


PpH sccwcormedocumen
| A‘l Structure of the document

ey

B Video Tutorial
Dr. Planning 1s an example of using the software, solving a problem from scratch.

B Tutorial
The main part of the document. It outlines the usage method of the program using

real-world examples. As you go through the tutorial, try the same things in the program
yourself.

B User manual
This part explains the usage method for each item. Please refer to the necessary

sections.

B Advanced user manual
Under Construction.

B Python3_Constraint Programming Tutorial/Manual
This is a programming manual for more advanced users. 2


https://youtu.be/pHYFd5IE0U0
https://www.nurse-scheduling-software.com/tutorial/schedule_nurse3/user_manual_en/schedule_nurse3_user_manual_en.html
https://www.nurse-scheduling-software.com/publications/python3_constraint_programming_manual.pdf
https://www.nurse-scheduling-software.com/tutorial/schedule_nurse3/python_manual/python3_constraint_programming_manual_en.html
https://www.nurse-scheduling-software.com/tutorial/schedule_nurse3/python_manual_en/python3_constraint_programming_tutorial_en.html
https://www.nurse-scheduling-software.com/tutorial/schedule_nurse3/python_manual/python3_constraint_programming_manual_en.html
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W Key Points
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The critical thing to remember 1s that constraints create the shift work schedule. We
have three main points:

=  We, human beings, make Constraints.
* The machine (scheduling solver) calculates the solution that satisfies them.
" You can achieve your i1deal assignments by adjusting the weight of constraints.

Let's start with a simple example and gradually move on to more complex models
with the tutorial.

In this tutorial, we will use a two-shift work schedule as an example to explain the
main points described above.
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v Launching the program

Click the icon on start menu.

&

E Schedule Nurse Il

Q Settings




." § The screen after launching the program
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This 1s the screen just after launching the program. Click “File.”

edule Murse [1]

Settings  Constraints  Schedule  Sclve  Solutions  Windows Settings Help



Click ”Open project”

=] Schedule Murse |||

File | Settings Constraints  Schedule

Solve

Solutions

Windows Settings

Help

Open Project

Save

Save as

Exit

Open Project File from Github




Loading a project file

Open the folder where you installed the software and the folder "Project Samples" in
it. In this folder, you will find the sample project files 1 through 10 meant for
practice. Double-click on Tutorial 1.

) DVD RW Drive (E
- =1 (F)

Wl 5eagate Expansior v

[=] Open x
« v g <« schedule_nurse » 1.0.0.0 * Samples » English * Project_Samples W & S Search Project_Samples
Organize - Mew folder = [ @
B This PC -~ Mame Date meodified Type Size
P 3D Objects |= | tuteriall.nurse3 10/29/2020 11:16 AM MURSE3 File 250 KB
I Desktop =] tutorial2.nurse3 10/29/2020 1:11 PM MURSE3 File 253 KB
E Docurments |= | tuterial3.nurse3 0/29/2020 1:39 PM MURSE3 File 235 KB
‘_ Download =] tuteriald.nurse3 0/29/2020 1:45 PM MURSE3 File 252 KB
ownloads
|| tutorial3.nurse3 10/30/2020 2:20 AM MURSE3 File 235 KB
d Music =] tutorial6.nurse3 10/30/2020 3:19 AM NURSE3 File 273 KB
E=| Pictures (& tuterialé_Error.nurse3 10/30/2020 3:19 AM NURSE3 File 269 KB
B Videos |=] tutorial7.nurse3 10/30/2020 3:18 AM MURSE3 File 273 KB
= Local Disk (C2) =] tuteriald.nurse3 10/30/2020 3:52 AM MURSE3 File 31T KB
M seagate Expansi =] tuteriald.nurse3 10/30/2020 4:06 AM MURSE3 File 318 KB
[ tutorial10.nurse3 10/30/2020 4:27 AM MURSE3 File 319 KB

File name: |tutoriall.nurse?

e | nurse file(*.nurse3)




w7 The screen after loading a project

~heTy

This 1s the screen just after loading a project.

2| Schedule Murse |l Ch\Users\sugawh\AppData\Roaming\sugawara-systemshschedule_nurse\1.0.0.005amples\English'\Project_Samplesitutoriall.nurse3

File  Settings Constraints  Schedule  Sche  Solutions  Windows Settings Help




.

Loading the
p &

The loaded project file contains a solution. Click on "Solution" and you will see

the following screen.

“Solution” screen

File  Settings Solutions  Windows Settings  Help
= Solutions e S
Solution
A B ‘ Filter | Previous Month ThelWeek =
- Staff Name - 27 [ 28] 29 [ 30 ] a1 1 2 e} 4 5 B
= Tue | Wed [ Thu Fri Sat | Sun [ Mon | Tue | Wed [ Thu Fri
1 Staffl AlA D|iD|{iD||{D |iD |iD
2 Staff2 AlA[A[A[IA[ID (D [ID[|D[{D |[{D
3 Staff3 AlA[A[A[IA[ID (D [ID[|D[{D |[{D
4 Staff4 AlA[A[A[IA[ID (D [ID[|D[{D |[{D
5 Staff5 AlA[A[A[IA[ID (D [ID[|D[{D |[{D
6 Staff6 AlA[A[A[IA[ID (D [ID[|D[{D |[{D
— ] 0
< > |« b3
Column Constraint Filter | Tue | Wed | Thu | Fri | Sat | Sun | Mon | Tue | Wed | Thu | Fri ~
il =
2 =

amrara-systemsischedule_nursel 1.0.0.005amples\English\Project_Samples\tutoriall.nurse3




Maximizing the “Solution” screen

You can maximize the screen by clicking here.

~_

=] Schedule Nurse [Il C:\Users\sugaw\AppData\Roaming\sugawara-systems\schedule_nurse\1.0.0.06Samples\English'\Project_Samplesitutoriall.nurse - O *
File  Settings Constraints Schedule  Solve  Solutions  Windows Settings  Help
“
= | Solutions I_‘:' &J
Salution
A ‘ B ‘ Filter ‘ Previous Manth ThelWeek ~
- - Staff Name - 27 [ 2829303 [ 1] 23 [4]5T7]°%s
-| Tue | Wed | Thu | Fi | Sat [ Sun | Mon | Tue | Wed | Thu | Fr
1 Staff1 A D||/D|(/D]|{D||D||D
2 Staff2 Al A D|{D|/D|[iD|[{D| D
3 Staff3 AlAIA|JAIIA|ID||D||D|{D||D||D
4 Staff4 AlAIIA[IA|IA|D|{D||D|{D|{D|{D
5 Staffs AlAIA|JAIA|ID|{D|{D|{D||D||D
6 Staff6 AlA|IIA|/A|IA|/D||D|/D|{D||D||D
i — il W
< > | £ >
Column Constraint Filter | Tue | Wed | Thu | Fri | Sat | Sun | Mon | Tue | Wed | Thu | Fri ~
1 -
2 -
= v

10



ing in and out by double-

clicking on any point on the "Solution" screen.

How to operate the “Solution” screen
You can toggle between zoom
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Changing the screen layout
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You can change the layout as shown below.
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B Column constraints
ey

-

£

There is only one constraint in this project. Let's take a look.
Click "Constraints" — "Column constraints"

|

[#] Schedule Nurse ||| C:\Users\fugaw\AppData\| inghsugawara-systemsischedule_nursel1.0.0.005amples\EnglishProject_Samples\tutoriall.nurse3 - [Column Constraint] - O >
[&| File Settings | ConstraMits ule  Solve Solutions  Windows Settings  Help - &

ColumnConstraintGro CaldPan Constraint
o Row Constraint
G et Pair Constraint
Constraints by Language Soft Constraint Level
No. | Enable| ( Constrants by Python 3y Type Group Type Shift Type Constraint Type Max Min Max I;?Lidlrl;'ierent Soft Level
1 v ForceDayShift ThisMonth - | A_Member_in_All « Day_5hift - Force_Shift [+ - - v v
2 - v - Inihibit_sShift [~ - - v v
3 - - - Inihibit_shift [~ - - - <
4 - - - Inihibit_shift [~ - - = o
5 - - - Inihibit_shift |~ - - - 5
] - - - | Inihibit_Shift |~ - - . >
7 - - - Inihibit_shift [~ - - - S
B8 - - - Inihibit_shift [~ - - v v
9 - - - Inihibit_shift [~ - - - o
10 - - - Inihibit_shift [~ - - = o
11 - - - Inihibit_shift |~ - - - o
12 = = - Inihibit_sShift [~ - - - =
13 - - - Inihibit_shift [~ - - - 5
14 - - - Inihibit_shift [~ - - v v
15 - - - Inihibit_shift [~ - - - o
16 - - - Inihibit_shift [~ - - = =
13
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w7 Description of the column constraint

Ry

This 1s the next screen. There 1s one constraint written. “ForceDayshift" 1s an arbitrary
user-specified name for the constraint. The meaning of the constraint is

= [this month],

= for [all employees],

= for [day shifts],

= perform [Force Shift]

It's not that hard after all!

