Practice and Theory of Automated Timetabling (PATAT 2012), 29-31 August 2012, Son, Norway 437

An Intelligent, Interactive & Efficient Exam Scheduling
System (IIEESS v1.0)

Zhu Chunbao and Tha Nu

School of Engineering, Nanyang Polytechnic, Singapore
Tel: (65) 65501808, Fax: (65) 6454 9871
Email: ZHU_Chun_Bao@nyp.gov.sg

Abstract The purpose of this paper is to introduce and demonstrate an exam
scheduling software system that performs efficient, accurate and robust solution
searching to solve large and complex exam scheduling problems. The paper
describes the main features of the system and in particular the test paper
conflictive analysis method that can provide a highly efficient data model to
significantly improve search efficiency and interactivity.
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1 Introduction

The IIEESS v1.0 is an intelligent, interactive & efficient exam scheduling system
designed and developed to solve large and complex exam scheduling problems
using the patent pending technologies (Zhu Chunbao, 2008, 2010). The software
solution can be applied to schools, institutions, universities and training centers
which need to schedule examination activities and allocate venue resources to
facilitate these activities.

Traditional exam scheduling systems directly examine the vast amount of
student registration data for checking student conflicts and constraint violations
repeatedly during solution searching cycles. This is not efficient and not robust
particularly when iteration based search algorithms are used, such as GA and
ACO based systems (Shu-Chuan Chu, Yi-Tin Chen, Jiun-Huei Ho, 2006). As
results, computer runtime is lengthy (Nelishia Pillay and Wolfgang Banzhaf,
2007), such as for example, it takes 4 ~ 5 hours for the program to search for a
solution.

Unlike direct clash checking, the IIEESS v.10 system firstly carries out the
test paper conflictive analysis, which yields a conflictive coefficient matrix Qnxn
and then further creates the mutually exclusive paper lists MEL (k=0 to n, n is the
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number of exam papers). Note that the number of elements in MELy, denoted
Nmewk IS much less n. The system then indirectly examines the conflictive
coefficients in MELy for student conflicts in solution searching cycles, rather than
directly examining the huge amount student registration records and original
constraints imposed. The system also utilizes the conflictive coefficients to
minimize constraint violations to further increase the system’s efficiency and
accuracy.

Because the number of exam papers n (say hundreds) and NyeLk (say tens)
is much less than the number of student registration records (tens thousands to
millions), the new system enjoys high efficiency, accuracy and robustness. Our
computational experiments show that the IIEESS v1.0 system is much faster than
direct-clash-checking systems. The high efficiency enables the new system not
only to provide fast auto-searching, but also to facilitate the system with user-
friendly and truly effective drag-&-drop features which are critically important for
planners to perform manual amendments to the auto-generated schedule.

The system provides a powerful automatic venue resource allocation
engine and user-friendly drag-&-drop features as well for facilitating the
scheduled examinations.

2 The Method of Test Paper Conflictive Analysis

To simplify the explanation of the paper conflictive analysis, Fig. 1 utilizes two
test papers, Paper; and Paper; for illustration purpose. The set of students, who
take Paper; and Paper; denoted Sp; and Sp; respectively. The intersection of the set
Spi and the set Sp;, is denoted as ASp; p;.

Paper, * Paper,

Fig. 1 Test paper conflictive coefficient

It is important to note that the candidates, if any, in the intersection of the Set Sp;
and Set Sp; are common students who take both Paper; and Paper;. If ASpip; is not
empty, i.e., the number of students in the intersection set ASpip;jis large than zero,
we conclude that Paper; conflicts with Paper;. By conflicts, we mean that the
Paper; and Paper; cannot be scheduled at same period of time because they have at
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least one common student. In other words, Paper; and Paper; are mutually
exclusive each other.

Indirect Constraint Evaluation Method

In scheduling, it is convenient for the search engine (program) to examine the
original constraints imposed to avoid constraint violation, which is “direct-
constraint-checking”. Indirect constraint evaluation method performs the task in
two separate steps. First step is to study the event conflictive features among all
events according to the original constraints imposed. Output of the first step is a
short checking list. The second step is to check the short checking list rather
checking the original constraints imposed to avoid constraint violation in solution
searching cycles.

