


1 Introduction

We describe how to write constraints using Python 3.



When should we use Python3?

v

s
We can write most constraints using GUI. So, we recommend using GUI unless the
following cases.

mThere are constraints we can not describe using GUI.
mWe want to switch the constraints on/off dynamically.
mDynamic constraints will make the descriptions more maintainable.
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}5 A workflow without Python3

b

mA typical workflow without Python 3
looks like the one on the right.
mThe solution engine receives a GUI

description and outputs the solution. l

Solution Engine

Outputs the
solution
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Settings
information

mWe describe constraints on Python3,
utilizing the set of information of GUI.
We can write rules on minimum efforts
since GUI already has the necessary
settings.

mYou can add constraints with add-ons. On
the other hand, you can also easily detach
them by a checkbox.

Constraints

Solution Engine

mlf needed, we can add a post solution
operation using shift and task solution. Outputs
solution

Python

Post Operation



Python Source Edit

| g 3
era

B Constraints —Constraints by Python—Source

M Source is the only page where users can write Python code.

B When you click Set, your project will import the source.

|£| Schedule Murse (1]

File | Settings | Constrgints | Schedule  Solve  Soluticns  Win

clumnCaonstraint
RowConstraint
Pair Constraint
Constraints by Language

Constrants by Python

/

| Genstrantg by Python
Source  Python Entire Source  Python Pozt Entire Source

Set Find
B °




Python Entire Source

|
y
g
| |_-:| Constrants by Python EIIEI |

Source  Python Entire Source  Python Post Entire Source

mThis page is also Read Only.

Fr mThe description is GUI-generated
| °  information , followed your written
Z ;1;3522;%:[ "June-BYRNE', "Amick, -Sarah-Jane', 'ITsmael-Miram source.

i Crrtates m Python interpreter in the solver

; 323522?[,%33?;?29 ','2020-07-30",'2020-07-31","2020-08-1 in‘ferprets and exeCUteS the COde on
13 ﬁiﬁzﬁﬁiﬁjﬁz[@,l,z,3,4,5,6,7,8,9] this page.

| e iaRdentipud mThe purpose of the page is to show
bttt oy the error position and for your

15 Job1=[0,1,2,3,4,5,6,7,8,9]

16 T reference to GUI objects.

17 #daycollection

18  ThisMonth=[3,4,5,6,7,8,9,10,11,12,13,14,15,16,17]

19  Sun=[4,11]

20 Mon=[5,12]

21 Tue=[6,13]

22 Wed=[0,7,14]

23 Thu=[1,8,15]

24 Fri=[2,9,16]

25  Sat=[3,10,17]

26  AllDays=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17]
27 NationalHolidays=[]

28 SubstituteHolidays=[]

29  Holidayl=[14,15,16,17]

30 Holiday2=[0,1,2,3] 7
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Lf_l Constrants by Python EIIEI

Source  Python Entire Source  Python Post Entire Source

mThis page is also Read Only.

Fi mThe description is GUI-generated
1o Asc3.print(Label) " information and the solution
163 d=get day index(day) . . .
1o roud[d]=label information, followed your written
166 def .post_main():
167 sc3.print(’ \nwource'
168 sol list=[] : : .
169 for -person-in-A Member in All: defPOSt_maln() 1S a dedlcated
170 rowd=[] : _ :
e o d function for post-processing. If you
172 rowd.append(staffdef[person]) . 4 1 :
s ) write 1t in the source, python will
174 for -day-in-ThisMonth: 3 ] . 1
175 rowd.append(' ") -#ensure-array-allocation automatlcally anOke pOSt_maln() as 1ts
176 rowl.append(' ') -#enusre-array-al location : :
e e o oorson e oo o) main routine after you solve the
178 sol list.append(rowe)
179 sol_list.append(rowl) prOblem'
180 #hrite.csv-file
181 sc3.print( ' Generating -CSV-File.\n")
182 os.chdir(project file path)
183 file path=project file path+'/this month_solution.cs
184 with.open(file path,.'w',-newline="").as-file path:
185 writer-=-csv.writer(file path)
186 writer.writerows(sol list)
187 sc3.print( ' Generated -CSV-File.\n")
188 sc3.print (' ¥**ExE*EDone .Post - Processing, **sxssssiac
189
190 post main()
191 5 8
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How to run Python

P
126
M First, declare import sc3.

M Click on Set.

B Checkthe Use Lagguage Constraints checkbox.
M Click on Sqlve.

FrAil BE B | FEAD RE £ > FOMFE\ ~ILT
¢
EET N oot [SI=Ir=]
o Uk [y [ ey —aman]
i Eiled [ == ]\i BRI |
Ik AR 1 import-sc3 B
&0 i 7 . 2 import-sys E
1 W97 i 1000 3 import.os
S5a W7 i 1000 4 import-csv
Saa 05 vl 10 5
1 v 50 - . .
E:E; & it 6 [|def-ZE 0/ OneShift (person,day,vlist):
7 v=sc3.GetTaskVar(person,day,d, ' HT");#4aM
8 vlist.append(v)
9 v=sc3.GetTaskVar(person,day,1, 'HT");#PM
10 vlist.append(v)
11 v=sc3.GetTaskVar(person,day,0, "B );#AM
12 vlist.append(v)
13 v=sc3.GetTaskVar(person,day,1, 'His");#PM
14 L vlist.append(v)
15
I EE 16
KiEl 1 _ =
FTRANIT-OEEEE L o | e 0 |
CPU E
N—FRESEED VI b O
N1 L PR () 100 9
I v
VIS AP () 5
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8 Python Version

Supports Python 3.68 and above.

