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* Short introduction to UniTime
* System administration
* Data organization
* Users, roles, permissions, and statuses
v ¢ Data exchange
* Academic session setup
o * Course timetabling (demo)
’1! ' * Examination timetabling
- I * Event management
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This presentation is available at www.unitime.org/present/apereo | 8-intro.pdf

Credit: Photo by Olivier Bousquet



Workshop Demo Instance

’ * A college with about 6,000 students

* 24 departments entering the data

g Distributed data entry, centralized timetabling
* Distance learning timetabled separately
* For this workshop, the timetabling has been decentralized

* Shared resources (especially rooms)
* Student demands based on curricula

* Loosely based on the College of Education, Masaryk University

* Web: demo.unitime.org/workshop
* Accounts: userO0|/pwd001 ... userO51/pwdO5]1
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3 fmt_lme org/workshop

User . Department | Courses @ Classes | Instructors
pr: 20,26,48 | At 57 154 43
o 38,40 | | Biology i 83 i R R s
7 14,49 | Civics. & B8 i 95 o2l Username:
.17,18,28,42 |  Czech . 114 225 i.....32 user001
0 . 15,30,36_ | | English___i . 157 250 .50 .
Gty 1,22 | French i .56 i 8 18 . Password:
laN 24,33 | Geography 25 i 43 & 19 owd001
-~ 8,12,34 | .. German._ i 78 .. ] 183 . 20
____________ 27,47 | HealthEd . 21 & 8 i 17 .
< 6,32 | . History__ i .89 i .93 A9 .
_____________ 4,45 | o AT A9 95 20 ®
_____________ 9,10 | Language i . ..23 i ......89 .14 . .
________ 23,25,29 | Mathematics | 53 i 104 i 27
____________ 41,51 | Music i 59 i 196 i A7
____________ 37,46 | Pedagoaqy i . 17 i 76 .28 . Username:
2,7,31,35,43 | Physics i 170 416 i......84 user051
_____________ 9,19 | . PrmePed . .34 i .99 416 .
YV 16| Psychology i .. .40 i 109 b 14 . Password:
872 7 s I 21,39 | PhysicalEd . 24 . . 64 . . 16 . owd051
o I 11,50 | .. Russian i 83 i .. 156 ] 18
________________ 13| . SocialEd i .89 i 136 i . 75 .
3, 44 Special Ed 135 231 74

Credit: Photo by Envirefiient andiClimate Ghange'Canada



UniTime

UniTime Introduction

Credit:.Photo.by Tourisme Montréal, Stéphan Poulin
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¥ What is educational timetabling?

’ ¥ . The process of assigning classes (or exams) in time and space

/ * A difficult optimization problem with many competing objectives
) * Student conflicts, faculty requirements, space constraints

' Why is it needed?

* Minimize student conflicts, thus help students receive degrees on time
* Help use resources more effectively

* Makes process easier to manage (knowledge transfer and cooperation)
* Fairness and satisfaction with the timetable

* What-if scenarios

* Ability to adapt to changes

Credit: Photo by Envirement andiClimate Ghange'Canada
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There is a gap between research and practice

* Practice: timetables are created manually
* Often reuse prior timetable as much as possible

A * Research: the problem has been extensively studied

| * Subject of a lot of focus over the last two decades

* Numerous useful algorithms have been developed that can be applied
* Computers are becoming fast enough to solve large problems

Here is where UniTime comes in place

* Began as a research project in 2000
* Goal of producing an automated course timetabling solution for a large university

%1 e+ Became an enterprise system meeting many university timetabling
needs

<o

\ W

Credit: Photo by Envirement andiClimate Ghange'Canada



-__r\@ducmg UniTime

What is UniTime?

* Comprehensive academic scheduling solution

* Four components: course timetabling, examination timetabling, student
scheduling and event management

* Open source, web-based, written in Java using modern technologies
* Using state-of-the-art optimization algorithms
* Distributed data entry and timetabling in multi-user environments

* Apereo project since March 2015 M

Credit: Photo by Envirement andiClimate Ghange'Canada
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¢ Constraints

’ 2 * Rooms sizes, equipment, and availability

' _ * Faculty time, room requirements and preferences
@ - Structures of courses that are to be offered

* Student course demands

* Curricula, pre-registration, last-like course enrollments, etc.

Goal

* Assign class times and locations such that
* All hard constraints and other requirements are met
* Desirable objectives are satisfied as much as possible
* Minimize student conflicts
* Accommodate time and room preferences
* Allow preferred class time distributions
* Fairness, minimize travel times

Credit: Photo by Envirement andiClimate Ghange'Canada



* Student fills in course requests

* Including priorities, alternatives,
and their availabilities

* System suggests a schedule that
best meets student needs

* Students have the ability to
modify their schedule
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= Enroll students to classes in a way that maximizes the ability for
students to get the courses they need

e

U Student, Irmogene Aios Session: Spring 2018 |3WL)
UniTime |
Course Requests
1. Pricety sanp 111009 X d 6
2. Pricetty BIUL 11100 X T 48
4. Allermalive | 2100 12200 + O X
3, Pricrity CHM 11600 +oX T/ 4/ 8
4, Pricedty Free b #:00 - 12:00p X T4l 8
5. Priceity HONR 1990UP +2X T 4| 8
6. Priodtty MA 25000 +oX §| | B
7. Fririly WM 10200 +o0X T 48
8. Prieily X $ &8
9. Bricxily X &l &8
10, Pricrity X &4/ 8
11, Pricrity X T 48
12, Pricdty Cou-se west pror XTI 8
Alternate Course Requests fused anly if 3 course requestsd above is not avaltabis)
1. Allernele FCS 115004 +oX §| 4| 8
2. Ninide X T8
3. Ninae X T 3]
Degrew Plan Buil¢ Schedule |

Student Scheduling Assistant @

* You are not reqistarad for any classes yet Plegese click the Sulle Schedule button 1 order 1o comp ata your registredon.

Credit: Photo by Envirefiient andiClimate Ghange'Canada



Examinations

Examination timetabling

#40 - An exam can be offered for a class, a course, or a combination of these
* Multiple examination problems (final exams, evening exams, etc.)

il Each exam is assigned in an examination period and one (or more) rooms

B8  ° Student conflicts are minimized

% Examination Timetabdle ®

A * Direct conflicts, more than two exams UniTiwe R
; on a day, back-to-backs @

Export FOF  Refresh

3 \
Examinations®
" = Examination Timetable logerd
: MMS N2 RN | 8100 | 10308 | 1000 3200 | 7080
UniTimg Pdwe, Teanast Eul 2005 L)
- o o - Non 127 ‘6’“!7“1 Aramnmmmm! M‘L’Nﬁlmd“ C"M|MMI MSM”M‘I
. . 0,40 o
rpe: | Fie P Sunecu | ALE : oo Numdor (3 Szars 5V n
Type: [T Stihe: Cotuna Bambar. [+ Seuch, [ExporkfOR| DR, yad Bamiaxian e 12 MGMT 4T %0 Z<01, 205202 MET 70 334001 (Ctmumm A 300 420201 thnm-
Wed 121 ul:&co mmmm rnaoo u_t:muo esawomvun
Final Examinations . — ! o -
Thu 12'12 LA A o) 100 2000 l"ﬂS 2900 20507001 s nm m-cn
P s+ s s Iulqu'. Sesting Siew Yace Inxlruclor Vo Lo RN R TH T Axxlun~' Axxlumul 0 na a1
Fyom Hoam» Dasinrerc s Venlforuncme Vonlfaruncus Punos Runm et 1200 “ 15 34200 0720 20 [ CHV 20608 36107 001 | AAR 42100 10047 €01 IF 400 SOTRE 301 | TRCH 12000
AMEIFCACXICY ‘0 Exam 14l 4 Eazve, AE ARMS 1010 Wes *21° %020 L4 | a1 | “9 0.9 ARS
ARME Sat 210 ‘ ECONIT00 O S0 12478001
24 0,1,
ANE JRC 10T 0 ‘# Exam 147 a Aotk N ”: WATH TS Tho * 212 10:302 LIY 1736
i Legend Enamirur on Timwtabin
LAF A3 N0 M Fewn S0 a Zulvan, 4D E TR The *212 380 WIHT Assigred exaninaiens
\ L 4 ud O whodert dheect comfiete
- "t e LAF S4B 10A100 M Fxwn W a =nwl, % ] Tuw A0 L0y EE * 1 sheddert dhmeet somfiers
H P . ¢ e P
| R ’ 'b Z s & ewt wudings
Rt A '_-4 AME JWRI0 T2 002 ‘W Exam G 4 537qd. WD ARME BOTH FAIZM3 020 PHYE 22 J TUOWR @G o
. ARMSE 4 S0Nt coect confiets
ANE QW0 2GT 00 ' Exam G2 a Then. v ARME 1102 Mon 1203 7200 ARIME BIGH § tiudint @t ccafinte
ARWSE € ¢ mare iuchnrt St Conficts
Free Snes
LAE A 1A M Fewn L a4 =z | FRNY 2104 Who 20 ANlw FRYNY G140 :"wrﬂmnh&
KNY
Nogerod peflewerce

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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_Other Features

#4F - Management of the remaining classroom space
* Fully distributed, including an approval process

2 And more

, * Data exchange, room distances (travel times), date patterns, ...