Note that the first step is one time operation before solution searching; the
second step is to be repeated in solution searching cycles. Because generally for
large and complex ETPs, the short checking list is much shorter than the original
constraints imposed, therefore the indirect checking method enjoys much higher
efficiency, accuracy and robustness. In this paper, the short list used to check
student conflicts is constructed using the test paper conflictive coefficients which
will be described as follows.

The test paper conflictive coefficient
It is convenient to use a single numerical number (integer) to describe the
conflictive relation among test papers. We utilize the paper conflictive coefficient,
Cri,pj to measure how two test papers are conflictive each other, where the indexes
Pi and P; refer to any two test papers in the schedule. For example, Cpipj is the
paper conflictive coefficient for Paper; and Paper; as shown in Fig. 1. In general,
for every two papers, Paper; and Paper;, the paper conflictive coefficient, Cp;pj can
be obtained as follows: Cpip; = |ASpipj|. Where Spip; is the intersection of the
student set for Paper; and Paperj; and |ASpipj| denotes the cardinality of the
intersection set ASpip;.

Fig. 2 shows that the exam events can be more efficiently scheduled using
test paper conflictive coefficients.

(@ (Cpip=0) (b) (Cpip=0)
(—A—\ ( A
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Fig. 2 Exam event scheduling using test paper conflictive coefficients
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For example, if Cpipjis equal to zero, Paper; and Paper; are independent each
other; which means that they can be scheduled at same time slots or at a different
time slot but with overlapped period, as can be seen in Fig. 2 (b); otherwise Paper;
and Paper; are mutually exclusive, which means that they cannot be scheduled at
same time, there must be a time gap (At>0) between the two exams, shown in Fig.
2 (a).

The quantitative value of the paper conflictive coefficient, Cpipj is
important for the system to evaluate soft constraint violations. For example, if two
mutually exclusive exam papers, such as Paper; and Paper;, are scheduled with a
narrow time gap (At), which will result in B2B constraint violation, or “Multiple
Exams A Day Conflicts” - the multiple papers are scheduled on the same day, the
system has to examine Cpip;j Which is the number of students involved. It is
necessary to minimize the total number of students who are scheduled to do
multiple papers within one day.

Fig. 1 and Fig. 2 show two test papers for illustration on how to use a
paper conflictive coefficient to measure the conflictive grade. In practice, the
number of test papers, denoted n, can be quite large. Therefore, it is necessary to
express the conflictive relations among n papers, that is, Py, P2, ... Pnq, Pp; the
matrix of the conflictive coefficients among n papers is introduced, its denotation
is @. Where @ is an nxn matrix expressed as ® = [C; j] nxn. Where, the element
Cijis the conflictive coefficient for Paper; and Paper;. Let C;;j= 0 if i=j; because a
paper can never be conflictive or mutually exclusive with the paper itself. It is
noted that Matrix @ is symmetrical, that is, element C;;= C;; because conflictive
nature between Paper; and Paper; is same as the one between Paper; and Paper;.

The paper’s mutually exclusive paper lists
Furthermore, we remove the elements whose value is zero from in Matrix ®, we

can get a shorter conflictive coefficient list and then obtain a mutually exclusive
paper list for every paper as shown in Fig. 3.

[Paper s f{r e {r b o i
Paper af—{naal— -

W<—|x.ll—|x.zl—|x.ak b el

o B o o B

Fig. 3 The mutually exclusive paper lists
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For example, for Paper;, its mutually exclusive paper list is represented using a list
of value pairs, each being denoted Apipj as Apipj = <Pj: Cpipj>.

The element Apip; is called <paper index - conflictive coefficient> value
pair. Fig. 3 shows the mutually exclusive paper lists in form of the value pairs,
Apipj. Note the subscript, i = 1 to n, where n is the number of total test papers; j =
1 to piNp, where piNp is the total number of conflictive papers which are
conflictive with Paper P;. As can be seen from Fig. 3, the value of piN, varies. In
general it is much less than n in most of the cases. An exemplary value of the
value pair Apig poo IS <P20:400>, which means that paper Py is conflictive with the
paper Py, and the number of students who take both paper P1y and paper Py is
400.

As can be seen from Fig. 3, the value pair Apip; is used to construct the
mutually exclusive paper lists. For paper P;, its mutually exclusive paper list MEL;
is expressed as follows.

