WD 2012/ 050519PCT/ S&2010/ 000388 1 METHOD AND SYSTEM FOR EXAM NATI ON

TI METABLE SCHEDULI NG USI NG TEST PAPER CONFLI CTI VE ANALYSI S AND SWARM

| NTELLI GBMBRo/®bzioof the Invention 5This invention rel eteschoomosgst em for
scheduling events with an overl appi ngiset of participants in tine slots.
More particularly, this invention relates to a systemthat uses conflict
anal ysi s t METHOD AND'SYSTEMEFOREXAMINATION THMETABLE SOHEDULINGIWUSING s t hat

mor et han one ERIPABERJRNECIG TIVE AL YRIE AR SpARMARRE | ipgie’ ! eed 1
particul arly, _thihs I nvent : on rel at ets t]? at 10 tsys_terntfor s?:htedul i ng
confl{ et anal ysis to reduce therRHBEReSAVEH LY i sons needed to conirm

t hat gxam nat Thi itVedtice Fegtes &sla 'svstemrfarmedem@re\bhatwiﬂt ardevdérapgingrset ot ake

nore than gne exam nation i slot. 15Prior Art Event
schedul i RgtiFigants in timesiotsy 'ﬂ%{ﬁﬁ’ﬂ'ﬁ I%@' H\%ﬂ?c‘!ﬁ?tfo feraée%f?ea SESEMNRLIESS o o
wher e evepiflic anallsisitt gedurg the npmbbrt eftimparisbms pegdedaalcanfimnaventethat atei onal

i nstitutiqgns cludln col | eges, universities ni,ng_cent.ers nust
schedul o SSHEEHIED Anamessugh i dm ApasBias Pt fis REmEre ety

W t hi n aegdtt tsahédutedin thatsaare e siot. Stilhuwre Naidulatlyiibis infentisamélatesitorss nmust
be given in M ften substantially
o1 hasiglert it BRa g oARRNRh, b o kel ol Bel h f1ilert O R Sl

st udent using oaflict adalysis totrelioce theo nombembE cempatisumti meesied ot confirantbat i e
sl ot. Secondary constraintsg.such as exa |ons havi n onmo

st udent se‘é%'ﬂ?%orb@r %%{‘888'6@& A Sf‘ﬁcg‘r{ﬁ% uderss ﬁgr O?(Sﬁ%\ W g}a%aé/netl ne
bet ween examinatidn inrsgiverdtihéalot. 25 exam nations with a | arge nunber of
students should be allocated an earlier time slot in the exam nation:

peri od. Currently, those skilled in the art have provided many types
of thsetable solution searching al giriartArt to sol ve t he schedul i ng

probl ens. So of the orit se I I ence
t echni ques sUEHe'g sch i‘blﬂ'gsgaar Bwb[mﬁ%ﬁn fna@ygq%bdér [ 'tE u ;' 'J Pﬁ% %artlc'ﬁ I ﬂelog
conput i nghefeueent eofrmelutnng;ymyemsproyeaqahc coi panthgarambnyaaduaaﬂomah@sgﬁbbms

h h
Fequi re. FeBping coledese R RET ARALaTES b AR RRE Mo BB ToP Al bt "
gr eat nummecowﬁes:@ffpmdl y)rtbeunstmledewhtmm a:@apalneexawnatqmdeeﬁoqaaﬂmum pant s

[201 34 €7 Blimh8: G5! Fﬁ&%%@%ds?ee ofehfif MF 8118 el ARErI 2 BAEHN N ARt S O

det e It mar secon constral n
data set substtdmtnlly lesg memrmepnmﬁry sonsdrairtt opaxamloammﬁweddmgrl@qm ne smdgnte at

VO 2012/ 05931]‘;%ng/ tg%{) }Oqjtg\gogﬁ ?no%e examinations in the same time slot. Secondary

constraints such as examinations having a common set of students should be spaced

well apart from one another to allow study time between examinations and that
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Currently, those sk;illed in the art have provided many types of timetable solution

searching algorithms to solve the scheduling problems. Some of these algorithms make

30 use of artificial intelligence techniques such as, tabu-search, genetic algorithms,
evolutionary computing, fuzzy expert systems, graph coloring and variable neighbor
search (VNS). Itis a problem that systems incorporating these algorithms require a great
number of comparisons to check possible solutions. The great number of comparisons is
needed to compare the student participants registered in each examination in the same

35 and/or adjacent time slots to determine whether the primary and secondary constraints
are met. Thus, a data set with a large number of student participants may require a great
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~ at least one common participant may be scheduled in the same time slot. In accordance
- 35  with the embodiments, a schedule is produced by the following process. First, parti_cipant
data for each of the participants is received. The participant data for each particular
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25 of the other event.

