Math Heuristic Algorithm for

Nurse Scheduling Problem

(2023 28t7| Logistic Lab HE09)

2024.02.25
Azas Aol
dE Ashs

1)
2
Pal
P!
rlo
H



1.

TET HHZ ... esssss s sessssss st

=
[

2.

-1

..14



1. IpA| HiF

O ZA Scheduleg HMSdt= ZilE

1
Kd

A

%
Ef= 31 CH(Day, Evening, Night)O|H

= JHSt= aNolt. oy ¥

KID

x|
S

i I o=
[

ICt o =0 &5

xH 8l

ol

Pl
ojn
~

7| =30l DataE 7|
7t @4+& (1) L0OtLt constraintsS 2|EHs}

o At E

=
[

P

Xl %20 objective scoreE &O0|=X|, 2) 7| 2d 2AHE0 H|S| &2 A|ZtO] HOL} Ch=E|=

x| oftt.

(e
=



2. 2H deo

MX, feasible solution2 BFEA| ZHEE[O{OF St= A
solutionO|Ck 7+& oF ZtS A7 NS 42 A

EZFE o 220l D shift7t @A EICHH Zt2Ats 2% FAS
2ot HiX|7} £|0{AM= o+ EICt o|H FRF2| HIEA| BHEE[0{OfF =
SHCE. (table 5)

Feasible solution2 O 7}X[7} EXSHA El=0 1 Schedules= &

HS0| O Mzz7h FHFEtEICh M2 2= O8] objective functionsE

A

Z2E 2|3t milestone2 F7FX|2 HX feasible solution® &= Z, 0|F costE %A}
o
=

B E constraintsS SHESH=
¢o

S A= ATt ETH NO|Lt
LR Z5HA =0 2L O

XHEE constraintsZ2 2&%

o DYEO| el Zte ARSIt

Lo AthE & RALE Of

A2 3% 277t N/O/D, N/O/EQ! TjEHQl Z2= HEXO=Z 7t ARSO| 7|H|Ste IjEOIL . O

oot I{EHO| SO{Zt 2HE2 LHE 2HZELE FX 2 2HFO0|ER costE F7eHCh OfH

I'

Fol, BIEA= OFEX|Y Z|ast 22 Z(Ue7t st 27 MEHSES

=
(table 4)

=
I_O

S objectivesZ EFtCE

Ol XM= constraintsE = FE|AE YNE|F2Z, objectivesE randomnessE L5+

LOolX|= o2 AAESHOl HZE 3o}

Shift assignment
heuristic

Load Informations

Satisfying all
(hard) constraints?

Figure 1. Algorithm for main stream

Find cost-reduced
schedule

Last iteration?

Selected answer



(fig 2)QF Zt0| Mol %2 U7 HYX| Z:f 2t ZtS ALY
Q [

27} csv THAOIA input2 2 FO{ZEICH

1o
0
1

1}
fo
Hu
e,
rir

—
. —_— o o
2t ZEAS] £ Q7 FORICE 2 MY o EHE =0 HOUe ST =Ho|
— — o == — P - —l /= — = A o =2—
. o . —
A ol._'— 7-|O||:|. Elx-” 0H7=l_° OlOH 7|-II- I:HX-I L csv u_I.OI_O OI_Tl_ ara eterol I ES
o = A L =2 o - [ =2 21 I — HA==
- o
Ho| Haslrt
o = .
¥s5 SZA=RLHTHE 202307 2410 25 26 27 28 29 30 1 2 3 4 5 6 7
=4 Al 3 AK] 18T ORINYCYMEOISXEZLZAD E N o 2 2 E] = = 3 £ 2 2 E] = = 2 £
1 753] H EA 22 0 o D D D A D o o D D D D H o
2 1123 3 uEA 17/ 0 o D D D D D M4 o D D D D D M4
3 1665 E UEA 13 1 8N o o D D E RN
4 1762 2 UEA 12/ 1 0 8E E E o E E RO RO
5 1923 R " 1 12/ 8D D o N N N RD RD RD RD RD
6 2016 ® UEA 10 1 8H E E E E o RO RO H
7 4269| 2 U:A 10 2] A 13 9 9 9 9 9 9
8 2382 3t EA 8 1 8E N N o o D RO RO
El 2842 S UEA 7 0 R R R R R R R R R R R R R R
10 3221 [P ZEA 6 2] 8D H H o N N RO RE
11 3233 g UEA 6 2] 8E N N N o E
12 3234 2 UEA 6 2] 9D D D E E o RO
13, 3893 b TEA 6 2 9N e} e} D D D
14 4008 BN 4 3 9H D D N N N
15, 4746 BN 4 3 9D E E E E o
16 4745 BN 4 3 9E E e} o D D
17 4136 BN 3 4 90 e} H H N N RO RO
18 4143 BN 3 4 90 N N N H H RO RO
19, 4147 BN 3 4 9N e} e} D D E RO
20 4157, BN 3 4 9E E E E e} D RD RO
21 4397 BN 2 H 9N e} e} D D D
22 4404 BN 2 H 9H N N e} E E H
23 4426 LEA 2 H 9E E E E e} E
24 4413 BN 2 H 9H E E N N o RO RO
25, 4447 BN 2 H 9E e} D E E N
26 4523 BN 2 H 9D D D D e} o RO RO RE RE
27 487 BN 1 6 9D N N e} H H H H
28 479 3 ZEA 1 6 9E E e} N N N
29 4832 TEAH 1 6 9D D D D D o
30 4800 3 EL 1 6 9E E E o o D RO RD
31 4903, EL 1 6 9N N N o o E RO RE RO H