|| Schedule Murse ||l C:\Users\sugaw\AppData\Roaming\sugawara-systems\schedule_nurse\1.0.0.005amples\English'Project_Samples\tutoriall.nurse3 - [Column Constraint] - O *
|#| File Settings Constraints Schedule  Solve  Solutions  Windows Settings  Help - B X
ColumnCanstraintGroup 1 lODIumnODnSUaintGroupQ ]
Enahle Set | ColumnConztraintGroup 1 |
Soft Constraint Level
No. | Enable| Column Constraint Name Day Type Group Type Shift Type Constraint Type Max Min Max for different Soft Level
weight
1 v ForceDayShift ThisMonth - [ A_Member_in_Alll « Day_5hift - Force_Shift [« - v v =
2 - v - Inihibit_sShift [~ - v o o
3 - - - Inihibit_Shift |~ - - - =
4 - - - Inihibit_shift [~ = = = o
5 - - - Inihibit_Shift [+ - - - 5

14



Click on Find solution here, and then click the Find solution button.

|

[&] Schedule Nurse |11 ChUsers\sugawh\AgpDataiRoaming\sugawara-systems'schedule_nursel1.0.0.0\5amples\English\Project_Samples\titoriall.nurse3 - [Solve] - O *
[#| File Settings Constraints Schedule Solve Solutions  Windows Settings  Help - 2 X
Soft Solving Settings Mote
Ttem | Enable| Weight [ Allowabl

15
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IR The screen after finding the solution

Ry

Indeed, all staff members work “DayShift” this month.

|:> This month

=] Schedule Nurse |l C:\Users\sugawhAppDataiRoaming'sugawara-systems\schedule_nurse\1.0.0.0\SamylesfEnglish\Project_Samples\tuteriall.nurse3 - [Selutions] - O *

|#=| File Settings Constraints Schedule Solve  Solutions  Windows Settings  Help - B X

Solution1

A I Filter Previous Month Thelweek The2Week 2
- Staff Name - 27 [ [ 29|30 | =a 1 2 3 4 5 10 [ 11 [ 12| 13 ] 14 [ 15
«| Tue | wed [ Thu | Fi | safl[\sun | Mon | Tue | wed | Thu Sat | Sun | Mon | Tue | Wed | Thu | Fi | Sat [ Sun
\ —

D

(=]
-l
=]
=)

=N

6 Staffe

7 Staff7

8 Staffs

9 Staffo

10 Staff10

11 Staff11

IFEEEER
B = = = 2] =] =
B 2= =] ==

JI DD D] D 2

Ji Sl Q) D D D) O
JI S 2 DD 3D
A ) i ] el ) e ] e ) el Y
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Turning column constraint groups on / off

Ry

There 1s only one column constraint here, but you can also write multiple column
constraints. The column constraints on this page are called Column Constraint Group 1.

(You can name the group however you want.)
You can also turn off the constraint on the enforcement test itself by clicking to remove

the check mark from the "Apply" box. Let's try it out. Click "Apply." Let's try to find the
solution again and see howit changes.

] Schedule Nurse 11l 2\ Users\sugaw)\AppData\Reaming\sugawara-systemstschedule_nurse\1.0.0.0\5amples\English\Project_Samplesitutoriall.nurse3 - [Column Constraint]

|=:| File Settipds Constraints Schedule Solve Seolutions  Windows Settings  Help

intGraup 1 l ColumnCongtraintGroup? ]
[] Endble Set | ColumnConstraintGroup 1 |
Soft Constraint Level
i Soft Level

MNo. | Enable| Column Constraint Name ‘ Day Type Group Type Shift Type Constraint Type Max Min Max for different
weight
1 v ForceDayShift ThisMonth - [ A_Member_in_All « Day_5hift - Force_Shift
2 - - - Inihibit_shift [«
3 Inihibit_Shift [«
4 Inihibit Shift [+

17
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It is no longer true that all staff members are on the “DayShift” this month.
|:> This month

The “Find solution’ screen without constraints

[=] Schedule Nurse |l C:\Users\sugaw\AppData\Roaming\sugawara-systems\schedule_nurse\1.0.0.0\5ampleEnglish\Project_Samplesitutoriall.nurse3 - [Solutions] - | *
|#| File Settings Constraints  Schedule Solve  Solutions  Windows Settings  Help 2 X
Salution
A I Filter | Previous Maonth ThelWeek The2Week ~
Staff Name - 27 [ 28 | 29 | a0 1 2 3 4 5 6 7 8 9 [ 10 [ 11 [ 12 [ 13 ] 14 [ 15
~| Tue | Wed | Thu Fri Sun | Mon | Tue | Wed | Thu Fri Sat | Sun | Mon | Tue | Wed | Thu Fri Sat | Sun
1 Staff1 A Al[A][A A[A][A AlA][A][A A
2 Staff2 ?]A.Al ?]A.A.A.HTIA.A.H?]A.A.A.HA.
3 Staff3 ?]AA AlA]A]A]A]A]AA]A]A]A]A]A]A][A
a Staff4 ﬂAA AlA]AlA]A]A]A]AA]A]A][A]A]A]]A
: s A (2] (21 (2 (2] 20 2 ) 0 A ) [ ) ) £ ) ) [ ) R
6 Staffe EAA AlAlA]AA]AAA]A]A][A][A]A]]A]]A
. | e fallallallal allallallallialfallallaliallallallallaliallal




w7 The difference between having a constraint or not

e
There is a change in the way the solution appears depending on whether there is a constraint or

not. Try and see it yourself.

M [t is not clear what is

= h I 1 o x
|=| Schedule Nurse Il C:\Users\su pplata going to get assigned when 2 = s
] File Settings ints Schedule  there are no constraints. The | = | s . jjj iEe jjj Sams jjj pis ﬁ
. . StaffL AlJAAJAA|A[IA|IA[AIAJA[AIAJIAIIA[IA|JA[IA]A
ColumnConstrgCroup | ] ColumnGenstraintGrouy T1ght Scre?n JUS.t happ(?ned to = ARAAAAAA AR AN AR AR R R
um Ou 1 e ls an 1 Staff3 AJAIAIAIAJAIAIA[IAJAJA[IAJA[A|IAJA[JA|IA]A|IA
t t like this, and it B A A E R R R R R E E A E R EE E R E A
[ | Enable Set | GolumnCaonstraintGrour ioht h t d out gt A ] (2] 7] =) (7] (5] &) (7] (2] (A (5] (] 7] (2] () 5] (] A )
mig ave turned ou : e [ (A1 (5] () [ [ [ [ [ )
differently depending on the | ° Ly
i et | Crliirms Conerairtt Mo ) L N, = AT A A A A T ) (A A ] A A T T A ] ] T ]
environment.
E1 ! ForceDayShift
B When there is a
constraint, all staff
members work o oot e e —
[z Schedule Nurse Il C:\Users\sugaw ' “DayShift” this month. e om—— — — — — -
i — —— e e T T e e T T oo
|=| File Settings Constpaifffs  Schedule HOWGVGI’, there was no — se— ﬁ%??? @@%%%%%@%%%%%%[
= - . . 4 il A ]
FW ColumnConztraintGroup constraint for preVlouS 0 o % %%% % % %%% % % %%% %{
) Staffo. A
Enable | Set | GolumnGonstraintarayy MONth, so we cannot _// NEDEE AenEREREnEREnE|D]
: : = e 2] [&] (] [&] (211 2] o] [°] [B] 2] [o] 2] [B] [B] [2] [B] [B] [B] ]|
predlct what w — 21 1 ] ] ) ) ) ) T s s ) (e
"k]_ Enahle Cﬂlum" Cﬂ"s‘tmint rla"“ assigned. j Colemn Comstraint - Filter Tue | Wed m-.\rri\sarun\um Tue [Wed| Thu Fri | Sat  Sun [Mon | Tue Wed| Thu Fri | Sat | Sun | ~
1 vl ForceDayshift )




You cannot predict what gets assigned. In other words, you cannot control assignments
without the constraint. So, you need to place some constraints (since there 1s nothing to
control it).

We state this again, as it is especially important.

20
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To turn off individual constraints, uncheck the

"

button.

" box and click the "Se

|| Schedule Nurse |l C:\Users\sugaw\AppData’

|=| File Settings Constraints Schedule

Wﬂtﬁmum l ColumnConztraintGroug

Enable Set | ColumnCanztraintGroup

Note that your settings won't be effec
don't click the "Set" button.

(This applies for all constraints that appear later Lo
on as well.) = R

MNo. | Enable| Column Constraint Namse

21
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w7 Tutorial2 Changing staff member names

Ry

Click on Settings— Staff Definitions—
Staff Definitions— Staff Namel. Click

5| Schedule Murse (1] ChUsers\sugawh AppDatat Roaminglsugawara-systemsy,

Eiley| Settings | Constraints  Schedule  Solve  Solutions Windows !

Day Definitions
again to remove the blue color and Shift Definitions
make it editable. Try typing in Phase

Task

name. Staff Definitions / |I

Macro Definitiu:un/

| Staﬁ‘pé%tions

Staff Definitions  Shifts per Person  Group Definitions  Group Agereeat:

After clickingthe "Set" button, try
to find a solution.