\
A \ % Events ¥ @ Personal Timetzble®
' v Ut Tie e, Te UnTis —
\ \ File pehus ek
z . Fiter Addtwre]  Char | Loardh e L T T )
ACIONRE NNRETY | Zuimg X0 W)
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System Administration

— - Credit: Photo by Olivier Bousquet



UniTime Setup

|

- Installation

* UniTime can be downloaded from http://builds.unitime.org

* Installation Instructions: help.unitime.org/Timetabling Installation
* See Windows, Linux, or Mac specific notes at the bottom of the page

* Hardware Requirement

* Any system capable of running Java and MySQL/Oracle

* Linux is recommended, should have enough memory, could be aVM
* E.g.: 8 cores, |2 GB RAM, 100 GB drive
* Oracle database is recommended for production environments

* Prerequisites
* Java, MySQL or Oracle Database, Apache Tomcat
* Cluster containing web servers and remove solver serves

* For larger institutions (and especially when students can access)

Do not forget the -Xmx parameter and the MySQL/Oracle |DBC driver!

57 . Creditsg



|
" Cluster

* One or more web servers (Apache Tomcat / UniTime.war)
* One or more remote solver servers (Java)
* |Groups Clusters

* Hibernate L2 Cache (web servers only)
* Solver Cluster (RPCs)
* Online Student Scheduling Server replications (optional)

Vo) L :' ----------------------
— g AP . RPCs (Solver) .

o | < 1 S Y Server(s) |~

e '::Lé erver(s) Hibernate g v( ) é)nln?le

2 | 8 L2 Cach nrollments
> | = | JDBC Fache 1" JDBC

MySQL / Oracle Database




|

- Customization

* Custom properties
* Application Configuration page
e Custom properties file

* Custom CSS, welcome message, disclaimer,
menu content & style

* Much more, see the Application Configuration page for the list

Authentication

* By default, the Users page is used
* CAS or LDAP can be configured (or anything else using Spring Security)

* We need an external ID of an authenticated user
* Students, Instructors, Advisors, Timetable Managers
* No match: No Role or Anonymous (can be disabled)

See http://help.unitime.org/Customizations for more details.
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UniTime Setup

|
' Localization

e Current locales: en,en UK, cs
* Use en_UK to switch UniTime to use 24h times and dd.mm.yyyy dates
* Default can be set using unitime.locale property

* Can be changed per user (User Settings),

* or for HT TP session with the locale parameter

Translations

* Translations are provided in property files
* Zanata can be used to provide translations

* Czech, French, Polish, Turkish, and a few other (less complete)

See http://help.unitime.org/Localization for more details.

See https://demo.unitime.org/UniTime?locale=cs for UniTime in Czech.




UniTime

UniTime Data Organization

e Credit—Photo by Alain Regimbald



== UniTime Data Organization

JN
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a Academic Session Independent
4 e User Roles & Permissions

* Each permission contains a check (e.g., a schedule manager can only
edit classes of his/her department when allowed by session status)

* Statuses (Initial Data Load, Data Entry, Timetabling, Published, Closed)

* Instructional Types (Lecture, Lab, Recitation, ...)

* Room Types (Classroom, Computing Lab, Outside Location, ...)

* Room Feature Types (Seating Type, Room Configuration,AlV, ...)

* Many more (course types, instructional methods, position types, ...)
* See items under Administration > Other menu

* Solver Configuration (could be done much later, based on the data)

UniTime contains good default data for these.

Credit: Photo by Tourisme Montréal, Stephan“Poutin=



UniTime Data Organization

p Academic Session Dependent
#' .|  * Time Patterns, Date Patterns
¥ - Academic Areas, Classifications, and Majors
* Buildings, Rooms, Room Features, and Room Groups
[ * Administrative Users (Timetable Managers)
5 “é.-;i-‘.:. * Departments
%22  « Application Configuration Properties (when needed)
ﬁﬁ}lﬁ'- * Examination Periods

Credit: Photo by Tourisme Montréal, Stephan*Poutin=



UniTime Data Organization

p1 Department Dependent

ql * Users and their permissions

* Depends on the role (e.g., Session Administrator is a department
independent role)

* Subject Areas

- “ * Courses and their classes
1 s * Though some classes can be timetabled by a different department
@Q;? (external manager)

* Room Sharing
* Instructors
* Solver Groups

* A solver group defines what departments are to be timetabled together

Credit: Photo by Tourisme Montréal, Stephan*Poutin=



UniTime

% Users, Roles, Permissions, Statuses

Credit: Photo by Tourisme Montreal, Stéphan Poulin
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P Users and Roles

_".1 ".
1 ,/v
4

* Timetable Managers
* All administrative users (administrators, schedule managers,...)

* Session independent, but with relation to departments
A * One or more roles (one primary)
| * Instructors
* One instructor can belong to multiple departments
|+ Students

* Related only to an academic session

* Advisors
* Many to many with students

* No Role (authenticated, but without UniTime role)

~ + Anonymous (not authenticated)

G Using external id of the authenticated user

Credit: Photo by Envirement andiClimate Ghange'Canada



Permissions

Permissions

§'% - Defined for each role

| * For each page/operation
A * Few special: Session Default, Session/Department/Status Independent
* Applies to an object in question

M ° % Adrin Dasit Pe!::‘ 'i:‘:::a
* Permission Check UraTi '°

S

Piwmao i~

* Relation to the user’s department =i

Sesson Defastt Fint Fuse

Aracywewe Vo Foe Gudon e

{
§

(‘.*(((_(I(‘((((((("I((((l.ﬂﬂﬂ(z

sator Gy

* Status of session/department ?j":;:‘t:w: g

* Example: Class Edit ?:“": é
* Controlling Department ;:EE'*:,:N g:;
* Managing Department (e.g., LLR) ?\i‘xw ‘%::

Q ” * Department Status — |
‘hb ' I . JJZZZM. z:::
* Online Student Scheduling oo ==

Ofera Cannkck Irstucteral Dfedro
LN VAR NG UG INSLUANAI JSeerg
LY VAR NG U ND SAMORMEE LK INSILCIATAI JBeerg
Chu g Wabs Ofumn holtwewal Sfony
Oferirg Deieta Irotuctenal Mcirg

XXX N EE XX NN EEENE XN EEEERX N K
WM KN MR N TN MR RN NN M IR RN NN
Tl I
lll!lIl'l!lll..!’ﬂl’I.l!l:’!!(z
BLRLEEERMECLLEEERCLLANCANEBARSNT

a
CERMAELEMELAEEERiCeeeeaeeenaennct

Credit: Photo by Envirefiient andiClimate Ghange'Canada



Statuses

Statuses

#= - Progress of the term

' * Data Entry, Course Timetabling, Timetable Published, Session Finished
.j« * Various levels

R * Academic Session, Department, Examinations (examination type, session),
Events (department, room type)

 Helps Control

| : Status Types©@

* Data Entry (Courses, Exams) =& e eyt
UniTime

* Timetabling Stis Types s e

Netorrrn Loro! Apsty Nigras
. & intal Initial Data Loas Semicn rod-forwad

® StUdent SChedUIIng ¥ o Input Oss Entry Semon owner can 90 il manager CaY view; tiretabl; exam view ind edt; erents; no-le
4 § tmetabing Timetabing Semion owner Can 00 all, manager can view, timetable; commit exam do al events; nosole
b s Examington Timetating Semicn OWO G0 VW, METoNT T View, exam ¢o all, svents, nosole
4 & puzesn 1 IMOLADR HUDSNOS semon OWNET SN VW, MNP G VEW, CXET) VIeW. EVONES. NO-0M 3

* Event Management ot B
@ & degt_iront External Mgr. input Data Entry Degartment  manager zan do alt timetable

° b & & cept tinetabling  External Mgr. Timatating Degartment  owner Can Benited 38, Matager can doal, Bmetadl, Comes

o SChedUIe PUbllcatlon 4 & dept_readonly ni External Mgr. Timetabiing (N Instrucior Assignments) Degartment  manager zan 0o all timetable: commit

& & cept_padish Extermal Ngr. Timetatie Publshed Degartment  MANSer 2an view
‘ & § dept_redzonly  Departrent Read Only Degartment  owner can view, Manager car view
1@ " & & coct ot Decarntmant Alow Edit Decartment  owner can 00 Wl MANA0Er CAY vitw. tivetabia. comest