NSPE MIPE Ho|8}

[Table 1] Indices

o- K=X
=)

Figure 2. csv input example

[, Ct2 Indices, Parameter, Decision VariableO| AFZL|RULCE.

nE
Bt
[l

=

ne
+

o rp
on Ho

Tuot

S
fot

0 0 e

fl

rr mu

OF

_

-

-
~

oo

ol

Nt

=

day index (1, 2, ..., D)
shift index (1 = Day, 2 = Evening, 3 = Night)
nurse index (1, 2, ..., N)

group index (1, 2, ..., G)




[Table 2] Parameter

R number of required nurse in shift s on day d

1, if nurse n is pre assigned in shift s on day d

Pdsn . . .
(including 6 previous month days); 0, o/w
PO 1, if nurse n is pre assigned in off on day d
an (including 6 previous month days); 0, o/w
1, if nurse n is not to be assigned in shift s on day d;
stn
0, o/w
Oun 1, if nurse n is pre assigned to off-day on day d
Agn Maximum days for shift s of nurse n
E, target off days for nurse n
E, Group index of nurse n
Sy set of nurses whose group index is g
T set of nurses of training
C set of pregnant nurses (having child)
H, helper of trainee nurse t
W; weight factors (i=1, 2, 3, ..., 7)
N, 1, if nurse n is night-duty only; 0, o/w




[Table 3] Decision Variable

Xgsn 1, if nurse n is assigned to day d, shift s; 0, o/w

Yasg 1, if nurse(s) from group g is assigned to day d, shift s; 0, o/w (continuous)
Oun 1, if nurse n is off on day d; 0, o/w

n E, — off days of n

1, if three consecutive shifts s are assigned to nurse n on

B3 . ,
don starting day d; 0, o/w (continuous)
84 1, if four consecutive same shifts are assigned to nurse n on
an starting day d; 0, o/w (continuous)
1, if NOD pattern of nurse n is start on day d; 0, o/w
VNOan .
(continuous)
1, if NOE pattern of nurse n is start on day d; 0, o/w
yNOEdn .
(continuous)
s 1, if both trainee t and his/her helper are assigned into shift s
dst

on day d; 0, o/w (continuous)

[Table 4] Objects

Min W, Y, a, (1) the off day target deviation

Min Wy ¥ 455 >0 YNOD 4, (2) NOD pattern

Min W3 Y 455 >n YNOE4, (3) NOE pattern

Max Wy Y as7 25 2t Odst (4) same shift of trainee and helper

Max WsXas7Xs Xg Vasg (5) number of groups assigned

Max Wg Y ass s 2n B3dsn (6) three consecutive same shift assignment
Min W5 Y gs4 2 B4an (7) four consecutive same shift assignment