*See for yourself that thest
member names change in ths >
SOlutlon SCICCI. \ No. | Enable Staff Name ‘ comment

| Schedule Nurse 1] Ch\Users\sugawh AppData\Réamingisugawara-systemsischedNe_nurseMN0.0.05am 1 v \ Staffl
File Settings Constraints  Schedule  Solw Solutions  Windows Settings 2 "] Staffz2
i ! o ) 3 W Staff3
| = | 5clutions \ \
= Solution 1 S
= = | Staff Definitions
A Filter | Previous Mo o . .
St Definitions
Staff Name — 58 50 Shiftz per Perzon  Group Definitions  Group fegereg
~| Tue | Wed | Thu
v = Set
— 1 JohnSmith AllA]| A

D Staff2 Allallall No. |Enagle Staff Name 28mment

s 1 vl X John Smith|
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IR Tutorial2 Adding Shifts

Ry

|#1| Schedule Nurse Il C\Users\sugaw

Go to Settings — Shift Definitions — righk

|= | Shift Definitions . . .
click inside the Shift Definitions table and a | s Pt shit Aceregates - Sm'"g; D;;?j:;”ts =
menu will appear. Add a Ro = [ Shift Definitions
We added a Late_Shlft to try lt out. No. |Enable Shift Name Color ‘ Label Counts Work Hours

~_ 1 ¥ Day_Shift LightGray o 8] - -
\\ \V\ Nig Copy @ N - -
. 3 __ After_ e @ A - -
If you look at the columnsQnstraints after a | 4" mat G| o : :
2 : 5 B - -
clicking the Set button, you will see the late [ nad®on |
D . . . Insert a Row
shi ust added 1in a shift type € P
Delete Rows
See for yourself that finding a solution after
you click the Set button praduces addressed 5 | St Shift U Biieed @ Tl
solution with forced Late ShifTthi

Settings  Constraints  Schedule  Sclve  Solutions  Windows Settings  Help

olutions ==
ttion 1 1= | Column Col int
A B Filts ‘ Previous Month ThelWeek A ColumnConstraintGroup olumnConstraintGroup? ]
| - - Staff Name: < 27 [ 28 [ 20 [ 30 [ 31 [0 2 [ 3[4 |5 6
~| Tue [ Wed [ Thu [ Fi [ sat | Sun [ Mon | Tue | wed | Thu | Fr Enable Set || GColumnCorweintGroupl |
g &1 &) 2] (2] [~] (=1 (=] (=) =T
staff2 No. | Enable| Column Constraint Name Type Group Type Shift Type Constraint Type
Staff3 ; v ForceDayShift ThisMonth : A_Member_in_All : Night._s-hrﬂ: ] - Ii?l:ic;i;l:t& -
: S i | e
= ase_var = =
6 SN S
e S S S S e e
>
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| u‘ ) Tutorial3 Cardinal constraints

e &
~DE
A constraint where a number is counted is called a cardinal constraint. For example, this is the

constraint we use where there are 2 staff members on the night shift. Tutorial 3 shows an
example of a cardinal number constraint. Let's open the column constraint from Tutorial 3.

2| Column Constraint

ColumnConztraintGroup 1 l ColumnGonstraintGroup?2 ]

Enable Set | ColumnCanstraintGroup |
Mo. | Enable| Column Constraint Name Day Type Group Type shift Type Constraint Type Max Min
1 W TwoNightShift ThisMaonth + | A_Member_in_All ~ Might_shift |« Max-Min_sStaffs |« 2 - 2 -

The constraint type 4 minimum staff number. Both are set to 2, so
this instruction m&ans

" [this month],

= for [all staff m
= set the [night shift]
= for 2 people.

Let's check it by finding a solution.

24
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_M‘ ‘ The solution for Tutorial3

Ry

We can see that we have Two “Night Shift” this month, which results from the column
constraint we described. The screen's solution is focused on the two staff members in the lower
part, as below. It may differ from your screen. The only constraint that is now in place is for two
people in the night shift. If the rule is satisfactory, the software is working correctly.

= | Solutions E\@
Solution 1
A | B | Filtac | Prawious Manth ThalWaak ThazWaak Tha3
- - Staff Name w|27|28| 28|30 (32| 2| 2| 3| a|s| 6| F|@|39|10|22)|22|12|24(28|26]|27|1
w | Tua|Wad| Tha| Fri| S3at| Sun|Mon| Tua | Wad| Tha| Fri| 33t | Sen|Mon | Tua | Wad| Tha| Fri| S3at| Sun| Moo | Tua | W
1 Staff1 [aAlajajajajaiaiajajajajajajajajajajajajajala]s
2 Staff2 alajajajalalalajajalalajajajajalajajajajalale
3 Staff3 alaja alajalalajajalalajajajajalalajajajalale
4 Staff4 alajajajalalalajajalalajajajajalalajajajalale
5 Staffs alajajajajalalajajalajajajajajalajajajajalale
6 Staff6 [alajalalajaiaiaiajalaljajajajajajajajajajala]s
7 Staff7 [alajalalajaiaiaiajalaljajajajajajajajajajala]s
8 staffs [alajalalajaiaiaiajalaljajajajajajajajajajala]s
9 Staff9 alajajajalalalalalalalajajajajalalajajajalale
10 Staff10 alajajajalalalajajalalajajajajalalajajajalale
11 Staff11 alajajajalalalajajalalajajajajalalajajajalale
12 Staff12 alajajajajalalajajalajajajajajalajajajajalala
13 Staff13 [alajalalajaiaiaiajalaljajajajajajajajajajala]s
14 Staff14 [alajalalajaiaiaiaialajajajajajajajajajajala]s
15 Staff15 alajalajalalajajajalajajajajajalajalajajalals
16 Staff16 [alaialaan]Nin NN NN NN NNNN]NNNNR
17 Staff17 alajajajalalalajajalalajajajajalalajajajalale
18 Staff18 [alaialaan]Nin NN NN NN NNNN]NNNNR
< > | £ > 25
S ve— e R R R R T -
1 TwoNightshift - zigiziziziziziziziziziaiziaizizia
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w7 Tutorial3 Adding a column constraint

Ry

Add the following statement to secure two people for the day after the night shift.

1= | Column Constraint

ColumnConztraintGroup 1 l ColumnConstraintGroup2 ]

Enable Set | ColumnCanstraintGroup |
No. | Enable| Column Constraint Name Day Type Group Type Shift Type Constraint Type Max Min
1 W TwoNightShift ThisManth - [FA_Member_in_All - Might_Shift - [ Max-Min_Staffs |« 2 - 2 o
2 W TwolfterMightShift ThisMaonth - [ & Member_in_Alll - || After_Night_Shift |~ | Max-Min_Staffs |- 2 - 2 o
Click on the Set button and then find
a solution.
Insert All by right-clicking menu, 1s
convenient ding undisplayed
constraints automatica
Column Dunstram\i Filter Tue | Wed | Thu | Fri | Sat | Sun | Mc
1 TwoNightShift Insert All 2 2
2 TwodfterNightShift 2 2
3 Insert a Row
4
5

Delete Rows

™1
- |

T T T I T TLIOIN T T T T T I T

Show Unsatisfactory Ttems Under sched




- -

| “‘ ‘ Tutorial4

Ry

Open Tutorial 4 and find a solution. If you look at the column constraints, you can see that two
people are assigned for both the night shift and the day after.

|2 | Column Constraint

ColumnConztraintGroup | l ColumnGonstraintGroup2 ]

Enable Set | ColumnConztraintGroup 1 |
Mo. | Enable| Column Constraint Name Day Type Group Type shift Type Constraint Type Max Min
1 W TwaoMNightShift ThisMonth > | A& Member_in_all| - Might_Shift |- [ Max-Min_Staffs |- 2 - 2 >
2 W TwolfterNightShift ThisMaonth - [ & Member_in_Alll - | After_Night_sShift| «~ | Max-Min_Staffs |- 2 - 2 -
= | Solutions = ?‘@
. . . Solution1
The plcture on the rlght 1s the T - — — — =
> > Staff Name - |27 28|29 z0 |2 0] 2 | 2| & | = | 6| 7 |[BEB = | 20| 1x|iz| iz e (S 26| 7|2
screen after finding a solution. 1 T
2 Staff2 A/A/AJA/AIDDIDID|D|ID|D{D|D{DJD|D|N|D DD |D|LC
3 Staff3 A|AAJA|ADDDD|DD|D{D|D{D{D|D|D|D|{D{D|D|LC
4 Staff4 AlAA{A{A|/DD{D{D|D|D|DJD|D{DJDJD|DJDJDJD|D|LC
5 Staffs A|/AAJAADD|DD|D{D|D{D|D{D{D|{D|D|D|{D{D|D|LC
6 Staffe A/A/AJA/AIDD|DD|D|D|D{D|D{D{D|D|D|D|{D D |D|LC
7 Staff7 A|/A/AJA|/ADDDID|D{D|D{D|D{D{D|{D|D|D|{D{D|D|LC
. . b b 8 Staffg AlAA{A{A|D{D|D{D|D|N|D|D|DJ{A D jA |D|DJDJD|D|LC
The pattern of night shifts is explained : S D D e
b t hft tt 10 Staff10 A|lAAJAAIDDIDID|D|ID|D{D|D{D{D|{D|D|{D|{D{D|D|LC
ln WO-S 1 Da erns- 11 Staff1l A/A/AjJA(lAIDDDID|IDID|D{D|D{D{D|D|D|D|{D{D|D|LC
12 Staff12 AlAA{A{A|/D{D{D{D|D|D{D|D|D{D|ND|DJDJD{A |D|LC
13 staff13 AlAAJA/AIDINIDID|ID|ID|D{D|A{DJD{D|D|D|{D{D|D|LC
14 Staff14 AlAAJAAIDDAD|IDID|ID{D|D{D{D|{D|D|D|{D{D|D|LC
15 Staff15 AAAJA/JAJAID/IAJA/AID/AD|ID|IDID{D|D DD D |A K
16 Staff16 AJAAJAJAINAIDIAAAIN{A|N{NIN|NI[A A {N|N|Nk
17 Staff17 A A A A (AN A [N{N|N[NI{A A NAAN]AAINIAIIAIL
18 Staff18 A|AAAAJANININ|N{A N {N|A{N{A AN |N{A NN {2
£ > £ >
Column Constrmint Filter Tu | We | Th | F Sa Su|Mo|To | We Th | F Sa|Su Mo |Tu | We | Th | Fr | Sa|Soc| Mo '|'xA
- L3 d|u t n n - d|m T n n e d|m i t n n e
1 TwoNightshift - 2iz3i2a 2izial3a 2 1:2.2;2 FRE!
2 TwoAfterNightShift - ziziaiaizizizia ziziaiziaizizia 2
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w7 Defining a group type

