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B Sample operation video
Get a feel for how to use the program

-
57 Structure of the document

M 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
This explains advanced usage methods.

B A manual for constraint programming in Python
This is a programming manual for more advanced users. 2


https://youtu.be/0vuGpXbO2Wc
https://www.nurse-scheduling-software.com/publications/schedule_nurse3_user_manual.pdf
https://www.nurse-scheduling-software.com/publications/schedule_nurse3_advanced_user_manual_ver1.1.pdf
https://www.nurse-scheduling-software.com/publications/python3_constraint_programming_manual.pdf
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IR Sample operation video
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Watch this video of the program in action to get a feel for how to use it.
The important thing to remember 1s that the shift work schedule is created by
constraints. These are the three main points:

= Constraints are created by people.
» The program calculates the solution that satisfies the constraints.
=  Optimization is adjusted by weight.

Let's start with a simple example and gradually move on to more complex examples
with the tutorial (designed to teach you the basics by having you operate the software
as shown 1n 1t yourself).

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


https://youtu.be/0vuGpXbO2Wc




w7 The screen after launching the program
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This 1s the screen just after launching the program. Click “File.”
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w7 Loading a project file
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Click ”Open project”
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Loading a project file 2

<
i‘g_
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 12 meant for
practice. Double-click on Tutorial 1.

Il TE B FEAD KE £ T2 FO0EE AT

LR [ = ]
@Cv| | « O—FUL FARZ(C:) » I—H— » taksugawara » D 0—F » schedule_nurse3_130A » FOTTAHRIZTIL » - | 4 | | FOSTHMTILDEE 0|
R~ FLWIANS— = O @

L] EHOE =3 X

| excel_sample 2020/06/08 9:52  JF-1IL Tl

| python 2020/06/08 9:52 7L F3t )l

. soft_constraints_samples 2020/06/08 9:52 74 T ..

| EEIFER 2020/06/08 :52  I7-1IL Tl

okt 2020/06/08 9:52  J7-JL Fstll...
|£|ff—:|_— UL 2019/08/21 14:04 MNURSE3 F7-Jl 263 KB
[E Fa—-truriL2 2020/06/10 12:46 MNURSE3 Z7-1JL 281 KB
ElFa-rumiL3 2019/08/22 16:18 NURSE3Z J7 Il 264 KB
[E Fa-ruFiLe 2019/08/22 16:19 MNURSE3Z J7-JL 288 KB
[E #a—ruriLs 2019/08/22 16:20 MNURSE3 F7-1JL 293 KB
=l [EFa-rUFILE 2020/06/08 13:52 NURSE3 Z7-fJL 288 KB
[E#Fa-ruFlexsS— 2020/06/09 10:27 MNURSE3Z J7-JL 280 KB
ElFa-ruFL7 2020/06/08 14:45 NURSEZ J71JL 287 KB
|£|ff—:|_— UL 8 2020/06/09 12:26 MURSE3 J7-JL 285 KB
[E #Fa-rurFiLe 2020/06/09 12:30 MNURSE3Z J7-JL 297 KB
ElFa-rurmiLio 2020/06/10 1:02  NURSEZ Z7-JL 297 KB
|£|ff—:|_— UL L 2019/08/22 16:29 MNURSE3 F7-Jl 297 KB
[EFa—truriz 2019/08/22 16:32 MNURSE3 F7-1JL 459 KB

T7 A ILEN): - [nurse file (*.nurse3) vl
| B8<o |v| | x|




w7 The screen after loading a project
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This 1s the screen just after loading a project.




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

the following screen.
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ing the “Solut
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Max

You can maximize the screen by clicking here.
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How to operate the “Solution” screen

You can toggle between zooming in and out by double-
clicking on any point on the "Solution" screen.
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IR Changing the screen layout
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You can change the layout as shown below.
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There is only one constraint in this project. Let's take a look.

Click "Constraints" — "Column constraints"
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| u‘ & Column constraints 2

N

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

= [this month],

= for [all employees],

= for [day shifts],

= perform [shift enforcement]

It's not that hard after all!
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B Finding the solution
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Click on Find solution here, and then click the Find solution button.
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Indeed, all staff members worked the day shift this month.

This month
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w7 Turning column constraint groups on and off

ey

There is 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 how1t changes.
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It 1s no longer true that all staff members are on the day shift this month.
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w7 The difference between having a constraint or not

hen I
There is a change in the way the solution appears depending on whether there is a constraint or
not. Try and see it yourself.

| ATTa— )L —A T
. P .