[Table 5] Constraints

Exdsn = de, vd = 7, S

n

Zxdsn =1—-04p,Vd =1, n

N

a, = F, —Zodn,‘v’n
d=7

a,=0, vnecC
xd+1,3,n + 0d+1,n = xd,3,nr vd = 6: n

Xas11m S 1= Xg2n — Xg3n Vd =6, 1

d+6
ZoanL vd=>1,n

m=d
d+4

Zxdsns4, vd>1,n,s
m=d
6dst = Xgst + Xd,s,Hy — 1L,vd>7,ts

6dst < Xdst) vd = 7, t,s

6d$t < xd'S'Ht, vd > 7, t,s

VNOan = xd,3,n + 0d+1,n + xd+2,1,n - 2: vd

>5n

}/NOan < Xd,3n vd > 5, n
YNODg, < 04419, Vd =5, n

YNODgy < Xg421n, Vd 25,1

VNOEdn = Xd,3n + Od+1n + Xd+22n — 2' vd

>5n

]/NOEdn < xd,3,n, vd > 5, n
]/NOEdn S 0d+1,7’l’ Vd 2 5, TL

YNOE;, < Xg422n, Vd =5, 1

(8) Nurse number requirement

(9) If a nurse off day, no assignment;
otherwise, one shift

(10) Positive deviation from off days target

(11) Pregnant nurse off days

(12) After night shift, one more night shift or
a off day

(13) After evening or night shift, day shift is
not possible (No E or N = D)

(14) Cannot work for 7 consecutive days

(14-1) Cannot work for 5 consecutive days
for same shift

(15) Trainee, helper shift relation

(16)

(17)

(18) Get yNOD,, value

(19)

(20)

ey

(22) Get yNOE 4, value

(23)

24)

(25)




xd,3,n + 0d+1,n + xd+2,3,n < 2» vd = 5: n

Xazn t 0d+1n + 0qi2n + Xg4330n <3 ,
5n

Xgsn = Pasn, Vd 21, s,n

Odn ZPOdn, vd = 1, n

YVdsg < Z Xdsn » vd =7, S, g

nESg
z Xasn S N *Yq59, Vd 27, 5,9
nesg
d+5
Xd 3n <8-4 (xd,B,n + 0d+1,n):
m=d+2
vda=1,n
Zxdsn <Ay, Vd=7,5n
d
d+2
:83dsn 2 Z Xdsn — 2, Vd =5, s,n
m=d

.Bgdsn < xd+m,s,n:
vd =>5,s,nm=0,1, 2

d+3
B4an = 2 Xgsn — 3, Vd =2 4,n, s =12
m=d
d+3
3= 2 Xqzn, Vd = 4,n
m=d

an, ﬁ3dsn' .84‘dn' VNOan'VNOEdn' 6dst = 0’
vd,s,n,t

Xdsn» Ydsg» Odan € {0,1}, vd,s,n, g

1= Xdsn + stn: vd = 7,5n

vd =

(26) NON is not allowed

(27) NOON is not allowed

(28) Pre assigned shift

(28-1) Pre assigned off

(29) Group relation

(30) Group relation

(31) N is not allowed for 4 days after NO
sequence

(32) Allowable number of shifts for each
nurse

(33) Three consecutive same shift check

(34) Three consecutive same shift check

(35) Four consecutive same shift check

(35-1) Four consecutive night shift is not
allowed

(36)

(37)

(38) Not to be assigned for some shift




3.1. Assignment heuristic for each shifts
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[Table 6] Used functions and symbols in pseudo code

Xdsn

Odn

max_day

can_be_assigned_here(d, s,n)

shift_request_remained(d, s)

find_max_elapsed_nurse(d, s)

N_is_alone(d,n)

more_request_remained
_and_available(d, d', s)

of f_decider_for_nightDuty(n)

then_there_exist_seven_consective(d, n)

random_D_assigning_helper(d)

random_E_assigning_helper(d)

random_N_assigning_helper(d)

=R dOIA ZFZ AR nO| shift sOff HYX] EIRA=X|2Q] OfF
s = {0: Day, 1: Evening, 2: Night}

=W dOAM ZF2 AR nO| OffelX|e] O

rot

2ol IR 5= (F, OpX|2 9| indexe max_day — 1)

2W dOM ZF2 AL nOff O3 27 sE, constraintsE ?|EISHX]

HiX[Z} 7HseHR| of 7
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[Table 7] Day shift pseudo code

for d =6 to max_day—1 do
for all n € nurse do
if (o4, && can_be_assigned_here(d + 1)) then
Xas10n = true
end if
end for
end for

for d =6 to max_day—1 do
Me D 2F5t, 25 HiX| 7t MRS 2[AE KZE: last_Day list
J] HERRE HAY 2ME Y

end for

for d =6 to max_day—1 do
while day_shift request_remained(d, 0) do
if not random_D_assigning_helper(d) then
break
end if
end while
end for
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[Table 8] Night shift pseudo code

- (1) (without night duty pseudo code)

for d =6 to max_day—1 do
for all n € nurse do
if (N_is_alone(d,n)) then
d’ = more_request_remained_and_available(d — 1,d + 1,2)
Xq' 2 = true
end if
end for
end for