MEL; ={ i1, Ai2 Aig, .- Aij -« . Aipinp-1, AipiNp } (1)

It is the mutually exclusive paper list MEL; that is used in the IIEES 1.0 system
for clash-checking. That is, if T(Paper;) denotes the time slot scheduled for Paper;,
T(Paper;) denotes the time slot scheduled for Paper;, for any Paper; which is in
Paperi’s mutually exclusive paper list MEL;, following student conflict free
constraint must be satisfied.

T(Paper;) # T(Paper;) @)

If the number of students taking paper P;, is PiN,, say 500 students, that is, who
were enrolled with Paper; as shown in Fig. 1, and the number of students taking
Paper; is 400, traditional direct clash checking method has to make massive
comparisons 500x400 = 200,000 in order to find if there is any student conflict.
However, using the new indirect clash checking method, the system only needs to
check whether the Paper; is in Paperi’s mutually exclusive paper list MEL;, if
answer is yes, Paper; and Paper; cannot be scheduled at same time due to student
conflicts.

It should be highlighted that to check student conflicts using the indirect
clash checking method, the number of comparisons is PiN,, which is the length of
Paper;’s mutually exclusive paper list MEL;. Typical value of P;N, for a medium
sized exam scheduling problem, is tens, say 0 to 20, which is much less than PiN,
x PjNp, say 200,000 as described previously. As the result, the new indirect
constraint checking method is many times (i.e., 10,000) faster than traditional
direct constraint checking for the example illustrated in Fig. 1.
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3 The System Architecture and Software Modules

The IIEESS 1.0 system consists of three functional modules: 1.) input module, 2.)
exam scheduler, and 3.) reporting module, as shown in Fig. 4. The input module
consists of a data loader that down-loads student registration data from external
sources such as databases or other forms of data storage. The input module also
stores into the internal storage the exam scheduling information such as exam
papers, venue facilities, and time slots as well as constraint information.

Once registration data are loaded into the system, the test paper conflictive
analyzer will performs data pre-processing, test paper conflictive analysis in
particular, and store the paper conflictive information for the exam scheduler to
use. The scheduler contains an internal storage, a timetable scheduler and venue
resource allocation module. The reporting module provides functions to upload
the exam schedule solution to legacy database such as exam management system,
and it can also generate various exam timetable reports for trail release or formal
publication.

Input Module Exam Scheduler Reporting Module
Exam papers ! i E = exam timetables
Venuepfartzilities Al/Scheduling = invigilation
) Parameters Exam |7 duties
Time slots \ / schedule
Constraints / reporter "
— —
Paper Conflictive
Analyzer Internal Data Storage \ —
Nl Data
[
Student Up-loader Exam
registration data Management db
T Al Exam Scheduler
: Data loader
i Dataconvertor : Timetable Scheduler
Existing

reporting tools

Venue Resource

Other data Allocation

sources

« External data
sources
* Legacy apps

Student
Registration
db

———|

External Data Sources

Fig. 4 11EESS 1.0 System Architecture
4 Input Data

The input data to the 1IEESS v1.0 system are categorized as follows: 1.) student
registration data, and 2.) exam scheduling information. The student registration
data describe “who studies what and in which group?”, i.e., the candidates-papers
relationships, which is critically important because the exam scheduler has to
generate a conflict-free timetable solution. The exam scheduling information
includes the following:
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1.) Exam paper information and related constraints

2.) Venue facilities and capacity/availability constraints
3.) Time slot specification

4.) Soft constraints

Student registration data
The student registration data can be presented and stored in many different forms.
The format adopted by the 1IEESS 1.0 is as follows.
<Student Admin No> <Module Code> <Module Group>
The school name and campus code in Fig. 5 are specific in our school and for

venue resource allocation use. Note that the student admin number, module code
and module group must be unique in the schedule.

Who Studies What, in Which Group?

Student Adm..No, Module Code Module Group

0621580 BM0O55 BMOO55-FC
I NYP_2010S2_Reg Data (B).txt - Notepad (=13
File Edit Format Yiew Help
SCH CAMPUS_CODE ADM_NO MODULE_CODE MODULE_GRP ~
SBM AMK 046856w BMG6382 BMG6382-01
SEM AMK 046856w BM6386 BME6386-01
SBM AMK 062158U BMOOS5S5 BMOOSS5-FC
SEM AMK 0660501 BMOOSS BMOOS5-BH
SBM AME 0660501 BMO902 BMOS902-BH
SEM AMK 0660501 EMOS03 EBMOS03-BH Down-loaded from
SBM AME 0668498 BMG6382 BMG6382-01 d t b
SBM AMK 0668408 BM6386 BMG386-01 atabase
SBM AME 0668500 BMG6382 BMG6382-01
SEM AMK 0668500 BM6386 BM6386-01
SBM AME 066851G BMG6382 BMG6382-01
SEM AMK 066851G BM6386 BM6386-01
SBM AME 066853F BMG6382 BMG6382-01
SEM AMK 066853F BM6386 BM6386-01
SBM AWK 066854w BM6382 BM63IB2-01
SEM AR 066854w BM6386 BM6386-01
SBM AWK 0668551 BM6382 BM6382-01
SBM MK 0668551 BM6386 BM6386-01 ~