10
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| GUI Notes on Python
A4
s

M In the GUI description, we use almost all of the entries as python variables. In some

cases, we should modify the variable name to address the parser error in Python. The
solver renames them automatically to keep as much of the original character as possible.

B However, please keep this in mind for an easier reading of python code.
Followings are examples of the error (letters).

-0l

‘Ivariable’ is illegal, variablel 1s legal.

B Of course, you can ignore the rule above if you have no plan to use Python.
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| !
}“ ) Hello World!

~DEy

B oad, and Solve the project hello_python_world.nurse3.

m You shoul

AN

see a Hello... in the right pane.

Soft Solving Settings

Item | Enable | Weight

| Allowabl

\= | Constrants by Python

Source  Python Entire Source  Python Post Entire Source

Set Find

- :
(= NG| meSm|

1 import-sc3

2 sc3.print('Hello-Python3-Constraint.World!\n")

Mote

Freparing to compile.
Calling =zolver

Generat ing python property file finished.
N Finished writing satisfactory solution.

14700[KB] used.
00840001 zec)
HEl| :Fﬁ E T 3
]arted. .

Hello Pythond Constraint World!

| -4 I'ﬂ b T i -
I I I I
< > |  Weight | Errors | Cost |
NOMDEF U7 SOIOTons | | | |
Prevent Repeated Schedule Errors : : : :
Number Of CPUs | | |
Enable Implicit Hard Weights for Colum | Total | 0
I I

Hard Timeout(sec)

Error Analysis

Soft Timeout(sec)

Use Language Constraint

A= Ao A

o 000} 12

Finished =alving process. 1 (zec)
Gettinz Succeszful Rezult.
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> thon tutoriall
W Dy _
Ay
e n
M [ oad the project Python_tutoriall.nurse3
B Use sc3.print() for displaying value of variables. It can only display string, so you

need to\convert integer to a string using str().

.= | Constrants by Python = Ean ="

Source  Python Entire Source  Python Post Entire Source

Set Find

import-sc3

1

2

3 for -day-in-AllDays:

4 5c3.pd;nt{¢%tﬁt;Ly index'+str(day)+' -is. Hdaydef[day]4'.\n")
5

12



Where 1s AllDays and daydef?

B Click on Python Entire Source, which 1s output from Solution Solver.
B You can find AllDays y Find Dialog. Also you can find 1D array daydef.

ApERe e i it e e e e i b
ettings | Constrain Schedule Sche | Sglations . Windows Settings Help
ind  Replace
Find AllDays |® =
i e Search Type Wrap
2l Ve (® Standard () Extended (¥n, ¥r, ¥t, ¥0) _) Regular Expression  [_| Search Selection
Options
[] match Case
|_:| ".u'hu:ule'-..u'u:uru:l
Soft Mote
Solving =<t El Word Start
Ttem | Enable Weight Allowvabl
|, | Fmdﬁ.l] ! -
| Constrant by Py [ Merk Line Fid Al Find Previous | |
Source Python Entire[Source  Python £ Highiisht Matches Clear | FindNext |
wLFind

29  Allbays-[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,2¢
30 NationalHolidays=[]

31 SubstituteHolidays=[]

32 WeekDay=[0,1,2,3,6,7,8,9,10,13,14,15,16,17,20,21,22,23,24,27,
33 WeekEnds=[4,5,11,12,18,19,25,26,32,33]

34 NonWorkingDays=[4,5,11,12,18,19,25,26,32,33]

35  WorkingDays=[0,1,2,3,6,7,8,9,10,13,14,15,16,17,20,21,22,23,24
36 StartDateMinusl=[4] 12




| }‘! | Log of python_tutoriall

s

B Sce the generated log. You can see the python interpreter displays the sc3.print
data, an%hen the nominal solving process will start.

Generating python property file finished.
Comyiling constraints..

Day index0 is 2020-10-27.

Day index1 is 2020-10-28.

Day index2 is 2020-10-29.

Algorithm 1 Solving Process Started..

15



GetShiftVar python tutorial2

p ¥
eras
B Each shift is OneHot encoded, which results that

A Member in_All*AllDays*Shifts per day binary variables exist in the search space.
You can call any shift variable per the following format.

v=sc3.GetShiftVar(person,day,shift);

where person/day are zero-based index and shift 1s zero-based index or string.
B The most important thing to remember is the activated shift is at least one and at

most one per day per staff. For example, if you assert any Shift variable, the other
variables on the same person and the day automatically become de-asserted.

16



AddHard python tutorial2

.}“!!!! |
N

B The following format is a function to add a hard constraint.
sc3.AddHard(v,string)

B v is the shift variable obtained by GetShiftVar or the output variable of
And/Or/Not/SeqExpr/SeqComp.

|_=:| Constrants by Python = || [= ﬁl
Source  Python Entire Source  Python Post Entire Source
Set Find
1 import-sc3
2
3 for -person-in-A Member in All:
4 for -day-in-Mon:
5 v=sc3.GetShiftVar(person,day, 'Paid Holiday')
6 s='Paid Holiday Constraint’'+'-'+staffdef[person]+’ '+ -daydef[day]
7 sc3.print(s)
8 sc3.AddHard(v,s)
£ » 7




Python tutorial2 result

B You can see all staff could be given a Paid Holiday on Mondays.