4§ oxam dsabled Lxaminaton Disabec Cxsriratons
4 § wam_ ot Examinason Data Entry Examinations exam view and edit
& § oxam tretablng Examinaton Timetsting Examiratons exam do ¥l
4 oamputish  Examinason Pubished Examinations exam view, no-ole ams

Add S2atus Tipe

Credit: Photo by Envirefiient andiClimate Ghange'Canada



System
Administrator

Session
Administrator

Departmental
Schedule Manager

‘ Installation / Updates
| Common Configuration
Solver Configuration
(Administration > Other)

IT Suppor

Roll-forward, Data Exchange
(Administration > Acad. Session)
Rooms and Sharing
Creates Timetable (Runs Solver)
Makes Timetable Changes
Supports Schedule Managers

. Collects Faculty Requirements |
| Instructors {
Courses & Classes
Requirements & Preferences
Verifies Timetable

;{ Academic Session Setup |

University Level
(IT Department)

Campus Level
(Registration Office)

Departmental Level
(One or more departments)

Credit: Photo by Envirement andiClimate Ghange'Canada



System Admlnlstrator

Installation / Updates
Common Configuration
(Administration > Other)

Solver Configuration
Provides IT Support

ﬁ Installation / Updates
Common Configuration
(Administration > Other)

Solver Configuration |
Provides IT Support |

University Level
(IT Department)

Session Administrator

Academic Session Setup
Imports (Catalog, Students)
(Administration > Acad. Session)
Rooms and Sharing

Support Schedule Managers “'1

Verifies Input Data
Creates Timetable (Runs Solver)
Makes Timetable Changes

Makes Timetable Changes |
Publlshes Tlmetable

Creates Academic Session
Roll-Forward
Imports (Catalog, Students)
- Academic Session Setup (Changes)

Campus Level
(Registration Office)

Collects Faculty Requirements {
Instructors
Courses & Classes
Reqwrements & Preferences

) —_—— e S ——

' Verifies Timetable

Communicates with Faculty |

Next Academic

i,”

| Collects Faculty Requirements
Instructors |
Courses & Classes

Requirements & Preferences

Departmental Level
(One or more departments)

Credit: Photo by Envirefiient andiClimate Ghange'Canada



System Admlnlstrator

s Installation / Updates

"-""i;',)'tf’ﬁ Common Configuration
]\ (Administration > Other)

Solver Configuration
Provides IT Support

|

11
M

Session Administrator

| Academic Session Setup
Imports (Catalog, Students)
(Administration > Acad. Session)
Rooms and Sharing ‘
Support Schedule Managers

Makes Timetable Changes |
Publlshes T|metable

ﬁ Installation / Updates

Common Configuration

(Administration > Other)
Solver Configuration

1': ".,:‘ . Y?:.,-(: é . -:
S .({3 L Proyldesprt B

University Level
(IT Department)

Creates Academic Session
Roll-Forward
Imports (Catalog, Students)
- Academic Session Setup (Changes)

Campus Level
(Registration Office)

L Collects Faculty Requirements §
Instructors

Courses & Classes

Requirements & Preferences

[ Verifies Input Data
Creates Timetable (Runs Solver) l
Makes Tlmetable Changes ﬂ

Verifies Timetable |
Communlcates W|th Faculty |

i,.s

| Collects Faculty Requirements
Instructors |
Courses & Classes

Requirements & Preferences

Departmental Level
(One or more departments)

Credit: Photo by Envirefiient andiClimate Ghange'Canada



UniTime

Data Exchange

Credit:.Photo.by Tourisme Montréal, Stéphan Poulin
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Unillime Data Exchange

|
' Data Exchange

* A lot of the data can be imported via XML
* Departments, subject areas, rooms, staff, ...
* Beware: rooms and staff do not get imported directly
* Rooms: use Update Data on the Buildings page
» Staff: use Manage Instructor List on the Instructors page

* Course Offerings XML can be used to import just courses, the whole
structure, or anything in between

APlIs

* Mostly to get data out of UniTime in real time

e Can be extended as needed

See http://www.unitime.org/uct_interfaces.php for the list of XML interfaces.
See https://goo.gl/LISEVN for UniTime 4.2 APIs.

R as
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UNiTime

' First Year

* Academic Session Setup

e Date Patterns, Time Patterns,

8O0 g unTre| Unieniy Trwasts > =

O D wwanidveorgect ntafeces sty = ®0

» Departments, Subject Areas, Solver Groups =

University Timetabdling

. . . . UniTwg. s nmprebemia Ardem c Schers Ang Saletinw
* Academic Areas, Classifications, and Majors = s w s

L L g et Bttt 3
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° ° wpofed ance 'er ead” o nd and's’ peviedcally cpdeded by & gndy bah process It 2 350 posslke
. 13 redtain rod cf Fee rivty siwecty wian UnTime see AT ricneinr 3 Acadenie Seeadors e
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" APIs, Exports, Other

|
|

APlIs

* Restful APIs, mostly to get data out of UniTime in real time
* Basic authentication or an API key

* Can be also used to import or export an XML file

* Script execution, HQL reports

Exports
* Mostly CSV or PDF
* Events Management also iCalendar
* A lot of filtering capabilities (especially room and event exports)

Other

* Academic Session Backup/Restore
* Solver XML export

00.gl/EqG5AA for UniTime 4.2 Exports.

Lo
.'|NL R N - »

See https://g

b
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Academic Session Setup

e Credit—Photo by Alain Regimbald
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e Dates
 Session start date
 Examination start date,
* Holidays, ...

e Date Patterns

e Time Patterns

* Departments

,j Department

Most of the UniTime data
are related to a particular

* Subject Areas
* Buildings and Rooms
* Solver Groups

* Timetabling Managers

department .A.

See the online demo http://demo.unitime.org for some examples.

CreditaPhoto by Susan Moss
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Date Patterns
* Weeks of instructions (All weeks, Even/Odd weeks,Week 5, ...)

March 2015 Apil 2015 May 2015
SIIIIM)I‘IITUO WOJTHU Fri | Sat Sun|Mon | Tus Weulrnu Fn | Sat Sun |Mon | Tue MTNJ Fni |Sﬂ
W12 |3 |4|5|5]|7 14 112)]|3)| 4 18 J 2
Ml 3|9 |W|1"N|12]13]14 15| 5] 6 7189|101 19| 3 4 5 6 7 3 9
121w |17 |B|19|20| 16| 12| 13 |14 |16 |16 | 17 | 18 20110 |11 |12 | 13|14 | 15| ‘6
13| 22|23 |28 | 25|26 27|28 17|19 20 |21 |22 |23 |24 | 25 21 -ﬂ Bl19/20121| 22| 23
14| 29|30 | 1 18|26 | 27 | 28 | 2¢ | 30 ? 24|25 | 28| 27|28 29| 30
23 | 31

Time Patterns

* Possible time slots within a week

1 7:30a | 8:25a | 9:20a [10:15a|11:10a|12:05p
to:| 9:10a |10:05a]11:00a|11:55a|12:50p| 1:45p

CreditaPhoto by Susan Moss
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» Organizational units at a campus

» Courses are offered by departments

* Rooms and staff are related to departments
» Users are related to departments

* Some permissions (event management, data entry, etc.) can be set on
the departmental level

» Course timetables are created for courses of a department

CreditaPhoto by Susan Moss
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-.S}S Areas Setup
Subject Are‘agl‘s. ’

* Help organize courses from a department to meaningful group

Course T MATH 101

. MATH 203
Subject Area AT MATH 346

Department A
MATHEMATICS

Course 21 STAT 102
Subject Arca A2 sl Course 22 IESIINELE

Course 23 STAT 347
STAT

Course 41 HIST 101
HIST 204
HIST 647

Department B

HISTORY

CreditaPhoto by Susan Moss
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* Buildings can only be entered by the session (or system) administrator

* Usually they are imported from an external source for the first
semester and then rolled forward from one semester to the next one

* Mandatory fields: Name, Abbreviation, External ID

Edit Building Update | Back|

NaTe: Foloasatco Ml I

Arbesvigbion 1o
Exlenel ID: tooC

Coodrplus.  £3.225308 , 17671032 FLENRIN TR 1 ok aquais o U0 maiees)
”:0. 1 - ~
' 4. 5 x
Mapa  Sanziml X ';' z : :
= * s =
CECNT  Kevga,. I T 5 o
3 (U] Ko
2 =

i) 3 -
|neT3 MJlll[lf‘DQ - 2

USR] LG
"

LN room VARINAARS 1 MR e MAITTNG MovtneiRe.