M [t is not clear what is

JrL BE OB# FEAH R _ _ e e s -
== / going to get ass1gneF1 when 1 = - H- -
=] there are no constraints. The |: = e : - -
BEEEE: / right screen just happened to |- = % é é é é E
— - G B L — . . . . o A
) i D thidailacd turn out like this, and it a e A BEEEERE
S| RE: SRS L= - . & ANBAR A B
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— constraint, all staff
S Sugawara ] i
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[ : :f' ETEEEEEEEEEE....HE
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You cannot predict what gets assigned. In other words, you cannot control it. You have
to place some constraints (since there is nothing to control it). We state this again, as it
is especially important.

You cannot predict what will be assigned to you if you don't have any constraints in
place. You will get an arbitrary assignment.
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\ Turning individual constraints on and off

P
N

To turn off individual constraints, uncheck the T e, sugawara¥Downlo:

" box and click the "Set" button. L BE BH TEAN RE OB U0
To turn on indivi constraints;sheck the ‘O

"Apply" box and click the ' . L=

Note that your settings won't be saved if y

| =5 515
don't click the "Set" button.

Sl L -2 |FURIEIHL -T2 |

piiliE FIRIEIL—2
(This applies for all constraints that appear later
on as well.)

7 1

\ = BHIFIEIE

P & HIT Al

1|k | (b =

As with groups, check how turning individual constraints on
and off works by finding solutions for them.
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Tutorial 2 Changing staff member names

o AT F—2 T C¥Users¥tak.si

Click on Settings— Staff Definitions— |

H . S70L | EE | M BEAR K
Staff Definitions— Staff Name 1. Click BEEE D
again to remove the blue co YOMER
make it editable. Try typing in an T TR
: — BRAOEE
name. | ISwIEE |
— ) 2svoEs < 2OER
|| AmevEE Amomouok [
. : g e
After clicking the "Set" button, try &‘\ “ |
. _2 No. \@ ARy B ‘ byl 225781
to find a solution. S| oA =
D= e =
*See for yourself that the 1 A — 22927
. 2 A v AANTER s Kl
member names change durin R . —
. J7rIL. BE OHH FEAD ORE 8 J2EO0FE AT
Solution screen. -
i
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w Tutorial 2 Adding shifts

ey

. ] o . -.jj'ﬂb fﬁ ”sm FEAD RE B s EooR: j Ao —).+—2Z I f
Go to Settings — Shift Definitions — right EH— SrL | B | EM FRAR @
click inside the Shift Definitions table and a EEE
menu will appear. Add a m\ o an| e e s — FIRER |
, , I v o R v 9] @ TR g |
We added a late shift to try it out. g e = MR '« B : s
. 7 — Gk | oy e v
If you look at the coltwnn constraints after T ]
clicking the Set button, youy will see the late | — '
shift we just added in a shift ¥ype column.
. . JrL RE W FEAD RE B O VFO0RE AT
See ourself that finding a sottion after Tooie =
you click the~Set button produces a diferent
SOIutiOn- No. | A ‘)75% h:! 340 BUEE B#IIH
e  uF : .
: 2 "):‘0 Gre::\?:”nw g i\\ : "
s 15 £ e = =
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3 26783 AR 2 ] PolErE ‘ 120509 TN W
. Hrrts— E v NI e &2
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The reason it says "late" for Saturday and Sunday is because
the weekday type is set to weekend. (described later)
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| u‘ Tutorial 3 Cardinal number constraints

‘v—w

A constraint where a number is counted is called a cardinal number 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.

= B #1489 — =
SRR~ |FEL-72 |

7) 8 SR~ 1

No. | M FIHEIE ‘ 126547 IN—I84F SIMEAT HiEI8 1T ‘ BX ‘ g | FESEOIRLAL VIR LAl
W= ABE=A ZH - LSLoy . 30 O BABIOW ] 2 [ 2 |-

- . S50E L : -

=S : S5RE

= set the [night shift]
= for 2 people.
Let's check it by finding a solution.
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w7 Tutorial 3 Adding a column constraint

Ry

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

EEES — ==
SIS 1 | PR -72 |

7] 8 SRS~ 1

No. | HS AHEE ‘ 128547 P13 SIREAS B84 A | & | REIEDOMAN L opry
T [ TOE=A SH [~ ST - A0 - BABIM -] 2 [-] 2
2 |l BT A SHTS E2y7 . G S5 Tl S
3 - - . IR o -
. e
Click on the Set button =
and then find a A | 8 | c | © o
] - - - AR5 - 27 [
solution. S
The number of people ] > i Al L
for the day after the i " AL
night shift is displayed i i AL
when you set the 4 A7 AP
section for two people. 5 XIS AL
6 28576 AL
7 ARy IET AllD
o RlEigER 2114 | &
i 1 A=A [~
—~— HiE =T,




| “‘ ‘ Tutorial 4

ey

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.