Ry

We will add a constraint that makes it so that at least one nurse 1s on Night Shift out of
nurses and assistant nurses. Currently, the only group type option is "A member in all."
We will show you how to add the nurse group and assistant nurse separately.

= | Column Con

ColumnConstraintGroup 1

mnConstraintGroup 2 ]

Enable Set | GDIumnGDnstr?l’rﬂQ@um |
No. | Enable| Column Constraint Nam Group Type Shift Type Constraint Type
1 v TwoNightShift ThisMaonth g~ Memt ber in_# : - MNight_Shift |+ | Max-Min_Staffs |-
2 v TwolfterNightShift ThisMaonth o A Member_in_all ~ | After_Might_sShift|~ [ Max-Min_staffs |-

Go to Settings — Staff Definitions — Group Definitions to get to the Group

Definitions screen.

Enter the information as

|= | Staff Definitions

Staff Definitions  Shifts per Person  Group Definitions  Group Aeeregate Definitions  Tasks per Person

shown in the blue part on the Set
right, then click the Set
but ton. . No. | Enable Staff Property = =
1 W All_Members A Member_in_all
2 W Function Murse AssociateMurse
3
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SRR Defining the group type 2

Ry

If you look at the Staff Definitions page, you'll see an attribute section called Function
where you can select alternatives. With this, you can set up each staff member. You can
leave it blank for those who do not fall into this category (e.g., administrators).

Staff Definitions  Shifts per Person  Group Definitions  Griwp Aseregate Definitionz  Tasks per Person

Set

No. | Enable Staff Name ﬂ:::‘ All_Membe Function
1 ] Staffl A_Member_in_all [+ | -
2 ] Staff2 A_Member_in_all  [+]] A
3 ] Staff3 & Member_in_all [~ {Nurse
4 v Staff4 A Member in_Ail [+ [AssockteNurse

There is now a selection for group types in
column constraints as well.

This way, you can ¢t
attributes you want. You can select on
those who have the attribute and apply the . [cbiel commm et Day Type ‘ Group Type
constraint to them.

|2 | Column Constraint

'chever group ColumnConstrainGroup ]culumnconstraintGroupQ]
Enable Set | ColumnConstraintGroup 1 |

W TwoNightshift ThisMonth T

¥ TwokfterMightShift ThisMonth -
- [iNurse
AssociateMNurse

(L [ B |

-
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Open Tutorial 5 and see its column constraints. We added No.5 and 6 on the previous page.

Tutorial5 Setting the day of the week

|= | Column Constraint

CalumnCanstraintGroup 1 l ColumnConztraintGroup? ]

Enable Set | ColumnConstraintGroupl |
MNo. | Enable| Column Constraint Name ‘ Day Type Group Type Shift Type Constraint Type Max Min
1 W TwoNightShift ThisMaonth o A Member_in_all o Might_shift ~ [ Max-Min_5Staffs |« 2 o 2 -
2 W TwolfterMightshift ThisMaonth o A Member_in_all ~ [ &fter_Night_Shift[~ | Max-Min_Staffs |- 2 o 2 -
3 ¥ At_least_1_nurse_per_Night_S ThisMaonth o Murse - Might_shift ~ [ Max-Min_5Staffs |« - 1 -
4 ¥ At least_1_nurse_per_After Ni ThisMaonth o Murse ~ [ &fter_Night_Shift[~ | Max-Min_Staffs |- - 1 -
5 ¥ At least_10_persons_on_Days @ ConsultationDay | - A Member_in_All ~ |_—Fray_shift ~ [ Max-Min_Staffs |« - 10 |-
6 ¥ At least 5 _persons_on Days_ © Day_on_Closed [« A Mem I:uerM Day_Shift + [ Max-Min_Staffs |« - 5 -

The new constraint is Day Shift. Afi additional rule is a

ing 1t so that there are at

least ten people on working days and at least five on weekends. Let's see how to set the days
of the week, such as working days and weekends.

30
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w7 Tutorial5 Setting the day of the week 2

N

You will see the followmg by clicking on Settings — Day Definitions — Scheduling Period —
ThisMonth. The rked in yellow is the definition of the month.

|z | Schedule Nurse Il Chlzers\sugaw’AppDatat Roaminghsugaw

i

Settings | Constraints  Schedule  Solve  Selutions
f Day Definfiom— |I
Shift Definitions
Phase
Task
Staff Definitions
Macro Definitions

.= | Day Definitions / = =h ="
Scheduling Period Predetined Davs  Month Characteristic Davs  Day Aeeregates

ThizMonth

November XXX
Sun Man Tue nled Thu Fri Sat

Sat
Al Days
MationalHolidays

SubstituteHolidavs

31




| . .
IR Tutorial5 Setting the

day of the week 3

N

"WeekDay" can be Monday, Tuesday, Wednesday, Thursday, or

See the definition of a weekday,
Friday. We can define "Wee
Sunday. "Day on_Closed" 1§ weekends or holidays
“Day_on_Closed”. Worki
we use the NOT operator/In this way, we ca
forget to click on the Set button after you've€ made changes.

ay" using the operator OR. And "Weekends" means Saturday or
e can determine the working days using
days (Consultation days) are the negation of "Day on Closed," so

reate any day of the week by themselves. Don't

You can tell if your
weekday definition is
correct by looking at
the calendar.

(=] Day Defitions R
Scheduling Period  Predefined Dave  Mogeth Characteristic Days  Dayfeeregates
Set ‘Week Ends
~ < October 2020 >

No. |Enable| Day Agg Opermto Day Name ¢ | 5 |

1 2 3 4 5 1 Sun Mon Tue Wed Thu Fri  Sat
il v WeekDay \ orM- Mon Tue Wed Thu - Fri = 1 2 3
2 v WeekEnds OR [~ Sat sun = = 45 50 7 8 3; 10
3 v Day_on_Closed OR |+ WeekEnds NationalHolidays - S j]l jlf 1; 1; 1? 1;‘ 1:
4 v ConsultationDay NOT [+ Day_on_Closed o = % 2% ;‘l ;8 ;é ;5 Iil
5 ¥ StartDateMinus1 -1 |- StartDate - -
6 ¥ StartDateMinus2 -2 |- StartDate - -
7 ¥ StartDateMinus3 -3 |- StartDate - -
8 v StartDateMinus4 4 [« StartDate o = November 2020
9 ¥l StartDateMinuss 5 |- StartDate - - - . -
10 v StartDateMinuseé 6 |- StartDate = - Sun_Mon Tue \wed Thu Fri Sst
11 v StartDateMinus7 -7 |- StartDate - - a 4 5 e
12 ") StartDatePlus1 +1 [« StartDate - - 0o 12 13
13 vl StartDatePlus2 +2 |- StartDate - - 1§ 17 18 19 2
14 ] StartDatePlus3 +3 [ StartDate = = 23 24 25 26 27
15 v StartDatePlus4 +4 |- StartDate - o
16 ] StartDatePluss +5 |- StartDate - o
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w7 Tutorial5 Setting the day of the week 4

N

Click on Sunday. The calendar is displayed.

These weekdgys are determined when you set Scheduling P
the other harid, the user can freely define the wee

: Scheduling Pefi edefined Davzs  Month Characterictic Days  Day feeregates
{1 | ThizMonth ‘ Eun

iod and cannot be changed. On

Man November 2020
Tue Sun Maon Tue wied Thu Fri Sat
hied
2 3 4 5 & 7
Thu : 10 11 12 13 14
Fri ' 16 17 18 13 20 21
Sat 23 24 25 26 27 28
AllDays 30
MationalHolidays

SubztituteHolidays

33




| A‘i Tutorial5 Check your synthesis by the Calendar

N\
2
Click on Day Aggregates — WeekDay. The yellow on the calendar represents that
definition.