™
3
=@ En &) -
= =
L W andse gl [4n
2 x o
mI \'u.g’.. - E_
Saciors L
k. T
5
: ey v
— [ L DAL “3 > Y
Jnverzia & +
| cormse Batl T TR
w2 Z"“E o ": 205 ol kY - 1
G Iq:f lovdse Uab JE3U, 2LU L2 2lin, Cezko C-c.vcul«.-l ]
pagle 8 V15 TATE ANTOT Doyl 52777 Anaghe © Fedkm by peacil | yybvat o v vaid

uUpaaa | ﬂl

CreditaPhoto by Susan Moss



G LT
- UNiTime

3 i"‘?,?“'k“%‘--f
e |

* Rooms within buildings

* Non-university locations (which are not a part of buildings) can be
entered by the departmental schedule managers

* Capacity

* Types of rooms

* Room sharing, availability

* Global room features (available to all departments)
* Global room groups (available to all departments)

* Preference (for each department)

* GPS Coordinates, Travel times, Room pictures, ...

* Event department and status

CreditaPhoto by Susan Moss
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Travel times

* Time it takes to get from one location to the other
* Calculated from GPS coordinates or entered in a matrix

* Important for students and instructors

A S0
D 20
K73
140A
JAMU

A 50

5
5
s

22
A 50

D20
>

0
17

20
D20

K73
S

0

17

22
K73

140A  JAMU
19 22A00
17 20D20
17 22K73
10 140A
10 JAMU

140A JAMU

CreditaPhoto by Susan Moss



* Room features can be categorized by feature types
(seating type, desk arrangements, audio/video, ...)

* Having good room groups and room features helps with preferences

* Think about the faculty preferences you may get

(E.g., | want a room with a white board and a data projector, which
could be used both at the same time)

* Approved events can be used to block certain times in a room.

* There can be pseudo rooms that do not check for overlaps
(E.g., off-campus, instructor’s office, hospital)

* Dept. room preferences are useful to minimize use of a room
* Prohibited ... cannot be used (for what-if scenarios)
* Strongly Discouraged ... only when there is a direct preference

. ... minimize use of the room (avoid if possible)



Solver Groups

* A solver group consists of one or more departments for which a
timetable should be created

* A timetable can be created for more solver groups together

* Each solver group can then modify their timetable separately
* Typical cases

* Campuses with centralized timetabling have one solver group

* Larger campuses (such as the pilot college) with decentralized
timetabling have several solver groups

CreditaPhoto by Susan Moss
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udent Properties

* Academic Area
* Program of study (Agriculture, Chemistry, Computer Science)
* Classification
* Semester / year of study (Freshmen, Sophomore, Junior, Senior)
* Major
* Field of study / specialization (Databases, Computer Vision, ...)
* Related to academic areas
* A student can have multiple ACMs

* Useful for display & reporting, reservations, in curriculum timetabling,
and student grouping (keep students of the same curriculum/group
together)

* Minors, Student Groups, Student Accommodations

CreditaPhoto by Susan Moss
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Best Practices: UniTime Setup

* Make sure UniTime has enough memory, especially for the solver
* Departments & subject areas need to be carefully defined
* Instructors, room sharing, data entry / access
* Distributed or centralized data entry and/or timetabling
* Most often: distributed data entry, centralized timetabling
* Student Course Demands
* Last-like demands are the easiest to get, but may not be as good

* Student course requests allows for individual students to be
considered

* Curricula are good, when available
(can be combined with last-likes for optional course estimates)

CreditaPhoto by Susan Moss
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% Course Timetabling: Data Entry

Credit: Photo by Tourisme Montreal, Stéphan Poulin
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Data Entry

* Courses

* Rooms

* Instructors

* Relations between courses / classes (distribution preferences)

e Student course demands

Timetabling

* Running the solver

* Manual changes

Additional Administrative Tasks

ﬁi’wl * Academic session setup

G * Roll-forward

Credit: Photo by Envirefiient andiClimate Ghange'Canada



- Course Structure

o A
!
\ .
\ ----Preferences----
\' Limit Date Pattern Minutes Per Week Time Pattern Time Room Distribution Instructor
MA 170 40 Statistics |
STAT 170 Introductory statistics
Lecture 40  Full Term 50 1x 50 EesebesEs Classroom
Laboratory 40  Full Term 150 3x 50 moormm EDUC Same Room
CompPr
Lec 1 40  Full Term 50 1x 50 Esmmmms  ThtrSeat G. Newman
h” s Classroom
% a;i-,..-'-ﬁ"’{?é Lab 1 20  Full Term 150 3 x50 EDUC Same Room J. Smith
‘k n".d
i CompPr
Lab 2 20 Full Term 150 3 x50 morrrrmm EDUC Same Room J. Smith

CompPr

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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p Instructional Offering

ik
Pl Course Offerings
R )
!
\ .
\ ----Preferences----
¥ Limit Date Pattern Minutes Per Week Time Pattern Time Room Distribution Instructor
MA 170 40 Statistics |
STAT 170 Introductory statistics
Lecture 40  Full Term 50 1x 50 EesebesEs Classroom
Laboratory 40  Full Term 150 3 x 50 mmaormm EDUC Same Room
CompPr
Lec 1 40  Full Term 50 1x 50 Esmmmms  ThtrSeat G. Newman
N s Classroom
f‘il «,;g Lab 1 20  Full Term 150 3x 50 EDUC Same Room J. Smith
A ol Yo CompPr
Lab 2 20 Full Term 150 3 x50 morrrrmm EDUC Same Room J. Smith

CompPr

Credit: Photo by Envirefiient andiClimate Ghange'Canada



- Course Structure

- Instructional Offering

oA Course Offerings
Scheduling Subparts
o A
!
\ .
' \ ----Preferences----
\' Limit Date Pattern Minutes Per Week Time Pattern Time Room Distribution Instructor
MA 170 40 Statistics |
STAT 170 Introductory statistics
Lecture 40  Full Term 50 1x% 50 B Classroom
Laboratory 40  Full Term 150 3x 50 maormm EDUC Same Room
CompPr
Lec 1 40  Full Term 50 1x 50 Esmmmms  ThtrSeat G. Newman
h” s Classroom
ai},'b Lab 1 20 Full Term 150 3x50 EDUC Same Room J. Smith
A e CompPr
Lab 2 20 Full Term 150 3 x50 morrrrmm EDUC Same Room J. Smith

CompPr

Credit: Photo by Envirefiient andiClimate Ghange'Canada



p= Instructional Offering

i
e Course Offerings
Scheduling Subparts
R )
s Classes
\ .
\ ----Preferences----
¥ Limit Date Pattern Minutes Per Week Time Pattern Time Room Distribution Instructor
MA 170 40 Statistics |
STAT 170 Introductory statistics
Lecture 40  Full Term 50 1x 50 EesebesEs Classroom
Laboratory 40  Full Term 150 3 x 50 mmaormm EDUC Same Room
CompPr
/ EEEEENEERn \
Lec 1 40  Full Term S0 1x 50 IEmm——— | htrSeat G. Newman
Zal s Classroom
4 ‘i{ a,;f Lab 1 20  Full Term 150 3x 50 EDUC Same Room J. Smith
Bt ‘ o CompPr
Lab 2 20 Full Term 150 3 x50 morrrmm EDUC Same Room J. Smith
\ CompPr /

Credit: Photo by Envirefiient andiClimate Ghange'Canada




Date Patterns

,/
;’"’,:L‘f’ .
el  *» Weeks of instructions (All weeks, Even/Odd weeks,Week 5, ...)
: March 2015 Apil 2015 May 2015
SmMonTuoWQJTnu Fri | Sat Sun| Mon TuaWedIThu Fr | Sat SunMonTuoWethu Fnlsu
¥ A 0111234557 14 112|134 |18 |2
. Ml s|9|w|nn]|12]|13]|14 B|5|6)]7]|8)|9|10]|11 19| 3|4 |5|6]|7 ]
' 12w |8|19|20|2n 16 12|13 |14 |15 |16 | 17 | 18 2010 |11 |12 13|14 | 15| ‘6
13| 22| 23|28 | 25| 26| 2r |28 17|19 20 |21 |22 |23 |24 | 25 2—117I13 920121 22|23
: 14| 29|30 | 18| 26| 27 | 26 | 2¢ | 30 ;?4957677'28‘)9'10
° 23 | 31
Time Patterns
* Possible time slots within a week
-
2h
-S':onglyPreferrod
from:| 7:30a | 8:25a | 9:20a |10:15a|11:10a|12:05p| 1:00p | 1:65p | 2:50p | 3:45p | 4:40p | 5:35p | 6:30p
to:| 9:10a |10:05a)11:00a|11:55a|12:50p| 1:45p 5:25p | 6:20p | 7:15p | B:10p -Prefeﬂod
Neutral
N 4 Discouraged
‘1@:"}
Rl -S'ronglyDisoouraged

