u}ov=}t u}vJty "CU= xOw@ 18 428 =@ Q@=Q@ Q}O=kt u}=

"CU= OYQO 38 571 =@ Q@=Q@ R}v u=Q=DUQB |Di}W C=L}HQD |xv}W}@ w xv}tm
'CU= xOW xO=iDU= u}ov=}t |R=i Qorta R= j}kLD u}= QO xmu}= x@ xHwD =@
C=L}HQD |xv}W}@ w xv}tm x@ \w@ Qt h=QLv= OYQO xm CW=O Q=_Dv= u=wD|t
p=@vO x@ \ki u}ov=}t |R=i Qorta =Q} R &OvW=@ |yHwD p@=k Q}O=kt u=Q=DUQB |Di}W
|Di}W C=L}HQD x@ |yHwD wCU= u=Q=DUQB |Di}W C=L}HQD u}ov=}t |R=Uxv}W}@

"OQ=Ov u=Q=DUQB R= s=Om Qy
|xr�Ut '|O=yvW}B |R=i pOt R= xOt; CUO x@ |=y?=wH |UQQ@ |=Q@ uwvm =
"s} Q}o|t Q_v QO 'CU= |R=i pOt xv}y@ hOy `@=D Q=Okt u} QDW}@ |=Q=O xm =Q 3 xvwtv
QO xr�Ut u}= x@ \w@ Qt |=yQDt=Q=B Q}O=kt w CU= Q=DUQB 12 |=Q=O xr�Ut u}=
|=Q@ R=}v OQwt u=Q=DUQB O=OaD '=yQDt=Q=B Q}O=kt x@ xHwD =@ "Ov=xOW xYqN 7 pwOH
u}vJty "OvDUy Qiv 2 w 3 '3 =@ Q@=Q@ ?}DQDx@ RwQ Qy ?W w QYa 'K@Y |=yCi}W
s=Hv= x@ p}=t 12 w 10 '7 '5 '3 u=Q=DUQB '|Di}W C=L}HQD Q}O=kt x@ xHwD =@
Ci}W QO xi}_w s=Hv= x@ p}=t 11 w 9 '8 '6 '4 u=Q=DUQB 'K@Y Ci}W QO xi}_w
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Ovyt "3 xvwtv |xr�Ut |=Q@ |O=yvW}B |R=i pOt R= xOt; CUO x@ |xv}y@ ?=wH "8 pwOH

3 � RwQQy K@Y Ci}W QO R=}v OQwt u=Q=DUQB O=OaD
12 � u=Q=DUQB O=OaD3 � RwQQy QYa Ci}W QO R=}v OQwt u=Q=DUQB O=OaD

2 � RwQQy ?W Ci}W QO R=}v OQwt u=Q=DUQB O=OaD

|Q=m Ca=U pm
RwQ

xatH x@vW
GvB

x@vW
Q=yJ

x@vW
xU

x@vW
wO

x@vW
m}

x@vW xatH x@vW
GvB

x@vW
Q=yJ

x@vW
xU

x@vW
wO

x@vW
m}

x@vW

14 13 12 11 10 9 8 7 6 5 4 3 2 1
64 N - N - N - N - N E - N - N 1

Q=DUQB

64 N - N - N - N - N - N - N E 2
80 M M - M M M - M - N M M - M 3
80 E - E E - E E - E E E - E E 4
80 M M - N - M M M - M - M M M 5
80 - E E - E E - E E E - E E E 6
80 M - M M M - M M M - M M M � 7
80 E E - N E E - N E - N - N E 8
80 E E - E E - E E E - E E E � 9
80 M M M - M M M - M M M - - M 10
80 - N E E - N E E - N E E - N 11
80 - N M M - N - N M M - N M M 12

4 3 3 3 3 3 3 3 3 3 3 3 3 4 K@Y Ci}W
3 3 3 3 3 3 3 3 4 3 3 3 3 4 QYa
2 2 2 2 2 2 2 2 2 2 2 2 2 2 ?W

\w@ Qt h=QLv= u=R}t Vy=m |=Q@ 'Ovm|t xv}W}@ =Q C} w[a `@=wD Q=Okt |xv}tm xm
C=L}HQD u}= QO pO=aD O=H}= w u=Q=DUQB |Di}W C=L}HQD |xv}W}@ w xv}tm x@

"OQm xO=iDU=
xHwD =@ "OW |UQQ@ pt=m Qw]x@ xOW O}rwD |xvwtv p�=Ut R= |m} C}=yv QO
|=yC}OwOLt w C=[wQit s=tD 'xr�Ut u}= |=Q@ xOt; CUO x@ |xv}y@ ?=wH x@
|Q=m |=yCi}W |=Q@ R=}v OQwt u=Q=DUQB O=OaD "Ov=xOW xOQw;Q@ xOW xDiQo Q_v QO
|Ov@u=tR |xQwO pw] QO u=Q=DUQB R=Ht |Q=m C=a=U w xOW xO=O VWwB RwQ Qy
|Ov@u=tR QO umtt OL =D R}v u=Q=DUQB |Di}W C=L}HQD u}vJty "Ov=xOW xOQw;Q@
|q=@ C}i}m |xOvyOu=Wv xOW x�=Q= |Ov@u=tR "CU= xOW xDiQo Q_v QO xOW x�=Q=

"CU= |O=yvW}B |R=i pOt R= xOt; CUO x@ ?=wH

X}YND |xwLv xvwtv p�=Ut s=tD QO 'G}=Dv x@ xHwD =@ "OvOW u}}aD xOW O}rwD
C=L}HQD Q=Okt |xv}W}@ u=Q=DUQB |NQ@ xmCU= xOw@ |}xvwox@ u=Q=DUQB x@ =yCi}W
l} xm |L}HQD pm Q=Okt |xv}tm xm |r=L QO "Ov=xOQw; CUO x@ =Q umtt |Di}W
Cw=iDt hrDNt p�=Ut QO 'OQw; CUOx@ |Ov@u=tR |xQwO pw] QO Ov=wD|t Q=DUQB
u=Q=DUQB |Di}W C=L}HQD |xv}W}@ w xv}tm Q}O=kt x@ \w@ Qt h=QLv= u}ov=}t w Ow@

"CU= xOw@ OYQO 38 571 =@ Q@=Q@ R}v
C=L}HQD u}ov=}t |R=Uxv}W}@ p=@vO x@\ki u}ov=}t |R=i Qorta xm|}=Hu; R=
'OQ=Ov u=Q=DUQB R= s=Om Qy |Di}W C=L}HQD x@ |yHwD w CU= u=Q=DUQB |Di}W
|Di}W C=L}HQD |xv}W}@ w xv}tm x@ \w@ Qt h=QLv= OYQO xmCW=O Q=_Dv= u=wD|t
and |R=i Qorta R= u=wD|t xOv}; C=k}kLD QO "OvW=@ |yHwD p@=k Q}O=kt u=Q=DUQB

=yCWwv=B
1. nurse scheduling problem (NSP)
2. exact methods
3. two-stage mathematical programming models
4. nurses' preferences
5. goal programming method
6. lagrangian relaxation method
7. branch and price method

8. heuristic and meta-heuristic algorithms
9. tabu-search algorithm
10. ant colony optimization algorithm
11. simulated annealing algorithm
12. fuzzy approach
13. averaging fuzzy operator
14. membership functions
15. triangular fuzzi�cation approach
16. discrete uniform (DU) distribution
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