SCH Campus Code

* Note that student adm, No, module code and group code must be unique.

Fig. 5 Student Registration Data

Time Slot Specification

The planning period must be specified before the scheduling. Typical time slot
specification is shown in Fig. 6. Note that in the exam scheduling, time is
represented in form of integer numbers (namely slots). The numerical numbers are
mapped back into real time for reporting purpose after schedule is complete.
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Siot S/ (110 N).

1 7-Feb-11 Mon 1 1000 1
2 1500 2
2 8-Feb-11 Tue 1 1000 3
2 1500 4
3 9-Feb-11 Wed 1 1000 5
A 1500 (-]
4 10-Feb-11 Thu 1 1000 i
2 1500 8
5 11-Feb-11 Fri 1 1000 9
2 1500 10
-] 14-Feb-11 Mon 1 0300 1
2 1230 12
3 1600 13
7 15-Feb-11 Tue 1 0300 14
2 1230 15
3 1600 16
8 16-Feb-11 Wed 1 0900 17
2 1230 18
3 1600 19

Fig. 6 Time Slot Specification

Test Paper Information

The format of the test paper information in the IIEESS 1.0 system is shown in Fig.
7, which includes school code, paper ID; paper title; duration; and list of modules
covered in the exam paper. The No. of students will be auto-counted by the
system according to the student registration data set. Note that paper IDs must be
unique within the whole schedule.

Paper 1D Module List
EG309 EGB309,EG3244

Paper . Noof | Dur
205 SEG-EGM EGB301 EGB301 85 2 EGB301
6 SEGEGM  EGBI02 EGE2 & 2 £GB302
27 SEG-EGM EGB307 EGB307 14 2 EGB307
28 SEGEGM  EG309  EGBM 2 2 "
209 SEG-EGM EG310 EGB310 139 2 EGB310 EG3245
M0 SEGEGM  EGE3  EGE3N 19 2 £GB311
M OSEGEGM GBI EGEI P 2 EGB31¢
22 SEG-EGM EGB315S EGB315 2 2 EGB315
A3 SEGEGM  EGEIT  EGE3Y7 © 2 EGB317
214 SEG-EGM EGB318 EGB318 19 2 EGB318
a5 SEGEGM  ECIOl  EGCIOL w2 EGCI0l EGBIOI EGDIOI EGFIOl CICIOI CIBIOl CIGIOl EGHIOI EGHOI EGIOO
216 SEG-EGM EM102  EGC102 303 2 EGC102 EGB102 EGD102 EGF102
W OSEGEGM  EMI0Ra EGCION w2 EGCI03 EGBI03 EGHI0? EGHO2
a8 SEGEGM  ECIO7  EGCIOT w2 EGCI07 EGBI07 EGDIOT EGFIO7 CLCIO7 CIBLO7 CIGIO7 EGHIO? EGHOT EGIOO
N9 SEGEGM  EMIOBa EGCI08a w2 EGCI08 EGBI08 EGFIR EGHIO3 EGI03

U \ )

Y
Paper ID List of modules tested in the paper

Fig. 7 Test Paper Information
5 Test Paper Conflictive Analyzer

After the student registration data and test paper information are loaded into the
IIEESS 1.0 system, the system will perform test paper conflictive analysis which
yields the mutually exclusive paper lists for every test paper as shown in Fig. 8.