Bl

Credit: Photo by Envirefiient andiClimate Ghange'Canada



S Rooms
A
A ,/)

g’ ° Each department may have a different set of rooms

* Some times may be unavailable or given to a different department
|, K73

Workdays x Daytima §

from:|7:30a | 8:00a | B:30a 9:00a| 9:30a 10:00a[10:30a(11:00a|11:30a|12:00p[12:30p| 1:00p | 1:30p | 2:00p | 2:30p | 3:00p | 3:30p | 4:00p | 4:30p | 5:00p | 5:30p | 6:00p
to:| 8:00a | 8:30a | 9:00a | 9:30a [10:00a 10:30a|11:00a |11:30a|12:00p|12:30p| 1:00p | 1:30p | 2:00p | 2:30p | 3:00p | 3:30p | 4:00p | 4:30p | 5:00p | 5:30p | 6:00p | 6:30p

Mon
IU'CE BIOL EBIOL BIOL BIOL BIOL BIOL BIOL B8I0L BIOL BICL

\ LB CIVE CIvC e ave cave e ave Gve Cve

L'l CIve cve Cve ave cave CWC CiveE | GvC CIve

Fri N/A N/A N/A N/A N/A N/A N/A NfA N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

e Room coordinations, travel times
A 50 D20 K73 140A JAMU

A 50 5 s 19 22A00

D 20 5 o 17 20D20

K73 5 0 17 22K73
»;:@i 140A 19 17 17 10 140A
PN JAMU 22 20 22 10 JAMU

A5S50 D20 K73 140A JAMU

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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- Minimal Room Size

e Calculated from class limit and room ratio

% Room Preferences

e
=/}

3200 * Particular room or building
* Room group

e Room feature

Room Groups: Geology Classroom (Department)
Classroom

Rooms: B 11

Buildings: Y - Porici 7, budova Y

73 Room Features: Data Projector

e Available Rooms: 34 (A51,A53,A54,A55, ..)

I Required ] Strongly Preferred || Preferred [ |Neufral [ | Discouraged [[17] Strongly Discouraged  [JJili] Prohibited

Credit: Photo by Envirefiient andiClimate Ghange'Canada



Instructors

P22 Instructors

R
I
\

2@ - Each department has a list of instructors
* Connection between departments through external id

B - Instructor availability (prohibited times)
__ * Instructor preferences & requirements
* Time, room, distribution

[ Preterences _
1 Horizonz|

Tima: Workdays x Dayt me &
from| 7:30a | 8:00a | 8:30a | 9:00a | 9:30a |10:00a|10:30a 11:00a|11:30a 12:00p(12:300|2:00p 1:30p | 2:00p | 2:30p 3:00p | 3:30p |4:00p 4:30p | 5:00p | 5:30p G:00p Strongly Preferred
t0:]8:00a |8:30a |9:00a |9:30a [10:00a]10:30a|11:00a 11:30a]12:00p 12:30p| 1:00p |1:30p 2:00p | 2:30p | 3:00p 3:30p | 4:00p |4:30p 5:00p | 5:30p | 6:00p 6:30p
Mon Preferred
Tue Neutral
Wed Discouraged
Thu Strongly Discouraged
P Prahibited
Room Groups:  Computer Lal
u e "(i Buildings: D - Poric 31, budova D
S ' Poricl 31, budove
‘m./,‘ K- Porcl 81, budove K
ey s Yo Room Features: Interactive Blackboard
Marc

Distrzgaon: Al Most 5 Hours A Day
- Rra drnd -Fms'mr. Preforre -F'ch'nrl | hritra m Minnny mena - Atrone y Disnnumend -Prm Hicd

Credit: Photo by Envirefiient andiClimate Ghange'Canada




Preferences

|
- -

g7 Combination of preferences

* Preferences can be set on scheduling subpart, class, or instructor

* The end result is displayed on the class and used by the solver

\
\ /

MA 170
STAT 170
Lecture

Laboratory

Lec 1

12K Lab 1
=, 8

\ Lab 2

Limit Date Pattern Minutes Per Week Time Pattern Time

40

40

40

40

20

20

Statistics |
Introductory statistics
Full Term
Full Term
Full Term

Full Term

Full Term

S0

150

S0

150

150

1x 50

3x 50

1x 50

3 x50

3 x50

e

\

----Preferences----
Room Distribution Instructor
Classroom
EDUC Same Room
CompPr
ThtrSeat G. Newman
Classroom
EDUC Same Room J. Smith
CompPr
EDUC Same Room J. Smith
CompPr

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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\u,tlon Preferences

,’ * Relationship between two or more classes
| * Examples
I} - Back-To-Back
e * Same Room
| * Same Days
* Meet Together
AN » At Most 6 Hours A Day
* Can Share Room

* Set directly between classes / subparts or on an instructor

" | T ) 4 “ 2
“i@ :"-!

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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g4  For a group of students

. -

* |[dentified by their academic area, major; and classification

B - Requested enrollment
* List of courses and their expected attendance

* Courses can be grouped together (same / different students)

i Course Projections Course Projections
Group Course 01 Group Course 01
Required :ALG 101 P 100.0%: :Ml P 50.0%:
:CALC 101 P 100.0%: :M2 P 50.0%:
(Elective) :ENGL 101 P 60.0%: :N1 P 30.0%:
(Elective) :SPAN 101 P 40.0%: :N2 P 30.0%:
:BIOL 101 P 10.0%: :01 P 20.0%:
% ?;fi :CHM 101 P 20.0%: :02 P 20.0%:
AR F o2 [ p

< : Other possible sources: historical enrollments, course requests, or their combination

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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P2 Student Course Requests

15 /!

@@ -+ A list of courses for each student
2 * The courses the student would like to enroll into
i * Ordered by priority (example: mandatory courses first)
* Can be used as input for the student scheduling (that is, creating a
\ schedule of classes for each individual student)
Course Requests ! Wait-List
1. Priority [ENGL 101 + 0 X| [ IE
2. Priority ECON 101 + 0o X|C IIE
3. Priority | ALG 101 + 0 X| [ IIE
L\ 4. Priority  PHIL 101 +oX| 04|48
’ii.! f’»i 5. Priority |or & free tme e MWF 7 . 2 X O | § || |8

Credit: Photo by Envirefiient andiClimate Ghange'Canada



_{Entry Instructors

Best Practices: Instructors

* Use instructor preferences in combination with subpart preferences
* Especially time availability and preferences

* Useful Distribution Preferences *

e * Max N Hours

: * N Hour Work Day

 Max Blocks

 Max Breaks
* N Days a Week

*) Some need to be registered first, see https://goo. gl/quWl’r for the scripts.

Credit: Photo by Envirefiient andiClimate Ghange'Canada



“Da *a%Entry Preferences

#%° Best Practices: Courses

J =
. -

* There can be multiple configurations

(with different instructional method, e.g., traditional x online)

* If a class does not follow a standard time pattern, it could be split

* Reservations can be used to direct students to the appropriate

configurations / classes

* Use cross-lists whenever a course is offered under multiple names

* Meet together constraint can be useful, but use it wisely

* Externally managed departments can be used to timetable some

classes as a different problem (

* [t is possible to move contro
of the course to the externa

//;

r» '?(’

arge lecture rooms, computing labs)

of such classes from the department

department with a status change

Credit: Photo by Envirement andiClimate Ghange'Canada



y Preferences

Best Practices: Subparts and Classes

= - Minimal room size: room ratio times class limit

| * Classes of a scheduling subpart are spread in time (can be disabled)
/. - * Only matching time patterns are visible

* E.g., minutes per week = number of meetings X minutes per meeting
* Too many start times result in a bad timetable

* Too many small holes, hard to swap rooms

AMITI(NG) 700 | 70 | 200 | &N | &N N | TN €N I iy | | = =M A33153(100) 700 | 7:30 | 800 ©:30|  9:00  9:30 10:00 | 10:30 [71:00{71:30|12:00 12:30 °
Mon WU Sem no X5 Som 1 rp ELAD Sone & np AMOPicd ¥ ap 219 Sem 12 =
Mon bp 2010 Sam 1 bg 32°5 Sem 1
Tum gz 21NN T 2o 2 Seeni 1 b 2570 S e b SO S 0 Al
kel s kp Z/2 Sem ‘a
Wed b #2010 S 1 ha 5216 Sam 1 np EN=0 Fled A ne FNE Eam rpan A740. - 1.12.
eE e
— Tue a1 Sem 1 |ep 21900 8em 2 hp #3315 Sam 1 b 203 3em 1 rp
i 1€9. 212 168 21.10.
Thu B 0N Ra 2 bz 2710 Soan 1 an 2 b 2272 Ko da
1 4.11.-212.
7 \;, 1 e b Wed np 234D Zern & np 2342 Zen 2 by 2272
|~ (‘ﬁ 22.10.
,é‘ = ™ bp 2010 Sam & bp 2010 Sam 2 374 Cem 3
. e 189 - 1.2