= B #1489 — =
SRR~ |FEL-72 |

7) 8 SR~ 1

No. | M FIHEIE 126547 IN—I84F SIMEAT HiEI8 1T BX g | FESEOIRLAL VIR LAl
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2 . . . SRt . . . - &

—_———
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w7 Defining the group type

Ry

We will add a constraint that makes it so that, out of nurses and assistant nurses, at
least one nurse 1s included in night shifts. Currently, the only group type option is "all
staff members." This 1s an explanation of how to show the "nurse" and "assistant

nurse" types.
R [E=5 Nl =<

Flga2L 71 |FURESN =72 |

| ER S

No. | @M HIETE ‘ 126547 SINBAT Fi57 BA | B | FESREDUIRAL L onm
— = TAE=A 5A A - BABIAE -] 2 -] 2
2 [ E B = A AR T N T I e I
2 =i . SRR : .

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

Deﬁnltlons SCreen. mb'*)J—Jld‘—E I _C:¥Users¥tak.sugawam¥Downloads¥sd1€dule_nur593_1_29C¥j’I:I“BI’) I‘U",‘/j’)bﬁ!?:i—_r_-u L4 .nurse
IrAIL. BE EH FEAND KE B 2 RI0EE LT
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)l

shown 1n the blue part on the — =
right, then click the Set 2
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button. o i
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‘ “i Defining the group type 2

N e n -

I|£| AoTa—)LF—A I C:¥Users¥m=.wﬂawara¥[)0wnlaa chedule_nurse3_129C¥ zg‘jlz E‘/z)wﬁ— E'J?JIA .nurse-

If you look at the Staff Definitions page, s e
you'll see that an attribute section called feg

= E a&=uh
= REvTER
2h7EE | 2moeouzh | S-TEs [ -7%s [ 2nrEnsas|

Functions has been added and that you can
select it.

. . \—
With this, you can set up each staff member. N

EGE l

N T 23575 vk LA5IEE B
. 1 v ARwIdE1 2187 - =1
H 2 v AAvIE2 — -
You can leave it blank for those who do not 2| e ks A -
. . . . | | 4 v A4 22207 -]
v wIEE W
fall into this category (e.g. administrators). - 2ot e
| 7 ) AR BT 2897
8 v ARwIEs 2807
= 9 v ARwEe E A
10 v AwIE 10 22857
|| Tal v AAwTE1L 2287
12 v ARyIE 1 2280
13 v ARy g 13 22187
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17 v ARyIE 17 2287
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IIEI ALTa—)F—Z I C:¥Users¥iak.st fmhadﬁsdmdule_numEB_lm 2§‘71§ E) ZJE— EU?J -4 .nurse
—————————————————

| Zrzl FE B FEA RE B O FU0RE AT

There is now a selection for group typesin |27

1= 5l 9

column constrai s well. | Fmis—1 P2
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w7 Tutorial 5 Setting the day of the week

ey

Open Tutorial 5 and its column constraints. "Nurses - night shift and the day afterwards - at least one" is a
constraint that we added on the previous page.

(=] 51 &g —
BRI 1 | PRI -T2 |

J| &R FUFIFILIL-T1

No. | A e 1ZE517 P—I54I YINEAT L SER BA | & | FEIEDINL o
1| v KOEZA 58 - £3597 - A0 ] BABIZMOR [ 2 [ 2 [ : -
2 | - 55 22503 5 e . : . : .
3 | v 58 B 5 N G e . : :
4 | 58 s S . . : =
5 | FHOEE B e 23557 S 1 e . . : .
6 | v B B3 SR LLE I ES ST e - : -
7 = = = = = o
A - - - - -

The new constraint is the day shift. An additional constraint is applied which makes it so that
there are at least 10 people on working days and at least 5 on weekends. Let’s see how to set
the days of the week, such as working days and weekends.
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w7 Tutorial 5 Setting the day of the week 3