= | Solutions
Solution 1
A | B | C ‘ Filter ThelWeek \\ The2Week
E = © StaffName '3 B F ] 2] 2] 5] 6] 7 BB 9 0] 1] 1] 12 14 8
~| Sat | Sun | Mpn | Tue | Wed | Thu Fri Sat | Sun m Tue | Wed | Thu Fri Sat | Sun
4 Scott Lambert AllA ||FY] A AllA A AR [IA A A
5 e sealer. AP [a]la]la]]a][a]][a] Allalla]a
6 Michael Pelland AlAIFIAlAA|IA]lALA|IFTIA[IAIA|A A |IA
7 Tim Davis AlAIFTIAlALA|IAIIAIIA|IFTIIA[IAIA A A |IA
8 Thomas Braum AlIAIFTIALALA|IAIAIIA|IFTIIA]AIA|A A |IA
9 nguyen thu AJA T IAIAIAIALIA AT [IA]A|A[IA]A]A
10 Ravi Zupa AlIAIPTIALALAIAIAIA|IFTIAIAIA A A |[IA
11 sitanshu kumar yi A Pl A A yi fiy A A R A yi A A A A

18



python tutorial2 error

T

~De
B We made every Monday a Paid Holiday Shift using Python. In contrast, We put the
Day_ Shift on Monday on the Schedule. Since Python constraints and the Schedule are

contradictory and both are hard-constraints, we have no answer.

B ook at the right pane; you'll see Red Marked portions.

Python_Paid_Constraint KERIZHNAKUMAR MANI 2020-11-09 iz =set.
Python_Paid_Constraint ERIZHNAKUMAR MANI 2020-11-18 iz =set.
Python_Paid_Constraint ERIZHNAKUMAR MAMI 2020-11-23 iz =set.
Python_Paid_Constraint KERIZHNAKUMAR MAMI 2020-11-30 iz =set.
Pwthon_Paid Constraint Brad Parker 2020-11-02 iz =et.
Finizhed writing satisfactory solution.
15172 [KB] used.
0.289000¢=ec)
Pwthon_Paid Constraint Brad Parker 2020-11-09 iz =et.
Python_Paid Constraint Brad Parker 2020-11-168 iz =et.
Python_Paid Constraint Brad Parker 2020-11-23 iz =et.
Python_Paid Constraint Brad Parker 2020-11-30 iz =et.
Algorithm 1 Solving Process Started..
$Fvthon_Paid_Constraint June BYRWE 2020-11-02 iz =zet. iz not =satizfactory. Further analvsiz begin
Algorithm 1 Solving Process Started..
o1 0.0070000(zec)
o1 0.MB000(zec)
®Folloving combinat ions_of _constraints_are_conf lict ing.
® Python Paid Constraint June BYRWE 2020-11-02 iz =et.

& Gcheduled. June BYRNE 2020-11-02

Finished zolving process. 1 (zec)
Getting Successful Result. 19




1™ .
| " python tutorial2 error error position
y

~Dly

B Dbl-Clicking on here brings you the error position as below.
Sy

Number Of CPUs Algarithm | Solving Frocess started..
-nable Implicit Hard Weights for Colum * ol 0.007000(sec)
Hard Timeout(sec) 30 ol 0.01B000(=ec)
Error Analysis "] ®Fal lowing combinat ions_of _constraints_are_conf licting.
Soft Ti t{sac) 1 Pz Fython_Paid_Conztraint June BYRWE 2020-11-02 iz set.
4 |z | Constrants by Python EI@ -0z
il Source Python Entire Source  Python Post Entire Source
i Find
IMEEE project file path='C:/Users/sugaw/Documentsf&itl/Schedule nurse3 Gallery/~
1136 import-sc3
137
138 for :-person-in-A Member in All:
139 for -day-in-Mon:
I | 140 v=sc3.GetShiftVar(per#6n,day, 'Paid Holiday")
141 s='Python_Paid_Constraint’+’ '+staffdef[person]+’ - "+-daydef[day]+ .,
£ ¥
Python_Paid_Constraint -
Python_Paid Constraint | % schedule
Pvthon_Paid_Constraint
Pyt hon_Paid_Constraint rdo ‘ ” D ” N ” A ‘PH I
. . . Python_Paid_Constraint
B Dbl-Clicking on here brings Finished writin e R
15172 [KB] used. S :
S : 0.283000(sec) ame - 1 z 3 % 5
you the error position as right. e i testrain R

Python_Paid_Constraint
Python_Paid_Constraint June BYRNE D
Python_Paid_Constraint

&lzgorithm 1 2ol .

vthon Pald ClI TR Jane /

dlzorithm 1 Sol /
<

o I 0.076000¢zec)
#Fol lowing combinat ions_of _constraints_are flicting.
# Pvthon Paid Constraint June B

# GScheduled.June BYRNE 2020-11-02



7 python tutorial2 error AddHard note

P
1
B Please note the added string information at AddHard 1s a clue for what 1s conflicting.
We strongly recommend you set it up because you'll have a lot of trouble without it.