Credit: Photo by Envirement andiClimate Ghange'Canada
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Best Practices: Preferences
”; * Preferences can be set on scheduling subpart, class, or instructor
| * The end result is displayed on the class and used by the solver
@ - Put as many preferences as possible on instructors and subparts

e Class overrides can be hlghllghted In )’e”OW unitime.preferences.highlightClassPrefs

\ / ----Preferences---- \
bt \

Limit Date Pattern Minutes Per Week Time Pattern Time Room Distribution Instructor
MA 170 40 Statistics |
STAT 170 Introductory statistics
Lecture 40  Full Term 50 1x% 50 B Classroom
Laboratory 40  Full Term 150 3 x 50 mmaormm EDUC Same Room
CompPr
Lec 1 40  Full Term 50 1x 50 Esmmmms  ThtrSeat G. Newman
8, V. Esmmmms  Classroom
p.a ‘a«% Lab 1 20  Full Term 150 3 x50 EDUC Same Room J. Smith
‘,'@""" CompPr

Lab 2 20 Full Term 150 3 x50 mroormm EDUC Same Room J. Smith
CompPr

Credit: Photo by Envirement andiClimate Ghange'Canada



Input Data

Importance of having good input data
* The solution will only be as good as the input data
* No preferences
* A class can end up anywhere (unpopular time, wrong room)
* Too many requirements
* Impossible to find a complete timetable
* Too many student conflicts

e Difficult to make modifications

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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& Course Timetabling: Solver

Credit: Photo by Tourisme Montreal, Stéphan Poulin



Solver

UNiTime

| Constraint-based Solver

* Can be used in modes between manual and fully automated

* State of the art
o Work published a number of research papers
o Winner of the International Timetabling Competition 2007

* Easy to extend

Suggestions
Scare  Class Date Time Room

Students \

+152  POL 101 Lec 3 MulTerm  TTh12:00p — TTh 7:20a BRNGC 2280 +11

+31.7 POl ‘011 ec3 Ful Term  TTh12:00p — TTh 1030z RRNG 2280 +36 (h+3)
HIST 3421 ec 1 Full Term  TTH 1030z — TTh 1-:30p BRNG 2280 — BRNG 2290

1366 POL 101 Lec3 Ful Tein  TTh 12.00p — TTh 10.30& BRNG 2280 136 (h14)
HIST 342 Lec 1 Full Term TTh 10.30a - TTh 7.304a BRNG 2280

+441  pPOL 101 Lec? FulTerm  TTh12:00p »>TTh10:3Dz BRNG 2280 +34 (h+7)
HIST 342 Lec 1 FulTerm  TTh10:302 »>TTh3:00p BRNG 2280 - BRNG 229C
OBHR 330 Lec 1 FulTerm  TTh2:C0p BRNG 2290 . LWSN B155

| S2arch L)eeper/

\aﬂ 15/1 possibilities up to 3 changes were consicered, top 4 of 1/ suqqestions displayed)




Problem

1 Model

* Variable: class

* Value: time and room placement

 Constraints: hard and soft

CredrtsRheterby Loic Romer
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!Required
Model I s s
e Variable: class [ petores

* Value: time and room placement

Hard Constraints [ svonol piscouraged

* Room size, sharing, availability
* No instructor / room can have two classes at the same time

* Required or prohibited preferences




Problem

|

- Raquired
‘ M o d e I - Srongly Preferred
* Variable: class [ petores
Neutral

* Value: time and room placement S

Hard Constraints =s-.wyoamged

* No instructor / room can have two classes at the same time

* Room size, sharing, availability

* Required or prohibited preferences

Soft Constraint (Objectives)

* Time, room, and distribution preferences

e Student conflicts

* Additional criteria (too big rooms, back-to-back instructors, ...)




|
A student cannot take a combination of courses

have a time conflict

Biology and Chemistry lectures

|. Classes overlap in time
o or one dfter the other in rooms that are too far apart

2. There is not enough space in a non-overlapping combination of classes

Students taking Math have choice,

unless they need Statistics as well

MA Lec (a)

3 4

0

k:

U “‘

o | . | BIOL Lec |
G

U CHM Lec

s | MA Lec (b)

CHM Lab (a)

CHM Lab (b)

STAT Lec |

Students taking Chemistry
need the lecture and one

of two possible labs
>

.-
PE e
-

Class Time Periods
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Using the Solver

|. Make sure the problem has a solution

* All classes are assigned

* Using check configuration

* Conflict-statists can be used to discover issues

E 15851x
B 6384x MW 1:30p - 2:20p Full Term EE 129 KING, ERIC J
E 6318x Instructor KING, ERIC J
0 5771x C S 110 Lec 2 «— MW 1:30p - 2:20p Full Term EE 129 KING, ERIC J
B 3541x MW 12:30p - 1:20p Full Term LILY 1105 KING, ERIC J
E 3019x Instructor KING, ERIC J
0 2931x C S 110 Lec 2 — MW 12:30p - 1:20p Full Term LILY 1105 KING, ERIC J
B 3467x MW 12:30p - 1:20p Full Term EE 129 KING, ERIC J
E] 3408x Instructor KING, ERIC J
[0 2932x — MW 12:30p - 1:20p Full Term EE 129 KING, ERIC J
E 2459x MW 1:30p - 2:20p Full Term LILY 1105 KING, ERIC J
E 1268x Room LILY 1105
0 1265x BIOL 221 Lec 1 « MWF 1:30p - 2:20p Full Term LILY 1105 SANDERS, DAVID
E 1191x Instructor KING, ERIC J
0 1191x C S 110 Lec 2 «— MW 1:30p - 2:20p Full Term LILY 1105 KING, ERIC J
15840x C S 110 Lec 2
2588x BIOL 221 Lec 1
338x AGEC 217 Lec 3
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1 Using the Solver

|. Make sure the problem has a solution

2. Run the solver to produce a timetable

* Using default configuration S

Tyna Course T meatahling Solver
M ° M M Salver Solving problem ...
* [t is possible to iterate (if needed), o e i
Prozress 5¢f 100 (5.0%)
or Start the Solver from :.:;er .:.:Iw:asams.sms.r:vc&czaesmrmw k..
o . Session Spring 2013 (EC)
the previous timetable frerss core
' Assgned var sz 235 100.00% (18131813

Cwverall soluticn value <1754 24
Tima praferarces 1255 (-38T22.00)
Studet condlicts 80¢ com mittec 0, distence:l, hard 177
Roorr pra‘urerwes 03,373 (-1385)
Digiri aueinn praferances 63T E25.00)
Back-to-rack wbrucsor prafarancss 99885 (1)
Toc biyg rooms 19.84% (1250)
Useless ~alf-roars 263% (0 - 1318)
Samea subpart halaneing panalty  36.58
Ronm 8 2e Panalty 17.35
Perlurbztion ver anles JECH (154 +8)
Perlurbztions: Tola pena by 330.10
Tima 2.0 min

| It=raten 14940

) Mernory usage 17T91.38M
Speed 22045 Us
Block Canslrairts 100% (D)
Irr portant student conflicts 495 herd 24|
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Using the Solver

|. Make sure the problem has a solution

2. Run the solver to produce a timetable
3. Once there is a decent timetable

* Make manual changes, using interactive configuration

Suggestions

Scare  Class Date Time Room Students

+152  POL 101 Lec? MullTerm  TTh12:00p — TTh 7:20a BRNC 2280 +11

+31.7 POl 1011 ec? FullTerm  TTh12:00p — TTh 10:30= BRNG 2280 +36 (h+3)
HIST 342 | Ac 1 Full Tebom  TTR 1030z — TTh 1:30p BRNG 2280 — BRNG 2290

136.6 OL 101 Lec 2 Ful Tein  TTh 12.00p — TTh 10.30z BRNG 2280 136 {h14)
HIST 342 Lec 1 Full Term TTh 10302 - TTh 7.30a BRNG 2280

+441  POL 101 Lec? FulTerm  TTh12:00p »>TTh10:3Dz BRNG 2280 +34 (h+7)
HIST 342 Lec 1 FulTerm  TTh10:30a »TTh3:00p BRNG 2280 - BRNG 229C
OBHR 330 Lec 1 FulTerm  TTh2:C0p BRNG 2290 . LWSN B155

(all 1571 possibilities up to 3 changes were considered, top 4 of 1/ suqgqgestions displayed) |533f€n Deeper

' Solver Configuration: it is possible to tweak solver parameters if needed

(there is a tradeoff between times, rooms, distributions, and student conflicts)




Making changes
|. Minimal Perturbation Mode (MPP)

* When many changes are needed

* Fully automated (default configuration with the mode set to MPP)

* Additional criterion: changes from the initial solution

* Different weights, e.g., time changes are usually more penalized

2. Once there is a timetable saved, use the interactive configuration

* Can break some constraints
* Solver provides suggestions, but does not make any decisions
3. When the timetable is published

* Changes can be made without loading the data into the solver




Decentralized Timetabling

* Defined by solver groups
* One or more departments that are to be solved together
* Committed solutions of other problems are used as basis

* Multiple problems can be solved together, manual changes can be
made separately

Externally Managed Classes

* For instance, distance learning classes are solved separately
* Different set of rooms
* Timetabled before or after the departmental problems

* Other examples: large lecture rooms, computing labs, need room
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Publication

Publication

* A committed timetable can be published by changing the status on
the academic session

* Instructors and students can see the timetable
* Next steps

* Export to an external system

. a Personal Timetable®
* Student scheduling e sl
* Examination timetabling S — T ——

* Event management




Best practices: Solver
* Multiple problems can be timetabled together

* Multiple solutions can be saved

* It is important to commit a solution when you wish the assignments
to show in other problems

* Use distribution preference priority for problems that are solved
before or after the departmental problems (see Departments page)

* Use Reload Input Data when there is a change in the inputs

* Use Chameleon if you want to run several solvers at once

* Create several timetables, then choose the best one




|
~ Best practices: Solver parameters

* Optimization can usually be achieved by setting up a combination of
solver parameters

* Example: Hard conflict weights

* Example: No student conflicts

* Example: Times are way more important than rooms

* Distance conflict settings (student speed, distances between non
back-to-back classes, ...)