I

1 L=_| Day Definitions =n Eoh <"
| Scheduling Period  Predefined Davs  Month Zharacteristic Days  Dav feeregates
St Weelk Day
No. |Enable| Day Aggreg Name Dperl'ﬂtﬂ 2 October 2020
1 2 Sun Mon Tue Wed Thu Fri Sat
1 [w] WedkDay OR |~ Man - Tue - 1 2 3
2 W WeekEnds OR |- Sat - Sun - 4 5 & 7 ] 9 10
3 W Day_on_Closed OR |~ WeekEnds - MationalHolidays < 1 2 12 14 15 18 17
4 v ConsultationDay NOT |- Day_on_Closed - - 1% 1% 20 N 2 23 XM
5 v StartDateMinus1 1 B StartDate S q 25 26 3
[ v StartDateMinus2 -2 |- StartDate - -
7 v StartDateMinus3 -3 |- StartDate - -
a v StartDateMinus4 4 |- StartDate - .
9 v StartDateMinus5 577, StartDate . i November 200
10 ¥ StartDateMinuso -0 |- StartDate - - Sun Mon Tuee Wed Thue Fn Sat
11 v StartDateMinus? -7 |- StartDate - =
12 s StartDatePlusl +1 |- StartDate - - 1 7
13 v StartDatePlus2 +2 |- StartDate - - ) 14
14 ¥ StartDatePlus3 +3 |- StartDate - g 15 e
15 ¥ StartDatePlus4 +4 |« StartDate - g 7 78
16 v StartDatePluss +5 |- StartDate - - 29
17 W StartDatePlusd +6 |~ StartDate - g
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\ Tutorial6 Row constraints

P
-~

Open Constraints — Row Constraints.

|=| Schedule Nurse IIl  C:\Users\sugaw\AppData\Roaming\sugawara-systems\schedule_nurse\ 1.0
File  Settings | Constraints | Schedule  Solve  Solutions  Windows Settings  Help

Column Constraint

| Row Constraint

Pair Constraint
Constraints by Language
Constrants by Python

35
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B Tutorial6 Two-shift patterns

‘v—w

Open Constraints — Row Constraints — Two-Shift.

|- | Row Constraint
Ounsecutive_Off_Days] Flattening  Two-Shift ]OardinalityOunstraint]

(] Ensble | Set || Two-Ghift | | ||D ||N ||A ||F'H |
Shift Pattern
No. | Enable Row Constraint Name Day Type Group Type Constraint Type
0 1 2 3 4 5 i
MightShift_followed_by_After_ : FromStartDateMi ) .
1 v Night_Shift nusl - [ A Member_in_aAlll = | Inhibit_Pattern |+ N ]
After_Might_shift_preceded_by: FromStartDateMi o . ]
2 v " Nighift_Shift nusi [ A_Member_in_Alll = [ Inhibit_Pattern |+ [ lw N A
After_Mighit_shift_followed_by : FromStartDateMi . _ FH
3 v Paid_Holiday nusl [ A_Member_in_All| = [ Inhibit_Pattern |~ A v

Three constraints are defined.

"v" means negation(Boolean NOT operator).

The first constraint prohibits the pattern of "Night Shift," followed by NOT operation of
“After Night Shift”.

The second constraint prohibits the pattern of NOT operation of "Night Shift," followed by

“After Night Shift”.
As a result, "Night Shift," followed by "After Night Shift," becomes mandatory with those
constraints. 36

Third constraint forces "Paid Day" must be followed by “After Night Shift”.
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IR Tutorial 6 Cardinality Constraint

N

Open Constraints — Row Constraints — CardinalityConstraint

\= | Row Constraint
Consecutive_@ff_Days] Flattening | Two-shift  GardinalityConstraint ]

Enable Set || CardinalityCGonztraint | ‘ ” D ” N ” A ”PH |
Shift Pattern
No. Enable Row Constraint Name Day Type Group Type Constraint Type Max Min
1] 1 2 3 4 5 1]
1 v Number_of_Paid_Holidays ThisManth [ & Member_in_All » | Max-Min_Pattern v!=! B 9 |- Q|-
2 v Number_of Night_Shifts ThisMaonth » [ & Member_in_All « | Max-Min_Pattern |+ N 5 |- 3=

The first constraint allocates 9 “Paid Holidays” for all staff members this
month.

The second constraint allocates 3-5 “Night Shift” for all staff members this
month.

37
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Let's try to change the number of public holidays to 8 and find a solution. Don't

forget to click on the Set button.

Make sure that the number is eight after finding the solution.

= ® =)

= | Solutions

Solution

”~
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TwoNightShift
TwoAfterNightshift
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per_Night_Shift
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Day:
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Staff Name
Staffl
Staff2
Staff3
Staff4
Staffs
Staffe
Staff7
Staffg
Staff9
Staff10
Staffil
Staff12
Staff13
Staff14
Staff15
Staff16
Staff17
Staff1s

t_Shift
t_Shift
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Days_on_0Open
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:_pe
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After
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At_least_1_nurse
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At_least_10
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13
14
15
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17
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areas marked 1n red, as shown below. Red Mark shows the hard constraint 1s not

satisfactory.

| Solutions

Open Tutorial6 Error and try to find a solution. You can see that there are many

Solution
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| u‘ & Tutorial6 Error 2
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Now uncheck Enable Implicit Hard Weight Column and find a solution. It will take

some time, but it will show an error,/as on the screen on the bottom right.

Checking "Enable Implicit Hard Weight Column" makes softening the hard column

constraints, which may result in an/ infeasible solution. We recommend unchecking it
when we investigate conflicting rjiles and discover the real cause.

~ @1t sesns there is a problmen in hard constraints. Further amalvsis bezins..

0.214000¢s8c)
0.223000¢s8c)
0.225000(=ec)
0.230000(sec)
0.232000(sec)

|| Solve
Solve
Soft Solving Settings Note
Ttem [ Enable| Weight | Allowabl Freparing Lo conpile.
Calling solver
Compiling constraints..
&lgorithm 1 Solving Process Started..
&lgorithm 1 Solving Process Started..
Solver Settings
- Algarithm 1 Solving Process Started..
Number Of Solutions 1 o 79
Prevent Repeated Schedule Errors ¥ o 64
Number Of CPUs 1 o 754
I Enable Implicit Hard Weights for Colum a 751
|5 T ey ) =+ o 743
Error Analysis v o 747
@nft Timanticarl 1n he PP

0.235000 (sec)
n

AOONAN T ~mn

@It zeens we could not zet satisfactory solutionsz. Analvsis routine investizates which constraints iz the problem..

40
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If you look at the lower right-hand side of the solution page, you will see " @ ..." Double-click on the red line to open the
constraint in question.The only difference between this project and the previous one is that the number of night shift entries is
4. Please set it to a maximum of 4 and a minimum of 3 and make sure that there is a solution.

(] o |[[= | =
Soft Solving Settings Mote /
Item | Enahle| Weight | Allowabl 33072 [KE] used. =

44,617000(zec)
03 14,025000(sec)
Trancated outputs due to too many items.
@Following combinat ions_of _constraints_are_conflicting.
@ CardinalityConztraint.Number_of Mizht _Shifts Staffig

_ ~ @& CardinalityConstraint.Nunber of M4t _Shifts Staff1?
Prliedelie ® CardinalityConstraj Tr_of Nizht_Shifts Staffls
Numhber OFf Snlutinng [ 1

(] o | ==
Oonsecutive_Off_Days] Flattening | Two-Shift  CardinalityConstraint l
Enable Set || CardinalityConstraint | v
i shift Pattern Soft First *
i No. | Enable Row-Constraint Name Day Type Group Type Constraint Type Max Min L 1 Day
0 1 2 3 4 5 6 Ve Type
f
b v Number_of_Night_Shifts ThisManth | A Member_in_Alll » | Max-Min_Pattern |~ 4 v 4 - -
f
7 3 - w || Tnhihit Pattern |- - -
fl =] Solutions EI@ ....................
: 4 Solution1
i E Filtas Pravicus Month ThalWaak ThaZWaak Tha3Waak Thadl L]
& Number_of_Night_S§ ~| Six Staff Name - | 27|28 |28 30|32 a2z 3| &| 5| 6|7 &|3|20(1112|23(24(38]|26|27 (18 (15| 20|21 (28] 23|24 |2
» | Tua|Wad|Tha|Fri|Sat|Sun|Hon| Tua | Wad| Tha| Fri| Sat| Sun| Hon | Tua | Wad| Tha | Fri| Sat| Sun| Hon | Tua | Wad| Tha| Fri | Sat| Sun| Hon | Tua | Wa.
: 11 4 staff11 pojpjopElpjpEplppElNjalRpiNjaEDDIN]aARIDIN]a R D
i 12 4 Staff12 (ol [ [0 o8 ok o 508 0 = (o ot o o o Ok 3 [k ot O o R e O [ R N o O )
Z 13 4 Staff13 pDopjpEDEpjpjpiNjaFEDinjaEDIN]AE DIN]aAR EE DD
14 4 Staff14 pDppppiN/aAFDiDDEiNjaAEDINjAEEiDDEDID]E|N]AEID
e 15 4 staff15 pDplpjpppjpjnjalEDFEDipjpENjalEDiDDEIDN]aAR R D
Staff16 ppppjpEjpppjppEFipFpjpipEFipppjpipfEipiDDIE v
< Staff17 pDplpjppEeipjppipFjopipelpjpipEpfEpipjpEipiDE D >
Staff18 pprpjnjaAlEppjpipprFjpFpEippEjpFpjpippDE DD
v




Tutorial 6 Error 4

This result shows that it 1s physically impossible to have
everyone do four Night Shifts.