N

See the definition of a weekday, A weekday can be Monday, Tuesday, Wednesday, Thursday, or
Friday. This is how the operatpr OR works. Weekends mean Saturday or Sunday. Days off are
weekends or holidays. Using holidays, which we just defined, we can define the working days
(patient treatment days). Working days (patiegt treatment days) are the opposite of holidays, so
we use the NOT operatoy. In this way, the ySer can create any day of the week by themselves.
Don't forget to dli r you've made changes. You can tell if your

weekday definition is
correct by looking at
the calendar.
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e | At 3 - ReE N N - - - : wow R ononon o
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w7 Tutorial 5 Setting the day of the week 4

N

Click on Sunday. The calendar is displayed.

These weekdgys are automatically determined when you set up a time period and cannot be
changed. Ory/the other hand, the user can freely define the weekdays setby weekday groups,
such as woyking days and days off.
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Click on Weekday Group Settings — Days Off to see the following. Likewise, you
can click on Working Days... The yellow on the calendar represents that definition.
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Open Constraints — Row Constraints.
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Tutorial 6 Two-shift patterns
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Open Constraints — Row Constraints — Two-Shift Patterns.
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Three constraints are defined, and these three constraints form the basic two-shift pattern of

* Night-shift — The day after — Day off
The user usually almost never has to change these settings, so you can leave them as is.

"V " means "except." The first constraint forbids all but "Night shift — The day after," so "The day
after" is enforced after "Night shift." The second constraint forbids all but "Night shift" before "The
day after," so "Night shift «— The day after" is enforced. The third restriction forbids all but public
holidays after "The day after," so "The day after — public holiday" is enforced. 36



Open Constraints — Row Constraints — Number of Night Shifts and Public Holidays..
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This 1s a command which
allocates nine public holidays for all staff members this month, and

assigns 3-5 night shifts for all staff members this month.
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forget to click on the Set button.




areas marked 1n red, as shown below.
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‘ Tutorial 6 Error 2

P
N

Now uncheck the softening of the hard column constraints and find a solution. It

will take some time, but it will show|an error, as on the screen on the bottom right.
Softening the hard column constraints will give us a solution, but it may not
necessarily be the solution the user intended.

If column constraints frequently show red areas, we can find a solution after
unchecking the softening of hard cglumn constraints to discover their true cause.
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| M‘ & Tutorial 6 Error 3

\
s
If you look at the lower right-hand side of the solution page, you will see "Number of night shifts, public holidays, night shift

entries, staff members..." Double-click on the red line to open the constraint in question.

In fact, the only difference between this project and the previous one is that the number of night shift entries is set to 4. Set it
to a maximum of 4 and a minimum of 3 and make sure that there is a solution.
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Tutorial 6 Error 4

i) A Ta—)L. =2 T C:¥Users¥tak.sugawara¥Download

= This result shows that it is physically impossible to have T

everyone do 4 night shifts. -
(For more information on how to calculate physical limits, see '"—ﬂl T‘g
this video.)
D E
U - ADERE (- A3 7E
=  We want to make everyone equal from the perspective of
load leveling, but in reality, we need to give it some play, ; 2 j izfzz
somewhere, 3 g 4 ;&ﬂ::':ga
= as an inequality constraint. 4 g 4 2884
5 9 3 ARz BS
= [tis clear from the results on the right that in this example, 6 @ 3 ARYIEHO
more than 3 times and less than 4 times is an appropriate ; 2 : iz:;:
constraint. 2 5 A F =0
10 g 3 A353810
= Thus, it is important to adjust the constraints while 11| 3 A8 IE11
looking at the solution. 12, ¢ 4 ARy IE12
13 9 4 A5 H13
14 = 3 A8 7E14
15 9 3 AFvIE15
16 9 4 A5 IE16
17 9 3 ABvIR1T
18 g 3 A357H18



https://youtu.be/0vuGpXbO2Wc?t=674

P ¥
IR Tutorial 6 Error Summary
AL

ey

« If you see many red areas in a column constraint, suspect a hard constraint
violation.

« Uncheck the softening of hard column cardinal number constraints, find the
solution, 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 important to make sure that there 1s a solution after you
have written one constraint.