B The recommended format will be as follows.

1D-Array Keyword + SPACE+staff/day words
2D-Array Keyword+tstaff/day words+SPACE+staff/day worsds

21



And python tutorial3

| g )
era

B The last three lines are all Valid and equivalent constraints.

\= | Constrants by Python
Saurce  Python Entire Source  Python Post Entire Source

Set Find

1 import-sc3

2

3 for-person-in-A Member in All:

4 vlist=[]

5 s='Python.Paid-Holidays'+' . "+staffdef[person]+ \n’
6

7 counter=0

8

9 for-day-in-Mon:
10 v=sc3.GetShiftVar(person,day, 'Paid Holiday')
11 vlist.append(v)
12 if.counter==0:
13 vand=v
14 | else:
15 vand=vand - &-v
16 counter+=1
17 |
18 | sc3.AddHard(vand,s)#
19 sc3.AddHard(sc3.And(v1ist),s)#equivalent -constraints-as-above 22
20 sc3.AddHard(v1ist[0] -& v1ist[1] -& v1ist[2] -& vlist[3] & -v1ist[4],s)#e



python tutorial4

g i
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B The last three lines are all Valid and equivalent constraints.

.= | Constrants by Python @lﬂ“&l
S0uUrce  Python Entire Source  Python Post Entire Source
Set Find
9 for -day-in-Mon: &
10 v=sc3.GetShiftVar(person,day, 'Paid Holiday")
11 vlist.append(v)
12 if-counter==0:
13 vorsv
14 else:
15 vor=vor: | -v
16 counter+=1
17
18 #sc3.AddHard(vor, s )#
19 #sc3.AddHard(sc3.0r(vlist), s )#equivalent - constraints-as-above
20 sc3.AddHard(v1ist[0] -] -vlist[1] | -v1ist[2]-| -vlist[3] ]| -v1ist[4],s)#e
21
22 v
£ >




=% And Or Not : python_tutorial5

s
mConsider the problem we have four Paid Holidays out of five Mondays using only
logical operators.

mSince the problem requires 2~Paid Holiday equals to 1. We have the following two
constraints.

1) 2~Paid Holiday >=I;
2) 2) Of all the combinations that take two from five, ~Paid Holiday and
~Paid Holiday are prohibited. 1.e. £~Paid Holiday<=I;

mEnumerating all the combinations of 5 to 2 that we can take is a pain, but we can leave
that to Python Itertools, which will enumerate all the combinations for us.

24



A =

-

v

python tutorial5 result

~DEy

mWe were able to achieve the specification that only one of the five Mondays 1s not a
Paid Holiday.

Solution 1
i Filta= Prewicus Month ThalWaak ThaZWaak Tha3Waak ThadWoak

Staffr"am - | 27| 28| 25| 30| 31 1 z 3 4 ] & T a ] 10 (11| 12|13 |14 |18 | 16|17 (18|15 |20 | 21 |22 | 23 (24| 25| 26| 27| 28 | 29| 30

w | Tua|Wad| Tha| Fri|Sat| Sun|Mon| Tua | Wed | Thu | Fri| Sat | Sen| Mon | Tua | Wed| Tha | Fri| 33t | Sun| Moo | Tue | Wad| Thu | Fri| 32t | San|Mon | Tua | Wad| Thu | Fri| Sat| San|Mon

1 June BYRNE AaalaalaPalaalaalapalalaalalalajalalalalaapjajaalalalae
2 Amick, Sarah Jane Aajalaajapalalalajalalaajalaajajamlalalalalajapjajaalajajae
- Ismael Miranda aajalaalaplalalalalalaFjajalaajalaEjajalalajajajajalalalajajae
4 Scott Lambert ABaaaaaFaaaaaaaaalaaaamaaaaaapajaalalaa®
2 Alexander Teodorovi aaajaaapiafaaajalapajajaalajalajajajajajajapjajaalalajae
- Michael Pelland aajalaalapjalalalalalapjajalajalajajajalalalajajarjajajalajajae
= e G s G G e i v S, v, o G s G G o G G ey Gy, G v o Gy S s g G fuves S S coes S s S

| |+ | Constrants by Python EE

Souree  Python Entire Source  Python Post Entire Source

8 Set Find
| 1 import-sc3
| 2 import-itertools
| 4 for -person-in-A Member in All:
| 5 vlist=[]
6 s='Python-Paid.Holiday'+" - "+staffdef[person]+ ' \n’
| 3 for-day-in-Mon:
| 9 v=sc3.GetShiftVar(person,day, 'Paid Holiday")
i 10 vlist.append(v)
A 1 sc3.AddHard(~v1ist[0] | -~v1ist[1] | -~v1ist[2] | -~v1ist[3] ]| -~vlist[4],s)#i~vlist[1]>=1
- 25
13 for .v-in-itertools.combinations(vlist,2):
14 sc3.AddHard(v[@] -] -v[1],s)# - ~(~v[i]-&-~v[k]) = v[i]-[-v[k]



python tutorial6 Cardinal Constraints

126
mThe constraints on inequalities are called cardinal constraints. In python tutorial6, Xi =
Paid Holiday

>~Xi<=4 AND XZ~X1>=4
using only the logical expressions And,Or,Not.
mHowever, the cardinal constraint has its own dedicated function.