For example, the paper titled “Materials Technology” with paper 1D
“EGC105”, has a mutually exclusive paper lists as follows.
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MELggc10s = EGBZOS]., EGF212:1

This states that the paper EGC105 is mutually exclusive with EGB205 and
EGF212. There is one common student who takes both EGC105 and EGB205;
another student taking both EGC105 and EGF212. The system will not schedule
the papers EGC105, EGB205 and EGF212 at same time to avoid the student
conflicts. The mutually exclusive paper lists are also used when the system
optimizes the searched solutions by minimizing the total number of common
students involved in back-to-back (B2B) and multiple-papers-a-day (MPD)

conflicts.
SIN | School Paper ID |Paper Title Stds Dur | Nmzc | List of mutually exclusive paper Isit and common students

1 |SEG-EGM EGCI05 Materials Technology a0z 1 2 EGE2054 EGF2124
2 |sEGEgn  [EGEM  |Computer Programming 355 15 0 |ecconst  |EGCond  |EGC2042  |EGE20S1 | EGC20A
3 |sEEGm  |EGC205  |Manufasturing Information System 182 15 5 |EcCim EGC20489 |EGCI52  |EGCI0TY | EGSers
4+ |sEGEgM  |EGEEM | Computer-Aided Manufacturing®Enginey 121 15 5 |EcCim EGCo0g2  |EGCI0TY  |EGF20623 | EGS21ads
5 |SEG-EGM EGE204 | Micro-contraller Applications 14 15 6 |EGB20535 |EGH20437 |EGE2i0d  |EGE2i EGE306:2
5 |SEGEGM EGC204 | Metralogy & Guality Control i 15 6 |Eocittz  |EGC205e8 |EGCzind  |EGCH051  |EGC3074
7 |sEmEcM  |EGE205 | Qualiy Assurance 105 15 6 |EGcinst  |EGCH EGE20435 |EGE2I01 | EGEI06
& |SEG-EGM EGF210 | Matrology & Quality Contral 26 15 2 |emFzizzs  |EGS2E
3 |SEG-EGM EGCZI0 | Robotics System & Peripherals 10z 15 4 EGod EGC2M82  |EGCI04  |EGS2147
10 [SEGEGM EGC305 | Manufacturing Systems & Simulation 42 15 * |ecCz05z  |EGCzoed  |EGCaora
0 |SEG-EGM EGC307 | Computer-Aided Dlesign & Analysis 33 15 4 |eGC2051  |EGC2id  |EGC2044 | EGC305:31
12 |SEGEGM EGDEN | Shopfloor Monitoring & Contral 82 15 5 |Emcaziy  |EGDen:  |EGDziz1  |EGDI082E | EGF2IZd
13 |SEG-EGM EGC32 Adwanced Metralogy & Quality Assuran 22 15 a
14 |SEG-EGM EGC321 Advanced Machining Technology 26 15 1 EGD201T
15 |SEGEGM EGDR2H | Quality Frocess Control & Management| 66 15 ¥ |EGDant:  |EGD2izes  |EGS21:25

Fig. 8 List of mutually exclusive paper lists and conflictive coefficients

6 Exam Timetable Scheduler

The main GUI of the IIEESS v1.0 scheduler is shown in Fig. 9. The main features
of the exam scheduler module are listed as follows.

e Load exam scheduling data and constraint information

e Auto-generate exam timetable solution

e Clash-checking and optimization support for manual operations
e Save searching results

Fig. 10 shows the drag-&-drop features provided for manual operations. Note that
as the clash checking and constraint evaluation speed of the I1IEESS 1.0, the
system is generally many thousand times faster than the existing direct-
clashOchecking systems, it can provide efficient and effective support for manual
operations. Typically the system can confirm a manual alteration made to the
schedule in few micro-seconds, whereas old systems can take several minutes (as
long as 30 minutes) to confirm a change made to the schedule.
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Fig. 9 1IEESS v1.0 Main —Scheduler

E® Exam Scheduling System (IIEESS-v1.0)

_tk Miew  Tools  Help
i) 05 el |G LS| &5 | [SEGEGM: 57 v/ [ sch-campus  [] alert day clash [ booking mode

Main Scheduling Board | Vienue Allocation | Test Paper Details | Al Parameters |
E] sch E] paper-title E dur I]181 iz | a3 01: 15 | 18 [:i 1w | 19 Da% 21 £ 02130 24
203 SEG-EGM  EGB203 EGB203 st o2 (@