* Don't panic even if there 1s no solution. There not being a solution is often the
result of a conflict between two constraints. Let's get to the cause and brush up
on constraints.
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Open Constraints — Row Constraints — Consecutive Holidays.
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Soft constraints, at least one weekend holiday, and two consecutive holidays after night shifts if possible have

all been achieved.
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IR Tutorial 8 The meaning of soft constraints

b
~DE
You will get the following result if you find a solution. You can set the weight for soft

constraints. The larger the weight, the higher their priority. For example, /if the weight is
set to 10, its priority 1s increased tenfold compared to a weight of 1.
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IR Tutorial 8 The meaning of soft constraints 2

N

Constraints that are not soft are called hard constraints. Hard constraints must
be applied. At the same time, they must be constraints that can actually be
applied. You will not get a solution if there is even one non-applicable
constraint among the hard constraints. In such situations, you can avoid
having no solution by turning hard constraints which may not be applicable to
soft ones.

Once you know whether it 1s a two- or a three-shift pattern, you may know to
some extent which one to use as a soft constraint empirically. The samples in
the project files contain some empirical software constraints.
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w Tutorial 8 The solution page

X\
Pk
Find a solution and open the solution page. There are 13 soft errors (soft constraints not
being met) marked in yellow (this may vary slightly depending on the environment). You can

see here that all errors occurred due to the "two consecutive hohdays after night shifts if
possible" condition.
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‘ Tutorial &

ﬁ'_
Open "Schedules." Because of the scheduling constraints, there were some cases

where the "two~consecutive holidays after night shifts if possible" condition couldn't
be met (no schedules were in place in Tutorial 7).
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N\
e
Find a solution and look at the solution. In Tutorial 8, the "two consecutive holidays

after night shifts if possible" constraint caused numerous errors, but they didn't occur
here even though the same constraint was applied (there are no yellow areas).
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w Tutorial 9 Softening schedule constraints

b
~DE
Actually, in Tutorial 9, we softened the
schedule to a weight of 1, and all other weights
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Tutorial 9 Comparison with the entered schedules

As a result, since the weight of the schedules is the smallest, optimization (i.e. the combination that
minimizes the sum of weight errors) makes it easier for changes to occur concerning schedules.
The parts that had to be changed are shown in red in comparison with the entered schedules.
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We soften the constraints for which there 1s a possibility that we may not meet them.

-
™ Tutorial 9 Summary

= Schedules can also be softened. This applies to almost all constraints.
= The solution can be adjusted in any way by adjusting the weights.

= Softening works to minimize the sum of weights times the number of errors. This 1s
how optimization works. The computer considers the minimum possible amount of
this sum to be optimal. It is the role of the user to adjust the weights so that the
computer's and the user's ideas of what’s optimal match.
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IR Tutorial 9 Summary 2

¥

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. This is called a
trade-off. This relationship is still present in computers. In fact, more often
than not, it is clearly manifested. However, that level is something far higher

than humans can achieve. (There is little chance that you can come up with a better
solution as long as the constraints and weight settings are appropriate. Even if you think you
can, it's likely that you are forgetting some of the constraints. The capabilities of humans are
incomparable to those of software.)
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Find a solution. Open Constraints — Pair Constraints. Just enter the pair prohibitions as
1s. Below, night shifts between staff members

2-5 are prohibited.
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«h Saving a project

o

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."
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E & Transitioning to the next month
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Py

£

A project consists of the following three dates.

* Constraint start date

This marks the beginning of the month. It doesn't necessarily have to be the first day of the month.
* Constraint end date
This marks the end o onth. It doesn't necessarily have to be the last day of the month.
» Constraint display start da
Indicates the start date
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To transition to the next month, you need to enter the data near the end date of the current month's
constraint in the schedule for the month before the following month.



Let's try to do it with Tutorial 10. Click Settings — Weekday Settings — Period
Settings — Constraint Start Date. Click here to go to the next month.
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constraint end date.
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Click on the display start date, click on the 27th of the previous month, and then click on the
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Click on the constraint start date, end date, and display start date to make sure that
they are all set up correctly.
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Click on the solution and then click Send to Schedule. This will send the solution to

the schedule.
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IR Transitioning to the next month 7

N

Open the schedple 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.
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Congratulations! You now know the outlines of this program.
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Tutorial summary

« The standard form for two shifts is Tutorial 9. It's a good 1dea to use this as the base
and then make changes an additions depending on the customer's specifications.

» Standard samples are attached for 3-shift deep level and 3-shift circulation projects.
Feel free to make use of them.



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. Example: Lack of resources = No people
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 1s 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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