sc3.SeqLE(min,max,List)

The List must be List of the shift/task variable, or the output of And/Or/Not, etc.

|_=:| Constrants by Python

Source  Python Entire Source  Python Post Entire Source

Set Find

1 import-sc3

2 import-itertools

3

4 for -person-in-A Member in All:

5 vlist=[]

6 s="Python-Paid-Holiday'+" - "+staffdef[person]+'\n’

5

8 for -day-in-Mon:

9 v=sc3.GetShiftVar(person,day, 'Paid Holiday")
10 vlist.append(v) 26
11 sc3.AddHard(sc3.5eqlLE(4,4,v]list),s)

12




mWe used cardinality constraints for the sudoku problem.
mThe solver tries to get two solutions in this project, but there is only one solution, so we

get a message that the solution2.txt does not exist.

|+ | Constrants by Python

Source  Python Entire Source  Python Post Entire Source

Set

Find

[= ] 8 e

1
2

= O s

Woo0o

import-sc3

for-day-in-AllDays: -#column
for-shift-in-All Shifts:
v=[]
for -person-in-A Member_in All:
V.append(sc3.GetShiftVar(person,day,shift))
sc3.AddHard(sc3.SeqLE(1,1,V)," ")
for-person-in-A Member in All:-#row
for--shift-in-All Shifts:
v=[]
for - -day-in-AllDays:
V.append(sc3.GetShiftVar(person,day,shift))
sc3.AddHard(sc3.5eqLE(1,1,V),"")
for-person-in-Block Top: -#block
for-shift.-in-All Shifts:
for - -day-in-Block Tap:
v=[]
for.-i.-in-range(3):
for--j-in-range(3):

V.append(sc3.GetShiftVar(person+i,day+j,shift))

sc3.AddHard(sc3.SeqLE(1,1,V), ")

er ThelWeek I ]
- 1 i 3 4 5 i 7 8 9
- Tue | Wed | Thu Fri Sat | Sun | Mon | Tue | Wed
F 415 ][3]]2 9 |[8
F 3 |9 BIERIERIE
IR IERIERIERIERIE
F 9 1181513 2
E 11/8]]a 3|0 ]]5
5|82 || mI[2]8 ]|
E_ 6 . 5 1[a]l21[8]]1]]9
E s |4 11211315

er |Tue Wed | Thu | Fri Sat | Sun | Mon | Tue | Wed




AddSoft python tutorial?

sc3.AddSoft(variable ,string ,soft level)
,where soft level must be a constant(1-7).

B Since the first time you add a soft level, a checkbox 1n solving parameters 1s empty;
you need to select the checkbox so that the constraint becomes effective.

[ So )zK{strants by Python [
Source  Python Entite Source  Python Post Entire Source
Set Find
Soft Solving Settj -
Item Enahlq Weight Allowabl 1 :!'mport ?C?’
Language Constraint:4 1 E] 2 import-itertools
\ 4 for-person-in-A_Member_in_All:
5 vlist=[]
6 5= aid.Holiday'+':'+staffdef[person]+'\n'
~—_7
8 for -day-in-Mon:
v=sc3.GetShiftvar(person,day, 'Paid HolT '
0 vIist, append(v)
11 sc3.AddSoftivlist[0] - | -vlist[1]-| -vlist[2] -] -v1ist[3]-| -vlist[4],s,4)#soft Level -4
Solver Settings 12
Number Of Solutions 1 13 for .v.in-.itertools.combImations(vlist,2):
Prevent Repeated Schedule Errors ¥ 14 sc3.AddSoft(v[e] -] -v[1],s,4)#soft: Level -4import-sc3
Number Of CPUs 1 15
Enable Implicit Hard Weights for Colum v -
Hard Timeout{sec) 30




SeqError python tutorial8

B The following is the format when we use cardinality constraint as a soft constraint.
sc3.SeqError(min,max,allowable errors,list)
M Please note we use sc3.SeqLE for hard constraints instead of the above.

M Let's look at the result of the project. We should have set it to 4 Paid Holiday, but the reason it's
not is that the we entered DayShifts as hard scheduled entries. A Hard ¢onstraint is always the

winner for any soft rules. e~ |0 | A F)
Staffame T T s [T [ [ [T [
e el el oo o o e el
June BYRNE D D D D
. Amick, Sarah Jane ﬁ D D
M The allowable errors+s the Ismael Mirands | o o
= = X
parameter of how many of th \
errors are allowed. Be careful to T u\g ——— T
be set the number because over B EABEEERPERAERERDEREEEAPEEAER AP AREE EAD
. . e AAAAAMARIAAAAAIADAAAAIAIAID AAAIAIAIAIDIALAAAALAID
the llmlt Should Cause a hard error. 1 BpAAAARAAAAAAE AAAABAADAAAAAAIDABAIAIAAIAID
|+ | Constrants by Python IEIE

Source  Python Entire Source  Python Post ERtkg Source

Set Find

v=sc3.GetShiftVar(pecson,day, "Paid Holiday')
vlist.append(v)
sc3.AddSoft(sc3.SeqError(4,4,4,vlist),s,4) -#min-max-allowable-errors-Listimp

(Yo R+ LN




SeqError python tutorial9

m When we make the weights of the schedule constraints larger than the cardinality constraints,
there are no errors in the cardinality constraints. Instead, we should have a changed schedule due to
weaker weight. In this way, we can change the priority without modifying the Python source code.