 Automatic distribution constraints

— ’
P A
s £ &k

* Try experiment with various solver settings




UNiTime

=) w,:

Best practices: Making Changes

* Use the Interactive solver (from the Timetables page) to be able to
break some hard constraints

* MPP penalization can tell the solver what changes are hard

* Do not use the solver when students are already being enrolled,
use Class Assignment page instead




UniTime
UNITime

Publishing Timetable

e Credit—Photo by Alain Regimbald



|
|

Solution Commit

* There can be multiple solutions saved for each problem
(solver group)
* The final one needs to be committed
* This will tell the other problems what times are taken
* This will create course related events

* This will send the class schedule to Banner

* Other departmental schedule managers will be be able to see the
schedule (Class Assignments, Events)

* A commit may fail if there is a conflict
* [t is still possible to make changes

* Students and instructors cannot see the schedule just yet




Other Considerations
* If you like the solution, use Save & Commit
(especially if multiple rooms are being shared)
* Room sharing: Free For All
* Instructor sharing: same external |d

* [f some critical resources are being shared, it is advised to
* run the solver for multiple departments first,
* save and commit,
* and then let each department make changes




UniTime
UNITime

Course Management

e Credit—Photo by Alain Regimbald



|

 Lifecycle of a Course Timetable

|. Data entry

2. Automated timetabling (solver is used to compute a timetable)

3. Timetabling adjustments (interactive changes)
4. Student scheduling, classes start

5. Additional, ad-hoc (mostly room) changes made throughout the term
6. Roll-forward of selected data into the next like term

Data Entry Timetable Classes Classes
R - published , start end
| Automated || Timetable Additional Timetable
Timetabling| | Adjustments Changes
Data imports Student Roll-forward || Data Entry
Previous term data

Scheduling

Next semester timetabling

>

Timeline
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* Most changes are room swaps

* Use Class Assignment page instead
* Select a new time and/or room
* Conflicts are checked

* It is possible to override
a lot of constraints

* Student conflicts are displayed

* Class Detail > Class Assignment

Once there are students enrolled

* It is no longer practical to run the solver to make a change

LINI Class Assignment”®

Class ECET 495000 Lec 1

NI 1915 - Loarca 6 Camp Crgr Teen
Qast WivonSacion W0

Oame it

1
Boom Do 10 Mirierurs Exven Coapocity: 10 )
Corfict Chuchod Iasruciots) Neasly, Ml
Aavgrec Yo T Rode .15
Assgrec Hoom KNOY WY
Solectsd Tme T %00 - 1124

New Assignment(s)

S b mam e Teyn R Towyw

¥ 1CeT 2000 oo t Hondnall, Je¥owy TTR 4230 - TTh 12 00p ROV R0

¥ 2cn7 sty Loe 1 Vierully. Helen TTh 12:408 - TTh 8- 0a KR BL16 = Slect befow ..
O not uaassion covfictng casses: |

Quient Corflcia

Sructenty fa" Ao Qeovew
ECET 20000 Lec 1 ™ m: a-. KNOY (06
G800 e d m et ARNG 1%
hg&ﬂmzicﬂ W00 L

mmnmqm_uzn_z_m.mev 4% 3
TP 300p 414p 4 TR E0p - b48p 2

Aeaiab e Reons for ECET 489000 Leo | (seleted size: 9 ¢f “0)

Sze 10 .5t Foer Aworics: M Alvers: L Ooen damejsu) W Asoiv
Prern Tyres: (¢ Cornting | #n Toching L abn
DOt oS L LOMmeence rooms L SPeCAN Ush NOuTs
 Buiding Losben L Cutyice Locatbons L Moaliniveniy Locators
Prvvn Cve o . Cavtnd Campn s . Namawwm . Mevth Tavve s
- Farcie Coreus L SounCarous L. Vilage Aren
P Festaws . 2 Compuw Moo L Ao Mecuary, L Crinbows ~ 20 P
 Ohalcsoord we X0 L Compso Ohuter Sot Comp o Colurrn Sent
COMPLAD How Seatng L Lompuner LoD Figpeehen
— Cotument Covare L ECHCMONdol ideo vd Caotrg
. Homseshoe AraeQeent L Nae L C
— Tyvaian L Yebdes o Qs L Yol A Cubs
— Thastw Seate . Tt Saating
POV X NOT IO SN W6 NG 20 NG00 TR NG X

MGLA209 16 NELYEM 0. NG, 174 20 NG X
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Examination Timetabling

Credit:.Photo.by Tourisme Montréal, Stéphan Poulin
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What is Examination Timetabling?

@ = ° The process of assigning examinations to time periods and locations

" !

\ \‘\
~
wav T NN\
.1 LN

* A difficult optimization problem with many competing objectives
AL o Student conflicts, faculty requirements, space constraints

NPT
“i@ :"-!

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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P72 What is Examination Timetabling?

= ° I'he process of assigning examinations to time periods and locations
’ * A difficult optimization problem with many competing objectives
o o Student conflicts, faculty requirements, space constraints

Why is it needed?

* The traditional process of mapping lecture times to examination
periods does not really work

* More choices for courses mean more potential scheduling conflicts
* Make process easier to manage, fairness and satisfaction, what-ifs

Credit: Photo by Envirement andiClimate Ghange'Canada



P YVhat is Examination Timetabling?

* The process of assigning examinations to time periods and locations
; * A difficult optimization problem with many competing objectives
L o Student conflicts, faculty requirements, space constraints

Why is it needed?

* The traditional process of mapping lecture times to examination
periods does not really work

* More choices for courses mean more potential scheduling conflicts

* Make process easier to manage, fairness and satisfaction, what-ifs
Many flavors

A7 * Final examinations, evening examinations, mid-terms
-+ Additional objectives

gle

Credit: Photo by Envirement andiClimate Ghange'Canada
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@ = ° Examinations (with students enrolled in them)

* Periods (not overlapping, can have various durations)

@l ° Rooms (with capacities, availabilities, and period preferences)

0 * Individual examination requirements and preferences

* Distribution constraints (same/different room, same/different period, precedence)

5

from:
{o:

8:00a
10:00a

10:30a
12:30p

1:00p
3:00p

3:30p
5:30p

7:00p
9:00p

Mon
12/09

Tus
12/10

Wed
12/11

Thu
12/12

1= *5;*.; Fri
e -
s, =1 12113

Required Evening Examinations

Strongly Preferred * Mondays - Thursdays
Preferred * 6:30p - 7:30p or 8p - 10p
Neutral * 3 days & early / late
Discouraged e 2-3 exams for a course

Strongly Discouraged * Student availability

Prohibited

Credit: Photo by Envirefiient andiClimate Ghange'Canada



Final Examinations

1 Classes / Courses

MGMT 20000

MGMT 20010 50874-T01
MGMT 20100

MGMT 290008 23766-002
MGMT 30400

MGMT 30500 23769-001
MGMT 30500 23771-003
MGMT 30500 23772-004
MGMT 30500 23770-002

MGMT 30500 23773-005

MGMT 30600

120

120

120

120

120

120

120

I Required [l Strongly Preferred

Type
Exam

Exam

Exam

Exam

Exam

Exam

Exam

Exam

Seating Size

881

205

437

36

118

280

70

236

Max Instructor
Rooms

4

Period Room Distribution Assigned Assigned
Preferences Preferences Preferences Period Room
Thu 12/127:00p LAMB F101
e PHYS 114 Mon 12/09 8:00a WTHR 200
PHYS
Thu 12/12 3:30p sTEV
KRAN Fri12/1310:30a KRAN G016
am mE Tue 12/10 1:00p LILY 1105
RAWL 1086 Same Per Wed 12/11 1:.00p WTHR 200
RAWL WTHR 104
RAWL 1062 Same Per Wed 12/11 1:00p WTHR 172
RAWL
Mon 12/09 8:00a = VW 182
[ Discouraged [ Strongly Discouraged [l Prohibited