We want to make everyone equal from the perspective of
load leveling, but in reality, we need to give it some play,
somewhere, as an inequality constraint.

It is clear from the results on the right that in this example, |

3-4 is an appropriate constraint.

Thus, it 1s essential to adjust the constraints while looking
at the solution.

= | Solutions
Solution 1
E
Number_of_Night_S - Six Staff Name
1 3 Staff1
2 3 Staff2
3 3 Staff3
4 4 Staff4
5 3 Staffs
6 3 Staffe
7 3 Staff7
8 4 Staffs
9 3 Staffo
10 4 Staff10
11 3 Staff11
12 4 Staff12
13 3 Staff13
14 4 Staff14
15 3 Staff1s
16 3 Staffle
17 3 Staff17
18 4 Staff18
< > |«
Column Constraint
1 TwoNightshift o
2 TwoAfterNightShift o
2 At_least_1_nurse_per_Night_Shift o
(| At_least_1_nurse_per_After_Night_Shift -
b At_least_10_persons_on_Days_on_0Open o
i At_least_5_persons_on_Days_on_Closed -
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« Ifyou see many red areas in a column constraint, suspect a hard constraint
violation.

e Uncheck “Enable Implicit Hard Weight Column”, and discover the cause.

« Rework or soften (see below) the hard constraints.

« A single constraint violation can lead to errors in unexpected places. In
constraint design, it 1s vital to ensure a solution every time you have written one
constraint.

* Don't panic, even if there is no solution. Conflicting constraints may easily

cause the problem. Let's get to the cause and brush up on rules, as we have seen
in Tutorial6.
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Open Constraints — Row Constraints.

|2 | Row Constraint

[
Conzecutive_ Off_Davs l Flattening ] Tiwa—Shift ] CardinalityGonztraint ]
Enable Set | Cionsecutive Off_Davs | D @
Shift Pattern s First
No. | Enable Row Constraint Name Day Type Group Type Constraint Type Max Min Level Day
0 1 2 3 4 5 6 HE Type
1 Satsunoff A“mmtr'ftﬁms- = A_Member_in_all v | Max-Min_Pattemn |~ * 1|v 5 |+ sat |»
TwoDaysOffafterafter_Night_5 @ Automatic_This_ o L ] .
2 hift._ifpossible. Month [ A_Member_in_All = | Inhibit_Pattern |« A v - - 3 |- /

This ¢onstraint is a soft constraint. A soft constraint is a constraint with a

1 to 7|in the soft level section. For now, check the Apply box, click th
find a|solution.

-
&=

Conzecutive Off_Davs l Flattening ] Two-5hift | GardinalityConstraint |

Enable Set | Conzecutive_Off_Davs = | Solve

Snlve

Check “Apply”
and find a

Mo. | Epable Row Constraint Name

Soft Solvj .
solution.
Item
—
1 Vv SatSunOff Row Constraint:5 /|

Row Constraint:3

2 TwoDaysOffafterafter_Night_S
ke hift_ifpossible.
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I Tutor1al8 The meaning of soft constraints

Ry

You will get the following result if you find a solution. You can also see violated
portions in yellow marking for the soft constraint. You can set the wei
The larger the value, the higher priority. For example, if the wei
importance 1s increased tenfold compared to 1. /

t for each level.
t 1s set to 10, 1ts

Salution =] Salve
I | ] ‘ Solve
SatSu -~ | TwoD |~
Soft Solving Settings Maote
1 1 0 i -
5 ] f _Atem Enable Weight 1 Allowabl
_Row Constraint:5 v 1 3 | I | |
3 1 0 P_—
Row Constraint:3 v 1 3 | Weizht | Errors | Cast |
4 1 0a” | | | I
3 1 1 | | | |
i 1 0 | mo | n n
I 1| 7 7
7 1 1 Solver Settings 2 | | | |
e 1 1 Number Of Solutions 1 | | |
9 1 il Prevent Repeated Schedule Errors v | Tatal | 7
10 i 0 Number Of CPUs 1 I I I
11 1 1 Enable Implicit Hard Weights for Colum v o 7L00
Hard Timeout({sec) 30 56228 [KB] used.
= ! ‘ Error Analysis v v 42.541000(sec)
13 1 0 —
14 1 0 Staff14 DpEppEppp/NjaAEEDDDDDE D
15 1 0 Staff15 DpjpppFpjpjp/ppEDjpN/AEEID]E
T i 0 ED [0 e oo 5D B0 [0 [0 N [ g E1ln
22 RS = 0 B0 [0 [0 o o N & B EVENID [0 [0 N 6118
18 1 1 Staff18 DjpepPElppipppENjaE EDD|N]A




IR Tutorial8 The meaning of soft constraints 2
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» Constraints that are not soft are called hard constraints.

» Almost all the constraints can become soft if desired.

« All hard constraints must be all satisfactory, which means that no
violations are allowed in them. Otherwise, we have no feasible solution.

» The best scenario is to mix hard and soft constraints with some ratio, to get
a feasible solution while getting rational solving speed.

 We have many actual samples in the Gallery. Please refer to them on how
to describe hard and soft constraints.
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Find a solution and open the solution page. There are seven soft errors (soft constraints not

being met) marked in yellow (this may vary slightly depending on the environment).

The column
and row =
. Salution 5| Solve
constraints are L [
N Siolve
the same as in SR - TW‘?D\\ ‘
. . Soft Solving Settings Maote
1 1 0 N
TutOI'lal 7, Wlth 3 ; ; N Item Enable Weight Allowabl
0 /1 Row Constraint:5 v 1 3\ | I |
3 1 0 P_—
CITOTS. A ; ; B~ Row Comgtraint:3 ¥ 1 3\ | Weight | Errars | Cost
. . | | |
Where did this |5 : | | |
differen - : LN ] !
1 7 7
crence i 1 1 Solver Setti ) I I I
Come‘? e 1 1 Number Of Solutions N 1 | |
9 1 il Prevent Repeated Schedule Errors  N_ v | Tatal | 7
10 1 0 Number Of CPUs N I |
11 1 1 Enable Implicit Hard Weights for Colum v N\ o 700
Hard Timeout({sec) 0 56228 [KB] used.
= : ’ Error Analysis ¥ v 42.541000(sec)
13 1 0 R
e gL DD [/ (D /EmIpDNAEEDDDDDIE
15 1 0 Staff15 DojopppFlopppjpEppnjaFE D
16 1 1 Staff16 DE D DEF D DDDDE DD DN]AR]E
17 2 0 Staff17 DEpDppEppNnjaEEEDDD[N]AE
18 1 1 Staff18 Do o FiopjpjppEN]aAEEDD]N
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Open "Schedules." Because of the scheduling constraints, there were some cases
other condition couldn't be met (no schedules were in place in Tutorial 7).

Refer to the user
manual for details on s_ﬁ;i: Constraints  Schedule Solve  Solutions  Windows Settings  Help

how to enter P NAF

S Che dul e s Filtas | mmmmmmm ThalWaak ThaiWaak Tha3Waak ThadWaak
* Staff Name | 2728|2520z fa 2| 2| & s || 7|8 5|20 22|22|2a| a8 126|272 25|20 22|22 22| 2| 25]26(z27
- i Thu | Fr: Sun| Hal o | W Thu| Fr: Sun| Hon| Tua | Wad | Tha | Fri| S; Sun|Hon| Tua | Wad| Tha | Fri| Sat| Sun| Hon| Tua | Wad| Thua | Fri Sun | Ho)
Staff1 B Bl [ ] el
Staff2 [ HE |
Staff3 [ =l B B
Staff4 % 4 & 4
Staffs [ B = =l
Staffe [ | [ | e |
Staff7 || [ || [
Staffs [ - .
Staffo P P P P
Staff1D T T Gl
Staff11 B = B B
Staff12 [ E E B
Staff13 B [ B E
Staff14 Tl 1| B T
Staff15 T T Ele
Staff16 [ e Ele
Staff17 B B B P
Staff18 elRl B B



https://www.nurse-scheduling-software.com/publications/schedule_nurse3_user_manual.pdf

e R T N R T T e T [ - S TR [
EEERERE R R R R
! [z [22]o (o [dH]a (o o [@d5]a (2o = [« (2 o BE]a
2 [« [a o k2o (oo RE]e [o @:]a [z 2o (< o
Pu_nﬂ —Pu oI Pu_nﬂ —Pu =] PH_PH—D e[ =] _N —Pu
_PH_D oI PH_N _Pu [=f=] _N _D =R _PH_PH I PH_PH_PH
EEEE R R R R E R EE
o [22]a [« 2]z (o (o [Ri]e BEa [z ]a oo (o [«
EE R E E R EE RN EEE R
o[« (alac <o kfei]z o [z ki)a (o (o Lo (o
o[z [a]a [z [o aiai]a BEa (< [a [ B (o |a
_PH—D —Pu_D _D —Pu—ﬁ _A _D —Pu—Pu_N _PH—Pu—Pu_N _PH—D
_PH—Pu o PH_D —Pu 2 (& _PH—A oI _D —Pu =<0 _PH—Pu
[efaalalalalolala ]z Hiaia <z Lilii]a
EEEREEE R EREEE S EEE E