Filter | Previous Manth ThelWeek The2Wee
e -] 28 | 29 | 20 | 3/ B0 2 | 2 | 4] 5] 6 | 7 [BEM o | 10 | 11
- Wed | Thu | Fri | At [ Sun | Mon | Tue [ wed | Thu | Fi | sat | Sun | Mon | Tue | Wed
— Ismael Miranda D D
wce Pl Scott Lambert / DY D
/ / (=] =] EZ
4 L]
Filtac Pravicus Month ThalWaak ThalWaak / ThalWaak ThadWaak
- 27| 28| 25| 30 | 31 1 K3 3 4 5 L T a8 f 10|11 (12| 13414 |15 | 16| 17| 18| 1% | 20| 21 |22 (23 |24 | 25 | 26| 27| 28 |25 | 30
» | Tum|Wad| Tha| Fri| Sat | Sun|Hon | Tue | Wed| Tha | Fri| 32t | Sun/Hon| Tua | Wad | Tha 1| 33t | Sun| Hon | Tua | Wad| Thu | Fri| 32t | Sun| Hon| Tua| Wad| Tha| Fri| Sat | Sun| Hon “lEl
aaaaaabpaalalaalyplalalyialalaralafalalalarajalalalalali _
alalajajalaibpjajajajajalaralafalajajaplalalajajajapialajalalalale
Aaaajaap/aalaaa/aralAlajajaarajajaja/aaEala/aalalale
|| Sohve
Soft Solving Settings |N'='tE
Item : Enable Weight/ HMlowable Weizht Errors Cost
Language Constraint:4 v 2’ ( 3
Scheduled:2 W 1 3




When combined with AddHard, you can constraint XX(1) equals to XY(1).

Solution]
A B “ r C D ‘ Filter | Previous Month ThelWeek
|/ nalif_c[- | visit_ - | Yift_Sun_cNT [~ | Sub_c}- StaffName T T w2 Tl a il 21 3 4«1 5 61 718
+| Tue | Wed | Thu Fri | Sat | Sun | Mon | Tue | Wed | Thu Fri | Sat | Sun | M
i 3 3 3 3 JuneBYRNE H{{H|{H|H[{H]FE]H Y VY YRRV
2 1 1 3 3 Amick,Sar| |+ | Constrants by Python
Source  Python Entire Source  Python Post Entire Source
4 3 3 4 4 <-w Set Find
4 2 2 3 3 Scottla 11 Y h:
12 v=sc3.GetShiftvar(person,day;—vEsit_Shift')
A 3 \_° 2) Mﬂ“"d“: 13 vD=sc3.GetShiftVar(person,day, 'Sub_Shift')
14 vH=sc3.GetShiftVar(person,day, '"Half Shift")
15
16 if.day-in-Sat:
17 Sat_WORKCNT.append(v)
18 sc3.AddHard(~vD, "No-Sub_Shift.on-Sat. '+str(person))
19 sc3.AddHard(~vH, "No-Half Shift-on-Sat.'+str(person))
< 2 = 20 elif-day-in-Sun:
ColumnConstraint 21 Sun_WORKCNT . append (v)|
1 Visit_Shift_eq_3 22 sc3.AddHard(~vD, "No-Sub_Shift.on-Sun.'+str(person))
: 23 sc3.AddHard(~vH, "No-Half Shift-on.Sun.'+str(person))
1 24 else:
- 25 Sub_CNT.append(vD)
sig um “ e
e ;] 26 : Half CNT.append(vH)
Crenr Analucic ] 27 vlist.append(v)
28 sc3.AddHard(sc3.SeqComp(Half CNT,Sat WORKCNT), 'seqComp+str(person)')

sc3.AddHard(sc3.5eqComp(Sub CNT,Sun WORKCNT), 'seqComp+str(person)"')

The number of
Saturday Visit-
Shift equals to
the number of
Half-Shift for the
month.

The number of
Sunday Visit-Shift
is equal to the
number of Sub-
Shift for the

month.
31



A =

| ' thon tutoriall3
}“ ‘ |9 _

cardinality constraint per staff

e

B You can retrieve any staff property that consists of only numbers as a Python
Dictionary.

m For example ,we set the number of DayShifts per each staff based on the
dictionary on Python as figure below.