[ Preferred [ | Neutral

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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P72 Hard Constraints

g ° No two exams in the same period and room

* Examination must fit the period and room (or rooms)

* Room must be available

* An exam cannot be placed in a period or a room that is prohibited

* Required (hard) distribution constraints must be satisfied

Credit: Photo by Envirefiient andiClimate Ghange'Canada



Soft Constraints / Objectives

* Direct conflicts

* More than two exams on a day student conflicts

) e Back-to-backs
R * Period, room, and distribution penalties

. and a few others
* Minimize room splits (and the distance between these rooms, if an exam is split)
* Distance to original room (i.e., the room where the class took place)
* Large exams first
* Rotation (average period)

Credit: Photo by Envirefiient andiClimate Ghange'Canada
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I

age Event Management

-
* Management of the remaining classroom space
* Fully distributed, including an approval process
Wﬂ * No billing etc. (just room reservations)

- - Credit: Photo by Olivier Bousquet



Published Timetable

 Events > Timetable

* Personal Schedule

* Academic session in Timetable Published state

A Batcking Rosms

0 00 L UM el hude Thwwe A Tevat
<« C @ Srcue | Mo/ demo unting.orp vcrkchap gar iEPpage ~timetat et e ets - RAsme- EMGR 35 - 10000 = Spring 301 BR DL pe - b ject < &Q H
. | Lockeo Qassas Lookwo Examinations  Timedabie Lo b
* PDF, CSV, iCalendar Exports = @= Sutfoct Trmabin @
-— .
UniTrme
' - Parzonal Schndule @ | Filter S | Sawen
e P, Aset e Asadrvie Sreion Buvn 13 (D]
JuTh
" CranFiter
s s | et | Bom Poter
P e e ] Epeing 0.5 934
RSO0 | DR Sebedt Nnetadie :
Hratasa, Loanns 8= nd for Spaeg 015 004 Pras | e Solas —
A Mbinng Paswa Ay Hren
iy ¥ Nwwdu T2 118 =3 At 144 - B8 P - 14 —his - Fngish | anguaga =l | famhora asents ‘or Spving 7015 (F) frig | fxert | MNgew |

AL Haporing Weaks

5 Narve HeChon Type ™ Date PUMSIOT TN LOCETE CapaOTy INSIruiior | Bpenser
ENG 160 Tioduw  "lumius o Fhowiug & Ma GZIC 2OIC 2000 (1 0% A0 2 JAvoin P
l ' Wb £V MF M ffa, ‘100 440 o
- ¢ Ma GWIC 2OIC M2.00 (1 0%e AN *
M LV MS Ml ‘100 440 o
l Ma CRTC 2OIC 1200 (1% AN *
—_— M £R M1 M4, ‘100 440 o
e ENG 1011 2Lacre  Proreios wrd Phenden, E Mo £222 2011 .15 . (1.00e AS7 ¥ 2beavn F
Mo EXD% 2042 1205 - (1. 0% AP x
[=:“ ==”l - II Mo L3208 Xnf 1% . 100 AS7 ®
M CA1S 2082 1205 - (1. 00 ASP x
Mo 427 201 1% . (100 AS7 b
Mo &5 1, 2002 1205 - (1. 00 AP x
-4 GEE - ENG 167 Tladwe “torcbos ard Meondog € Dt (100 AL P T —
H 1% (108 AS7 W
: H Mrde (100 ALY ¥
‘ b 1% - (108 AS7 »
) | U ide (108 AS> e
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g e Mor CIIE 208 f0k-24 AS7 ¥
Moe I D08 100 - AST x

CreditaPhoto by Susan Moss
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‘w%. Timetable Managers
2. * Can use the Events pages to see a schedule once it is committed

Other Users

* Students, Instructors, No Role (authenticated users without a UniTime
role), or even anonymous users (no authentication)

* Schedule must be committed

* Class Schedule: session status must allow for Class Schedule

* Examination Schedule: allow Final/Midterm Examination Schedule
* See Administration > Other > Status Types

* Permissions: user role must have Events permission

Event Management
Events:
Class Schedule:

Event management is available to non-administrative users (when not set, all rooms ere treated as with No Event Management status).
Final Examination Schedule: Final examination schedwe can be presented 'o unauthenticaied users or authenticated users without a rcle.

Class schadule can be prasenied to unauthanticated vusears or authenticated users without a mle.

Midterm Examination Schedule. Midterm exarminalion schedule can be presented (o uriauthenticated users ur authenbicated users wilhout a role.

CreditaPhoto by Susan Moss
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* Need event management to be enabled

* Special Events (name, contact(s), meetings)
* Course-Related Events

* Not-Available Events

Approval Workflow
* Pending, Approved, Rejected, Cancelled

* Pending meeting can be deleted, approved can be only cancelled

Permissions

* Based on Event Department, Room Type pairs
* Can be overridden on individual rooms

* Request: authenticated users, departmental users, event managers

* Approval: automatically approved, event managers, no approval

CreditaPhoto by Susan Moss
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Event Departments

* Academic session status must allow for Event Management

* Department must allow for events (Departments page)
* Rooms must be associated with an event department (Rooms page)
* Event status not No Event Management (Event Statuses, Rooms page)

Event Manager

* Event Manager role (usually related to one or more departments)

* May delegate other users (instructors) from the department

Other Properties
* Event confirmation emails (Application Configuration page)
* Can edit / approve past events (Permissions page)

* Allow modification of class or examination events (Permissions page)




Examples

* Display schedule of a room, and a personal schedule
* Request a special event
* Approve an event

More Details

 Event Manual https://go0.gl/QMQeoR

* Event instruction sheet from Purdue University
http://www.purdue.edu/registrar/documents/scheduling/Instructions-Sheet.pdf

CreditaPhoto by Susan Moss
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% Reporting

Credit: Photo by Tourisme Montreal, Stéphan Poulin



UNiTime

Exports

* Events can be exported to
iCalendar format

* For events and roomes,
it is possible to subscribe to
an export URL

* Many pages have Export PDF or Export CSV buttons
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J Custom Reports

* Custom reports can be written using HQL

* May contain parameters
* E.g., % DEPARTMENT?% will create a drop down with departments

* Requires a good knowledge of the UniTime data model
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Scripts

|
- Scripts

* Using |SR 223: Scripting for the Java Platform
* JavaScript or Python, can call UniTime methods
* For Python, put Jython Standalone JAR to Tomcat/libs
* Can have parameters (including a file)
* Can produce a file

* Convenient for additional administrative tasks, custom CSV imports
and exports, etc.

» Some examples are available at https://goo.gl/ufqwit

* Permission (users with the given permission can run the script)
* Requires knowledge of the UniTime code base

* Allows for automation (new in UniTime 4.3)

* Script APl (new in UniTime 4.3)

See http://help.unitime.org/Scripts for more details.




Conclusion

UniTime
* Comprehensive system

* A lot to configure, customize, or otherwise to do
* But the defaults work well

.....
AL ]
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« For more details, please see us at the conference

* Getting Started with UniTime (Sunday, 9 am in Liszt)
* UniTime: State of the Project (Monday, 2:30 pm in Debussy)
e UniTime Introduction (Monday, 5:30 pm, Showcase Reception)
* Student Scheduling at Purdue University (Tuesday, | I:15am in Debussy)
* Internationalization of UniTime (Wednesday | 1:00 am in Debussy)

.....

* Or visit www.unitime.org
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< ~ An online demo is available at https://demo.unitime.org

o Credit: Photo.by Tourjsme Montreal, Stéphan Poulin


http://www.unitime.org

Conclusion

More Materials
* Online Help help.unitime.org

* Installation Instructions help.unitime.org/Timetabling Installation

* Customizations help.unitime.org/Customizations

* Localization help.unitime.org/l ocalization
* Authentication help.unitime.org/CAS and help.unitime.org/L DAP

* Research Publications www.unitime.org/publications.php

* Presentations www.unitime.org/presentations.php

* Webinars www.unitime.org/webinars.php

* GitHub github.com/UniTime

* Downloads & Nightly Builds builds.unitime.org

< - An online demo is available at https://demo.unitime.org

L Credit:.Photo.by Tourisme Montreéal, Stéphan Poulin


http://help.unitime.org
http://help.unitime.org/Timetabling_Installation
http://help.unitime.org/Customizations
http://help.unitime.org/Localization
http://help.unitime.org/CAS
http://help.unitime.org/LDAP
http://www.unitime.org/publications.php
http://www.unitime.org/presentations.php
http://www.unitime.org/webinars.php
http://github.com/UniTime
http://builds.unitime.org