(Night Duty Assignmet Part)

for d =6 to max_day—1 do
ME N 2550, 25 HiX| 7ts8t AFEE 2|AE K& last_Day list
/] A52SE HA 2M2 B

end for

for d =6 to max_day—1 do
while day_shift_request_remained(d,2) do

for n = 0 to nSize — 1 do

if can_be_assigned_here(d,2,n) and (Xq-12n OF X4+12n)) then

Xq42n = true

if day_shift request_remained(d,2) == 0 then

break
end if
end if

end for
while day_shift_request_remained(d,2) ! = 0 and not last_Day_list.empty() do

random_N_assigning_helper(d)
end
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[Table 9] Night shift pseudo code - (2) (night duty pseudo code)

for all n € night_duty do
for d =6 to max_day—1 do

if ogn + 04410 + Odszn + O0ds3n == 4 then
forj = d — 1 down_to 6 do
if can_be_assigned_here(j,2,n) and can_be_assigned_here(j — 1,2,n) then

Xjon = true
Xj—1,2,n = true
break

end if

if X;_1,n == true then
break

end if

end for

for j=d+ 4 to dSize—2 do
if can_be_assigned_here(j, 2,n) and can_be_assigned_here(j + 1,2,n) then
Xjon = true
Xj+1,2,n = ftrue
break
end if
if X410 == true then
break
end if
end for
end if
end for

off_decider_for_nightDuty(n)

// Calculate N_remain_max
N_remain_max = 0
for d =6 to max_day—1 do
if day_shift request_remained(d,2) > N_remain_max then
N_remain_max = day_shift_request_remained(d, 2)
end if
end for

for d =6 to max_day—1 do
if day_shift request_remained(d,2) == N_remain_max then
if can_be_assigned_here(d, 2,n)) then
Xq2n = true
off decider_for_nightDuty(n)

if not x4_1,, and not x4,4,, then
if can_be_assigned_here(d — 1,2,n) or can_be_assigned_here(d
+ 1,2,n) then
d’ = more_request_remained_and_available(d — 1,d + 1, 2)

Xq'an = ftrue
end if
else

// error handling
end else

14



off_decider_for_nightDuty(n)
end if
end if
end for

for d =6 to max_day—1 do
if can_be_assigned_here(d,2,n) then
if not (0o4_1, and o441,) then

Xq42n = true
off_decider_for_nightDuty(n)
end if

end if

if not x4,, then
Ogn = true
end if
end for
end if
end for
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[Table 10] Evening shift pseudo code

for d =6 to max_day—1 do
for all n € nurse do
if should_be_assigned_here(d, 1,n) then
Xd+1,1,n = true
end if
end for
end for

for d =6 to max_day—1 do
MY E 2750, 25 HiX| 7tst MRS 2|AE KM ZE: last Day list
/] AE2RE HAY MR H

end for

for d =6 to max_day—1 do
while not last Day_list.empty() and day_shift_request remained(d,1) != 0 do
random_E_assigning_helper(d)
end while
end for
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[Table 11] Off pseudo code

for all n € nurse do
// Prevent working for more than 7 consecutive days
for d =6 to max_day—1 do
if not_assigned_yet(d,n) and then_there_exist_seven_consective(d,n) then
Ogn = true
end if
end for

// Assign O after NNN sequence
for d = 3 to max_day — 4 do

if not_assigned_yet(d + 3,n) and Xq,n +Xd+12n + Xd+22n == 3 then
Og+43n = true
end if
end for

// Assign O on the day following D assignment
for d =7 to max_day—1 do
if not_assigned_yet(d —1,n) and x40, then
Og-1n = 1
end if
end for
end for
if should_be_assigned_here(d, 1,n) then
Xd+1,1,n = true
end if
end for
end for

for d =6 to max_day—1 do
M E 2550, 25 HiX] 7ts8t AFEE 2|AE XA last_Day _list
/] AE2RE HAY £ME H

end for

for d =6 to max_day—1 do
while not last Day_list.empty() and day_shift_request remained(d,1) != 0 do
random_E_assigning_helper(d)
end while
end for
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3.2. Searching cost-reduced schedule
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SHQ &2l 30712 2AES MYsts LA22 TAECH Lot OFF stepO M Al O] step

of 4% 30712l AHZEEEH 22 reconstructE TS0l HBE F 30744 2|, T 9007HS| 11

et 2AES YOfHiCt

ol

YA O|Ct
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3.3. Iteration method
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Figure 5. Schedule comparison with 30 beams
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Figure 8. 5th iteration for test case (all requests satisfied)
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Figure 9. Final result example
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6. Review
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