2]
iz Staff Definitions  Shifts per Staff  Group Definitions  Group fesregate Definitione Tasks per Person
Scheduling Period  Predefined
Set
No. | Enable StaffName comment All_Members NbOfDayShiftsMax NbOfDayShiftsMin
il v June BYRNE A_Member_in_aAll - 4 - 4 o
b v/ Amick, Sarah Jane A _Member_in_all - 5 - 5 -
| 3 v Ismael Miranda A_Member_in_all - 6 - 6 -
StartDat = i
:1 an-ats 4 v Scott Lambert A Member in Al - - -
5 v Alexander Tecdorovich
= | Constrants by Pyth =]
] 6 vl Michael Pelland e g EI@
| 7 v Tim Davis Source  Python Entire Source  Python Post Entire Source
N 8 v Thomas Braum et B
- 9 ¥l nguyen thu
10 v Ravi Zupa 1 import-sc3 ~
ial v sitanshu kumnar 2
12 ¥l Vineel Vallapureddy _ . .
i = = Bati Eato 3 for-person-in-A_Member_in_All:
5 14 ] Kenton Veeder 4 max=-1
15 v B[S Spademna 5 min=0
16 ¥l Wayne Marking = . . . .
. = = R 6 if-person-in NbOﬂ.}ayShlftsMax.keys(}.
inishDats = = Bisd Parker 7 max=NbOfDayShiftsMax[person]
8 if-person-in-NbOfDayShiftsMin.keys():
9 min=NbOfDayShiftsMin[person]
10 if-max==-1-and-min==0:
11 continue
12 vlist=[]
StartDsiplayDate 13 for-day-in:ThisMonth:
; 14 v=sc3.GetShiftVar(person,day, ‘Day_Shift")
5 vlist.append(v) 39
16 s="Python-Cardinality-'+str(staffdef[person])
17 sc3.AddHard(sc3.SeqLE(min,max,v1ist),s)




ython tutorialll error

B This is an example of reading scheduled shifts and showing an error before
the solver issues the hard error.

| o || = || £3 1 o || = || £8 w
Source  Python Entire Source  Python Post Entire Source -
- i Schedule
Set Find
1 import-sc3
2 Filtacs | Pravicua Month ThalWaak
3 def.check_consecutive3days(): StaffName e e = L I e I =
bl for person in A_Membe r‘_in_All: - | Tua Fad Tha Fzi Sat San Han Tua Hacd Tha B
5 for-day-in-AllDays: e T _
6 if-day<StartDate:
7 continue <
8 = [@ |[=
9 ts=shift_schedules[person][day][@]#Read  schedu
10 tsy=shift_schedules[person][day-1][@]#Read-sch
11 tsyy=shift_schedules[person][day-2][@]#Read sc
12 Mote
13
14 Freparing to compile. ~
15 PEx¥*¥XConsecutlve-3Visits-Error bal ling solver
_ . e . '
16 x0=sc3. GetSh:_L-Ft er‘son,day, Vis :_LtTShl-H_: ) Generat ing python property file finished.
17 x1=sc3.GetShiftVar(person,day-1, 'Visit_Shift") Finished writing satisfactory solution.
18 x2=sc3.GetShiftVar(personyday-2, 'Visit Shift') ;Sgggu[ﬁ]( usid-
. . zec
19 A Conpiling constraints..
20 SC3.AddHaI"d(~X9 | ~%1 | ~X2, 5)#{—{(];" nstraint tekkkConsecut ive 8¥isits ErrorProhibit Consecutive 3Wisits June BYRNE 2020-11-
21 Algarithm 1 Solving Process Started..
@Frohibit Consecutive 3Yisits June BYRNE 2020-11-01 iz not zatis
22 Alzgorithm 1 Solving Process Started..
23 check_consecutive3days() o3 0.003000(sec)
- o2 0.004000(zec)
o1 0.005000(sec)
o1 0.009000(sec)
o1 0.010000(sec)
o1 0.010000(sec)
| lowing conbinat ions_of _constraints_are_conf licting.
@ Frohibit Consecutive 3¥iszits June BYRNE 2020-11-01
@ GScheduled. June BYRWE 2020-11-01
= > @ Gcheduled. June BYRNE 2020-10-31
m —_ T e @ GScheduled. June BYRNE 2020-10-30




GetTaskVar sudoku task

| g 3
era

mUse GetTaskVar instead of

. . |= | Constrants by Python E
GetShlftvar ln phase mOde. Source  Python Entibe Source  Python Post Entire Source
Set Find
1 import-sc3
2 for-day-in-AllDays: -#Column-constraint
mThe example 1s sudoku task | ° for ph-in-range():
— 4 for-task-in-taskdef.keys():
5 s='PythonColumnConstraint '+daydef[day]+' - "+task-+'\n'
6 sc3.print(s)
7 V=[]
. 8 for-person-in-A Member in_ All: =
.The format 1S as fOllOWS. 9 V.append(sc3.GetTaskVar(person,day,ph,task))
10 sc3.AddHard(sc3.SeqLE(1,1,V),s)
11
12 for -person-in-A Member_in All:#Row-constraint
GetTaSkvar(personaday 13 Eor task in_taskdeg.kgys():
14 V=
9phase9taSk) 15 s=l':E’ython_Row_Constr'aint_'+staF'Fde'F[per‘san]+' ‘+task+'\n’
16 for-day-in-AllDays:
17 for.ph-in-range(3):
18 V.append(sc3.GetTaskVar(person,day,ph,task))
19 sc3.AddHard(sc3.5eqLE(1,1,V),s)
20
21 for -person-in-BlockTaop: -#BLlock -constraint
22 for-day-in-AllDays:
23 for.task-in-taskdef.keys(): =
24 v=[]
25 s='Python_Block Constraint_'+staffdef[person]+' - '+daydef[day]+' - '+task+'\
26 for.i.in.range(3):
27 for.j.in.range(3):
28 V.append(sc3.GetTaskVar(person+i,day,j,task))
29 sc3.AddHard(sc3.5eqLE(1,1,V),s)
30 :
7 il




% Post Processing

e
ers
m After solution generation, for example, you should write the following
when you want to output a formatted solution.