N

ThadWaak
Tua|Wad| Tl
=i
u
P
"
]
D

=

Zat|Zea|Han
D
N

D

7(18 |15 (20| 21| 22| 23 | 24| 28

ThalWeak

Tua|Wad| Thu | Fci

14|18 (18| 1
Sat | Sun|Han| T

erence between tutorial 8-9?

m 2|8 [aleale wio kafaila [a [z [« (o o ai< [z [
B zlilalelelel<|o kikila ko (z ko <z [a o
S = A =Y CX A = =Y =) [ = =3 =R =3 =
= m _PH—Pu oI PH_D —Pu =22 _PH—A [ ] _An —Pu [ ] _PH—Pu
" m _D —D —ﬁ _A _PH—Pu—D _PH_PH—N —Pu_Pu_N —D —Pu_Pu_PH—D
AN =R B3 = 3 = 3 =0 =3 1 =N =X (=3 =)
PR =0 P =1 =) = =3 3 3 P =R = P =Y =R =Y =)
m R EEE R E R E T R = R

A= R R E R EEE E R E R
I ER R P =0 P A == = =R =0 =0 O = =) (=3 3
< _PH_A = PH_PH_D oI PH_D _D oI PH_D _N
_D —Pu o= _PH—N [ PH_D —Pu =] PH_PH—D [ PH_PH—D
[Z]o[zhile]z[olomEzaloalalala|a s
B =R = C3 A =Y 3 A= =Y =3 [=3{1=1 = I Call=3 [
[ [« [« eija o kf<lalajala(alaia o @i]a

[« [a2 [= a[a

z

Sat|Sun|Hon
D
P
0
P
n

(311

Pravicua Month

D

7| 28|25
Tua|Wad| Tha | Fzi

2
B
o

A

A

A

D
o3

D

D
D

D

D

—PH

-
-

~
L

d

10:10:L

n

n

t

i

We [Th |Fr | S5a| Su|Ho [ Ta |[W

d|m

10:10:10:10;10

]

n

t

i

We [Th | Fr | S5a| 5u |Ho | Ta

d | m

10:10:10:10:10

n

]

t

We [Th|[Fr | Sa| 5u[Ho | Tu

d| m

10:10:10:10:10

n

n

t

We [Th |Fc | 5a| 5o |Ho [ Ta

d|m

10:10:10: 10

To
-

Filter

-

t_shift
Open

t_shift
r_Nigh
5_on

Day:
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Find a solution and look at the solution. In Tutorial 8, We have some soft errors
indicated by yellow marking, but this time, it seems we have no violations here even
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w7 Tutorial Softening schedule constraints
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Actually, in Tutorial 9, we softened the
schedule to a weight of 1, and all other values

|| Solve

Solve

remained on 10 Soft Solving Seftings———
o -
Item Enable Weight Allowabl
Row Constraint:5 W 10 3
Row Constraint:3 W 10 3
Scheduled Constraint:2 W 1 3
i Schedule EI Sl |
Undo r‘ m W‘ m F‘
Filter }ious Month Thelweek The2Week The3Week Thed4Week -
Staff Name - 29 30 31 1 2 3 4 5 3] 7 8 \9 10 1T 12 13 14 15 16 17 18 14 20 21 22 23 24 25 26 27 28
»| Thu | Fi [ sat [ Sun [ Mon | Tue [ Wed | Thu | Fri | sat [ Sun [ M\n | Tue [wed | Thu | Fri | Sat | Sun | Mon | Tue | wed | Thu | Fri | Sat | Sun [ Mon | Tue [ Wed | Thu [ Fri | sat
Staffl FH \ FH FH FH
Staff2 PH PH PH
Paste
Staff3 FH FH \ Copy FH
Copy as Text
Staff4 R Clear Selected Portions R ]
PH Clear Al PH PH FH
Staffs Set Hard Constraint on Selected Portions
Set Soft Constraint Level on Selected Portions
Staffe FH FH | FH
Lock
Staff7 PH Generate Random Schedule
Print
Staffs FH FH Print as Harcopylmage
Export to Excel
Staffo PR | PH Copy to Clipboard FH y
< Output C5V File >




. “; % Tutorial9 Comparison Result with schedule

z

The difference between tutorial 8-9 is soft and hard schedules. In tutorial9, we
have softened the schedule to level2 at weight 1, which is a weaker value than
the other constraints. As a result, the solver changed it from the original. You
can see the changed portions as red square markings

_ |- | Solutions
Solution
e D@@ [
Fiices 2-ovious wontn ThaiMgak Thaznaak Thatmaax
' Staff Name - |z ]z [zs] 30 = [ = [ 3 [T« \s [l [ 7 [ = o] x] 2z jze [ xe | 2 [ae]as 2 | = B8] ==
Fircas | - Thetieax ez — R [S
« | 2| maa| zaa 7oz | 2| Sun| non 2ua wea| el 7oz | 32z 5ua| nen | 7aa|Waa| zna| 2x | 3at Hun| Men | mea| maa 2na | Foc | san | 3un) ves =
Staff Name L |27[za2s[z0 [m|f@] 22|« [=s[&[ 3 |@] s A8 11]12]13]1a[a8] 16|17 18| 15[ 20 21 [[22] 23 [ 2a [ 25 [ 26[ 27 2a [[&] =0 1 StaffL mABRNDDEDDD DD ED DD NAREDDDDIDENAR
« | a8 wac| mna| 7o | 32 | San| mon| 7ea| Wad| 2na| 7t | sat Gl Kon | Tus | Had| Tha| Fet| Sa%|Sun|Han| Sas | Wea| Tha| o] S5c|Sen| Man Zua| Ned|Tha| Fex| 325 Se|Ma| | |-
S = = = = 2 Staff2 ppipEFDiN[ARFIN[AFF DD DN[AFFDIDD[D[DED[D
3 Staff3 pDfalalDFEED/N[AFENAFFDD/D/DFD/DIDD[D[E D [D]N
Staff2 B PP [ | u e v ln v ln " o
2 - = 4 Staff4 AFialpnNjar P ppijN[aAFFpDDjp[DEDjpiN{a R [E DD
Staff3 5 = = = | a4 4 o 18 i ) o la i
H H H H 5 Staff5 AajaAlaAFFppopjpE oo NaEE Do [N]aAE EINIA R
Staff4 A R 4 P = e
" = = " 6 Staff6 FoplaAlNN/AFFDN/AFFDDDDD[ENJAFED/D[DE[D[D
Staff5 R F F F =
= " - 7 Staff7 aAFDPF D DjppDjppFDjpDN]aAE P iDlDIDD[D[EIN]AR
Staff6 [p— = = = | o n w b n u I " n
H H H H 8 Staffs ApDlADFFppNaEF D NfAF FiDDDN[aAE FD[DDN]A
Staff7 a 5 B s ] i
9 Staff9 Tt s ndn n INjAF DD FDjp/DM[AEE DD
ey S = = | S i LR it
S Bl = 1 Staff10 Send to Input View FojpjnjaF e [njalEElDD[N]alE E D
Staffo E F P " = o n w ln n Lo n ln
SR o - * " = o | 1 Staff11 Ry NjaAFFpipjppE oo o iNjfa s DD
= o z < - H | L Staff12 Copy as Text DEFppppjpEFjp[ppfo[D[E DD D
Staffl1 B B o 1 Staff13 Compare Result with Schedule riopfnjaEFopjp[n]aE EiDE DN
Staff12 B E F " = a . ln n ln H
£ = " 1 Staff14 Print PFPDpiN/AEFDN[aAFFD[DD]N A
Staff13 E e F F = e o lb b e
Skt H . H = = H = 1! Staff15 Print as Harcopylmage FoiN[aAFRFEN[AFEFE[DDD[N[AFEIE]D
eris e e = - e 1 Staff16 Export to Excel pINjaEFDpN[AE[EDID/D[E DD D
Siis " - 5 < == L Staff17 Copyto Clipboard peloplppp[EinjalrrD[D[N[a e
H i Mol 1 Staff18 : DEpjppipjpEpjppM{aE[EFDfD
Staff17 " P " [ [ = Output CSV File d - alen
Staff18 [ H P R
N Tu | We|Th|Fr|Sa|Su|Mo|Tu | We |Th|Fr|Sa|So|Mo|Tu|We|Th|Fr|Sa|So|Ho | To [We|Th|Er| Sa| Su|Ho | T
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3 | At_least_1_nurse |~ ziziti1itiaizitiritiriaitizititiriziairitiginin
4 | At_least_1_nurse |~ @izizilirilizigililililigililililililizililiail
5 | At_least_10_pers [~ 10:10:10:10 1018 18:10i10 1018 :10:10i 10 10:10:10:10 10 10 1
3 At lasct 5 naren [ e i e i 5 = ie
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= You can soften the schedule by every day and the staff with 1-7 level at any weight.

"  You can get the desired result by adjusting the weights of soft constraints. This
process 1s optimization itself, minimizing the sum of values.

= The role of the solver is to find assignments minimizing the objective value.
However, please note the solver does not know what is crucial for you. So,
determining the weight of the constraint is your job.