204 SEG-EGM  EGB208 EGB208 @ 2 @

205 SEG-EGM  EGEIM EGHIN 85 2 (B) oges | 213.40 213:40 209:133 20717209133

206 SEG-EGM  EGBIN2 EGE302 g4 2 (10 [pos 54

207 SEG-EGM  EGB307 EGB307 14 2 (@ 20714 |

209 SEG-EGM  EG303  EGB309 2 2 (o [ss 2

200 SEG-EGM  EG310  EGB310 138 2 (18 |ZEREE

210 SEG-EGM  EGBI11 EGB3N 19 2 (@ 013

211 SEG-EGM  EGE314 EGB314 202 4 [

212 SEG-EGM  EGB315 EGEIS 21 2 W {212:21

213 SEG-EGM  EGB317 EGE317 40 2 (8) BEET

214 SEG-EGM  EGB318 EGB318 13 2 @ a1

When using drag-&-drop, clash-checkingand constraintvalidation are auto-performed by the system:

1.) Theslotin red coloris not allowed to use because of studenttime clash.

2.)The slots in_:r can be used butnot optimal because of mdp constraint violation conflict, i.e.,
students needtotake 2 papers a day.

Fig. 10 Drag-and-drop features for manual operations on a schedule

7 Venue Resource Allocation Module

The un-facilitated exam activities which are scheduled using Al scheduler are then
facilitated with venue resources by the venue allocation module (see Fig. 11). The
module provides an auto searching mode and a manual drag-&-drop feature for
manual venue allocation.
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The fully facilitated exam schedule is saved a file as a final solution that is ready

for reporting or exporting to the legacy database system.

Main Schedhing Boand | Verwe Akocaion | TestPapes Detsls | 4 Pasomneters

1% T Sas Pl 13
N S
17Dy Sessn 1 )
18 Dag .- Sestion 2 [ Rrcat ] Eile savingime . o file savingtime
19 Day 8- Sestion 3
12 Doyl Semind " 1282911 20853PM
Mo 1M -
203 Send ¥ - ol Skl |
SNSh P mmmwm (L sbySidio {Pagers ssigoed) SHVene  Sch Cap  Used Sestsief
1 SHEHEN HIDS 2 73 |6m nzzuz(m 2 T EG310 1oAME NP 1D 1B 3
1 SHGHSN HIN3 1 51 _/ A NP 3
3 SCLCL CLET 2 42 |42 S48 13861 3oENw NP oW o
4 SEGEGM EGND 2 13 |19 A28 Hias I oamEy NP S0 S
5 SEGEGM EGCIM 2 13 |23 SAT6 Hioas 5 oomEy NP W0 M 1
6 ST ETHEl 2 1 |2 ENE §oGmME) NP 0

Drag-&-Drop Operations:

» Draga paperto a venue
Drag a paper to another venue within venues board
Draga venueto a paper
Drag a venue to another paper within papers board
Drag multiple papers to a venue
Drag multiple venues to a paper

(1) One paper to one venue; (2) Multiple venues to one paper; (3) Multiple papers to one venue

1 D007

8

9

S4T4

S4T5

SeM

SEG

SEG

Fig. 11 Drag-and-drop features for resource allocation

8 Exam Timetable Reporting

CLC32T RGO

10

n

12

5476

HZ0

HHI

SEG

SHS

There are two ways to generate the exam schedule reports. Firstly, the IIEESS 1.0
system can upload the schedule solution to a legacy database if any, so that the
existing reporting tools can be used for the students and staff to access the exam
schedule, as can be seen from Fig. 8. Secondly, the system can generate the
required exam timetables directly using solutions created by the system, as can be

seen from Fig. 12 and 13.

9 Main Features

1.) Most suitable for Large exam scheduling problems, with complex cross
school/department registrations (no of candidates can be as high as many

thousands), solutions are accurate and robust.

2.) User-friendly registration data entry and system parameter setting; ease
constraint and scheduling requirement specification.
3.) Fast solution searching (runtime is within few minutes for a sizable exam
scheduling problem).
4.) User-friendly drag-&-drop features, conflict checking is done in few
micro-seconds.
5.) Advanced reporting and integration tools for schedule output and statistics.
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Exam time schedule file Exam Schedule Data in
db format (txt file)