B The example is Task_Projects/task_importl.nurse3.

Define def post_main(): in the source with the following order.

|| Constrants by Python EI@

Source  Python Entire Source  Python PostfEntire Source

et Find

21 label=get/ label(person,day) ~

22 #sc3.prift(label)

23 d=get_day index(day)

24 rowd[d]4label

25

26 def -post_main():

27 sc3.print( ' \n\n***#**x&xxprocessing-Post -Operation.**

28 sol list=[]

29 for-person-in-A Member_in All:

30 rowd=[ ]

31 rowl=[]

32 rowd.append(staffdef[person])

33 rowl.append('")

34 for -day-in-ThisMonth:

35 rowd.append(' ") -#ensure-array-.allocation

36 rowl.append(' ") -#enusre-array-.allocation

37 draw_row(person,day,rowd,rowl)

38 sol list.append(row@)

39 sol list.append(rowl)

49 Hrite -csv-file

41 sc3.print('Generating.CSV.File.\n")

42 os.chdir(project_file path)

413 file path=project file path+'/this_month_solution.cs

44 with-open(file path,-'w', -newline=""')-as-file path:

45 writer-=-csv.writer(file path)

46 writer.writerows(sol list)

47 sc3.print( 'Generated-C5V-File.\n")

43 v sc3.print( ' *#**#**x¥Done -Post - Processing, #xxdsxdikiix

- 35

50 #some_routine() -#Write-main-routine-here =
< >

| Jendarovich



Constraints dynamic on/off

b

®m We can turn on/off a constraint

or a constraint group dynamically. Sets
B The timing for turning on/off is GUI
right after the parsing in the l

solver

Python

S"”;r_ﬂ%

Parse

Turn
on/off

Solving Process

J

Output
solution 36




Constraint group on/off python tutoriall2

e

M sc3.ConstraintEnable(name) # name is groupname or groupname . Iltem_name
M sc3.ConstraintEnable(name, enable)

|[D |[N][A ][]
N
= =
| B Source  Pythom Entire Source Python Post Entire Source Mominallonth  New'Yearanth l
| . Sat B [] Enable Set | Mew'ear Manth | D @
[ é 1mport SC3 Mo. | Enable Row Constraint Name Day Type Group Type Const
| — N def ge‘t—year(day—Str‘) : ThisYearsThisMo ) '
1 a #sc3. pr‘mt(day 5 ff“) 1 v OffDays nth * [ A_Member_in_All = | Max-Mii

| & 5 return.int(day str[@:4])
_1 = N 2 v ~ | Prohibit
m| & /
1 7 def.check_new_year(): 3 =
_% 8 start_year=get year(daydef[StartDate] New'YearGalumn  NaminalearGahamn
= 9 finish year=get year(daydef[FinishDat
1 - _Y gety ( y [ T ] } \ 4 [] Enable Set | MominalvearColumn |
1 10 sc3.print(str(start_year), .str(finish year)

11 if.start_year-!=finish_year: < / bl

No. |Enable| Column Constraint Name Day Type

12 return-True

13 else: 1 v Holidays ThisMonth

14 return-False 2

|= | Pair Constraint

16 def -address_new_year():

PairConstraintGiroup 1 PairConstraintGroup 2 ]

17 if.check new year(): :
18 sc3.ConstraintEnable( 'NominalMonth',F [ Freble § Set B FarcoreraitGun2_J
9 sc3.ConstraintEnable( ' NewYegrMonth' . ) )
—| | 20 sc3.ConstraintEnable( 'NewYearMonth OffDays"') No. [ Enable B el
21 sc3.ConstraintEnable( ' NewYearColufn') v Pairl Pair_Inhibited Isma;

22 sc3.ConstraintEnable( 'NominalYearColumn 4False) E:Fﬁmaig

1

_ 2

— 23 sc3.ConstraintEnable( 'PairConstraintGroup2 ') 3 Bair Inhibited
5
f

_ 24 sc3.ConstraintEnable( ' PairConstraintGroupl’,False) Pair_Inhibited
Pair Inhibited

LI ]




=8 Constraint group on/off with soft level python tutoriall2 soft le

msc3.ConstraintEnable(name, enable,soft level)
msc3.SetSoftLeveltraintEnable(soft_level,type, enable,weight,allowable_ errors)
type:’row’,’column’,’planned’

mlf you define a new level in ConstraintEnable, you should also call SetSoftLevel
because the solver doesn't know what weight should use on the constraint.

sc3.ConstraintEnable( 'NewYearMonth.OffDays',True,4) -#If-you-define-a-new-soft-Llevel
sc3.SetSoftLevel(4, 'row' ,True,444,3)#.You-have-to-call -SetSoftlevel - for-the -new- Level
# Level, row/column/planned, enable,weight,allowable -errors

38



Python Constraint Function Summary

Format Description Can be used | Return
in
SeqLE SeqLE(min,max,List) Hard Cardinality AddHard
SeqError SeqError(min,max,allowable Soft Cardinality AddSoft
erros,List)
SeqComp SeqComp(ListA,ListB) YListA==ZXListB 1 bit
SeqExpr SeqExpr(min,max,Type, List) Type 0:ZList <=max 1 bit

1:XList>=min
2:2list<=max &&
Ylist>=min

39