= As a conclusion, the computer considers the minimum possible amount of the sum
to be optimal. The user's role is to adjust the weights so that the computer's and the
user's ideas of what's an optimal match.
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« We, as humans, tend to constrain things overly. If you take everything to be a
hard constraint, there will usually be no solution. Therefore, we need to
properly weave in some soft constraints to get to the solution.

« We all often experience not being able to please everyone. There 1s called a
trade-off, where one thing increases and another must decrease. If we take
one thing, we must discard another in limited human resouces. Please note
that what you think is essential and trivial is entirely up to you, using hard
and soft constraints with arbitrary weight.
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Find a solution. Open Constraints — Pair Constraints. Just enter the pair prohibitions as
1s. Below, night shifts between staff mem to 2-5 are prohibited.

ule Murse (Il C\Users\sugawh\AppData\Reaming'isugs

File  Settings | Constraints | Schedule  Solve  Solutior

Column Constraint

Row Constraint

| Pair Constraint |I
Constraints by Language
Constrants by Python
|+ | Pair Constraint E\@
PairCanstraintGroup | ] PairConstraimtGroup? ]
Enable Set | PairGonstraintGroup |
- - . A B
No. Enable Pair Constraint Name Constraint Type
Staff Definition Operator Shift Type Day Type Staff Definition Operator Shift Type Day Offsat
1 v Prohibit_Staff1-2_Nishift_Shif_. Pair_Inhibited |- Staffl - e MNight_Shift |- ThisMonth [+ Staff2 - OR |- Night_Shift [« -
2 v Prohibit_Staff1-3_Nishift_Shift_: Pair_Inhibited [~ Staff1 - OR - Night_Shift [~ ThisMonth - Staffa - OR. - Night_Shift [~ -
3 v Prohibit_Staff1<_Nishift_Shift_. Pair_Inhibited |~ Staffl - orR [ Might_Shift |- ThisMonth |« Staff4 - orR |- Night_Shift |+ :
4 v Prohibit_Staff1-5_Nishift_sShift_: Pair_Inhibited [~ Staff1 - OR - Night_Shift [~ ThisMonth - Staffs - OR. - Night_Shift [~ -




Saving a project

e
e Click File — Save to save a project.

* In some cases, you may want to revert to the earlier settings, so you can save it as
a different version with the option "Save As."

|=| Schedule Nurse Il C:\Users\sugaw)\AppData\Reamipglsuga

m Settings  Constraints  Schedule  Sotte  Solution
| Open Project P
| Save re ||/

Save as

Exit

Open Project File from Github
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A project consists of the following three dates.

« StartDate
This marks the beginning of the month. It doesn't necessarily have to be the first day of the month.
* FinshDate

This marks the end o
« StartDisplayDate
Indicates the start date of the display.

onth. It doesn't necessarily have to be the last day of the month.

|= | Solutions E@
Solution 1
A B h{k | Erevicus Ih\% ThalWaak ThaZWaak ThaZWaak ThadWaak
- Staff Narr'e - 27| 28| 25| 30 3\‘1 z 3 4 o L] T & 3 10 (11| 12|12 | 14 |[15| 16| 17| 1B | 15 | 20| 21 || 22 | 23 | 24 | 28 | 2e |~ 28 | 25 a
w» | Tua | Wad| Thu | Fri| Sat | Sun| Hon | Toa | Wad| Tha | Fri| Sat| Suii| Hon | Tua | Wad | Tha | Fri | Sat | Sufn| Hon | Tua | Wad| Tha | Fri| Sat | Sul| Hon | Tua | Wad | Tha | Fri| Sat | San| Hon
1 Staff1 Ajajajla/apppp/p/p/ppjpipjppjpppppppplpjpjppppppDiD
2 Staff2 Alajlajla/aipppplppjpipjpipjpipjp/pppppjpjpjpjpjopjppppp DD
3 Staff3 Aaala/alDbDipplplpp/p/ppjpjp/p/pppjpjpjp/p/ppjpjpjpjpD DD D
4 Staff4 alajajla/alppipipiplpp/pipipjpjpp/pippjpjpjppppjpipjpipippip D
5 Staff5 alalalala/D/p/pipipipiDip/p/p/p/pip/pooipipipioiopbp /b oo ool
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Let's try to do 1t with Tutorial 10. Click Settings — Date Definitions — Scheduling
Period — Start Date. Click here to go to the next month.

- | Day Definitions e[ -E ]

Scheduling Period  Prgfefined Days  Month Characteristic Days  Day Aeeregates

StartDate
November 2020

StartDate Sun Man Tue Wed Thu Fri Sat

| : ) : E

] 1 11 12 1 14

15 16 17 18 13 < 21

22 2 24 25 26 27 28
29
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Click 1 and then click the Set button. This sets the Start Date.

.= | Day Definitions
Scheduling Period  Predefined Daya\_Month Characteristic Days  Day feeregates

Set

StartDate
December 20X
StartDate - -
Sun Man Tue ned Thu Fri Sat
A Y, 3 4 b
B 7 2 9 10 11 12
13 14 15 16 17 18 15
20 21 22 23 24 25 26

T 28 2 30 £y
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Click on FinishDate, click 31, and then click the Set button. This sets FinishDate.

(=] 5 ]

|+ | Day Definitions

Scheduling Period  Predefined Davs  Month/Characteristic Davs  DavMeeregates

Set

FinizhDate

December 240
StartDate

FinighDate
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Click on StartDispl;?rDate, click on the 26th of the previous month, and then click on the Set

button. This sets the/ display start date.

- | Day Definitions =R HoR ==

Scheduling Period  Predbfined Davs  Month Characteristic Days  Day feereeates

StartDziplayDate

n November 2020
Sun Mon Tue wed Thu Fri Sat
1 5
8 9 10 1 12 13 14
15 16 17 18 19 1
StartDziplayDate
[ 14 ] At_Teast_1_nurse_per_After_Night_shift - [ : : 171z

Click on the StartDate, FinishDate, and StartDlsplayDate to make sure that they are
all set up correctly.
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Click on the solution and then click Send to Input View. This will send the solution to
the schedule.

= | Selutions EI‘:&
Solution 1
A | B ‘ C Filter ‘ Previous Month \ ThelWeek The2 *
Nights| - | After_| - | After_ |- Staff Name - 27| 2| 2930 ]2 1 2 3 4 5 6 7 B 9 [ 10 [ 1
| Tue | Wed | Tk e — Wed | Thu | Fri | Sat [ Sun | Mon | Tue | W
| Send to Input View = —
1 0 0 0 Staff1 PH1A Copy AP {D|/D|ID]||N
= Copy as Text ) Tn
2 0 0 0 Staff2 D|D]|D _ FRLID |ID PR D |IN||A
— Compare Result with Schedule - —
3 0 0 0 Staff3 D A Print PH FH N fiy FH FH D
— Print as Harcopylmage — —
4 0 0 0 Staff4 A |FP | A ExporttoExcel D||{N|A [ D
] Copy to Clipboard - o
5 0 0 0 Staff5s A|lA | A Output CSV File D||D|F"||D &)
6| o 0 0 Staff6 P A A A] D] [D|F] D] |D] N A ] D D
z | a n n Staff7 AP p PR F] DI n]nlinlin1FlnlIn1TalF
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Open the schedule and check it. By saving the project with Save or Save As, the project

for this month is complete.
After adding work and vacation requests, find a solution for the next month's project.

++ Schedule
o)A
Staff Name = | T = | = — = .
Staff1 D FRTIN | A
Staff2 N A | PP {D
. A PP P D
Staff4 D||D || D
Staffs D{D|[{D D
Staff6 D[|N|{A [[FT |
Staff7 D({D|[{D|[F|ID
Staffg DD [{D [{D|D
Staffo D({D|[F(/D[|N
. o . FH Ten 1 a1 TRRC] IPHCD
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* Congratulations! You now know the outlines of this program.

« The standard form for two shifts is Tutorial9. It's a good idea to use this as the base
and then make changes an additions depending on the customer's specifications.



Solver The software equivalent of a brain which solves a problem.
Constraint A work rule
Solution An answer which satisfies the constraints

Hard constraint

A constraint that must be satisfied

Soft constraint

A constraint that should be satisfied if possible

Minimizing the sum of weights times the number of errors by

Optimization reducing the number of errors one at a time

Resource Human resources.

Row A horizontal line

Column A vertical line

Satisfying Satisfying a constraint

Error Failure. Mistake (deviation from a target, a penalty)

Bottleneck A state where there is no solution due to the difficulty of satisfying the constraints
Trade-off A relationship in which you have to sacrifice something else in65

order to achieve something.




A customer-specific configuration file containing constraint,

Project file schedule entries and solutions. It is usually created with a different
name for each month.
Company SE Our system engineer
The absence of a solution (the error that the solver shows
Hard error . ..
when it finds a contradiction)
Solutionl The first answer. Solution2 is the second answer.
Soft error Where soft constraints cannot be satisfied.
Optimizing Minimizing the soft errors, including the weights
: Contradictions between hard constraints. A state in which
Conflict

there is no solution that satisfies both at the same time

Over-constraining

A state in which there are too many constraints and it is
difficult to find a solution which satisfies all of them at the
same time.
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