B test_schedule_0_ww_TWConstraints_mewvZ.txt - Hotepad

2180002 | 00021 51812 | seMI 1]
840002 | 513 18|€A:27 | B8: 30| 8c 12980291 86: 3018
2180003 | 80002 536)2 | sem 1|
BM0003 | 536|183 AA: 28| AB: 30| AC:29] A0 301 AE: 30| HA;
3180007 | BO00T| 5162 | S6M|1 |
BMO007| 516|183 |BAz27 | B6:20|BC:20|B0:29|BE:30|BF:
4| B000B | BOO0S| 524 | 2| Sem| 1|
BRO000E| 524 (18] 28| AB 30| AZ:128
180011 | 80041 | 537 |2 | s8m|1|
BMO01Y | 537 18| AA:28| A8 30| ac : *
180012 | BOCLZ|524]2|58M|1| .
0012|524 |18]|BA:27|BB:29 B0 . B
7180016 | BO0L6]516]2|S8M|1 | 1 B
B40016| 516|188A:27 | B8:30| 62 : 4 \ B
6180039 | BOOLSC | 683 | 21 Seet| 2| B
BMOOLY (522 | 28| am30|ac 41 e
BMO032|161|8|2as20]28: 21  2c: 21|32 B
91B0031CiB0031C| 225|121 SITIZ| 1|3 B
LR =
1T B - 2
1|156 | E2008C| SEG-EGE o
= 1|183|E3336] SEG-EGE| . < >
1|184|€3339| SEG-EGE| .
S‘t d t d | 1|190|€3352| SEG-EGE| .
- 1]275|C2702| SCL-AMK| .
udent-moaulée 1|278|C3101| SCL-AMK| 51 .24
. 1]209|CC203C] SCL-CLC] 11 IS 6]5.475] El
grouping data

file
Venue resource
allocation data file Exam info
management
system

Fig. 12 Export the exam schedule to database

Exam Timetable (Summary)

Date Time Paper Module Groups StdNo Venue Senior Inv
82712011 0830-1000 Engineering Mathematics 1A/8 EGC101 ci-c4 9 LTR1
ter EGC101/EGE101 Cs,B1-B2 68 LTal
EGB101 B3-BS 66 LTaz
EGD101 D1-D3 58 LTa3
EGF101/EGH101 F1,H1-H2 65 LTa4
EGJ101/CLC101 Ji1,c1-c2 70 LTar
CLC101/CLB101/CLG101 C3,61,61 7z LTas
Aerospace Material & NDT Technology EGC3I22EGFIM C1F1-F2 42 LTQS
1100-1230 Engineering Mathematics 2C EGC20T Cc1-C3 65 LTar
EGC20T/EGB20T c4-c5B1 82 LTas
EGB20T B2-B4 82 LTag
EGB20T/EGDZ0T B5,01-D2 63 LTatl
EGD207/EGF20T/EGJ207T D3,F1,J1 70 LTatz
Industial Safety & Loss Prevention cLcam c1-c3 63 LTa1
CLB301/CLG30M B1,61 44 LTaz
Product Innovation & Rapid Prototyping EGC310/EGD306 c1,01-D2 69 LTa3
Automated Machine Design EGC302 c1-c2 35 LTo4

Fig. 13 Exam Timetable Schedule Report

10 Hardware/Software Requirements

Hardware:  IBM PCs, laptops or equivalents; monitor resolution 1680x1060.
Software: MS Windows XP or above, MS .NET framework 2.0, or above,
MS Office 2005 or above.
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11 Conclusions

The IIEESS v1.0 system is highly efficient; it is much faster than traditional
direct-clash-checking systems in terms of solution searching and constraint
validation. The system particularly performs well in scheduling large number of
exam activities with large number of candidates who registered with multiple
modules (papers) cross schools or departments. The runtime for a sizable exam
scheduling problem is extremely fast, e.g., in few minutes.

The system is truly interactive. It provides user-friendly drag-&-drop
features for the planners to book a time slot for an exam before scheduling or to
amend the schedule after scheduling. When booking a slot for an exam or amend
the schedule auto-generated using the system, full supports will be provided by
the 1IEESS v1.0 system, such as clash-checking and optimizing solution searching
and satisfying constraints imposed. The changes made can be confirmed in few
micro-seconds. The new system is transparent and robust. The IIEESS 1.0 system
is always able to generate a solution. If no complete solution exists, the system
generates an in-complete solution and indicates the un-scheduled papers and
displays reasons why they cannot be scheduled, such as like conflict constraints
being imposed.

Although the IHEESS 1.0 system is designed for exam scheduling, the new
method and patent technology can be applied into a wide range of other
applications, such as transportation planning, sports activity scheduling, vehicle
routing and man power scheduling in various production and service industries
where event conflictive features and relations must be analyzed before solution
searching.
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