In accordance with some embodiments of this invention, an artificial intelligence
algorithm generates a schedule of events. In some particular embodiments, a swarm
~ artificial intelligence is used. In accordance with some of these embodiments, the
30 artificial intelligence algorithm uses the lists of mutually exclusive events to determine
which events must be scheduled in different time slots in the schedule. In accordance
with some of these embodiments, the validity scheduling of a pair of events in the same

time slot in the schedule i“s determined using the intersection coefficients of the pairs of -
events. In still further of these embodiments, the schedule is optimized with respect to a

35 second condition using information about the intersection of participants in the pairs of
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anor gani aavizorealsodbagr am of a course of study; Figure 4pclscabnabezsg an

or gani zati onal diagram of a course of4study; 20Figure 5 illustrating a
network including processing systens that may provide a nmethod and/ or

syst em i Bvérts.or Mg asforhatione magdbereselettaf flohi she ivtersiectivns bf the @afs, the

i1l ust ratl n bl oc i a m of. co of prgcessi ng.system provi di ng
1 ot hod niiepdien spetarnR TR G ABahae sty BAESve REL ! fvent | on;
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15  educational institution; ‘ '
Figure 2 illustrating an organization diagram of an examination for courses offered
by an educational institution;
Figure 3 iIIustrating;an organizational diagram of a course of study;
Figure 4 illustrating an organizational diagram of a course of study;
20 Figure 5 illustrating a network including processing systems that may provide a
method and/or system in accordance with embodiments of this invention;
Figure 6 iIIustratinQ a block diagram of components of a processing system -
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Figure 7 illustrating a flow diagram of a process for scheduling events in a time
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Figure 8 illustrating a flow diagram of a process for determining a schedule is
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Figure 9 illustrating a flow diagram of a process for determining a schedule is
acceptable in accordance with other embodiments of this invention;
30 Figure 10 illustrating a flow diagram of software modules and data passed
between modules in accorgance with one embodiment of this invention;
Figure 11 illustrating a Venn diagram of the intersection of students taking two
examinations in accordance with the embodiment of this invention shown in Figure 10;
Figure 12 illustrating a diagram of a matrix of intersection coefficients in
35 accordance with the embodiment of this invention shown in Figure 10;
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Each26m dule 1+ﬂilsjir’\l\?enqgl¥ ré?gtegk égggeﬂn%roscheduhng events with an overlapping set of
participants in time slots. More particularly, this invention relates to a system that uses
conflict analysis to reduce the number of comparisons needed to confirm events are
scheduled in a'manvner such that a common participant is not included in more than one
event scheduled in the same time slot. Still more particularly, this invention relates to a

25 system for scheduling examinations with an overlapping set of students in time slots
using conflict analysis to reduce the number of comparisons needed to confirm that
examinations are scheduled in a manner such that students do not take more than one

examination in a given time slot.

30 In accordance with this invention, a method and/or system for scheduling events
in a plurality of time slots is provided. One particular problem that the provided method
and/or system may be used to solve is an examination scheduling time table. Figures 1-4
set forth the problem of scheduling examinations in a limited time period. Figure 1
illustrates an organizationél chart of a course of study 100. Course of study 100 may

35 include any number of modules 111-115. Each module 111-115 may be divided into
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skil | ed B0 tnallow sysigms on @m@ﬁalz@twwéfﬁ te gemawaicatecwith pHer systems eveethen

Procgssi pernds [SINGBShPR & éoheérﬁrahaﬁe@fv&hM%ﬁ&&aé&ogwrsws@rnbogysf&ﬁ that

executing processes In accordance wt di ment this rnvention wll

vary fr oRefaraseaspugfusgiiansior 'Otepm@ﬁﬁ%ﬂ‘ﬂgf’f%??f'@'ﬂﬁ é?ﬁi 5tzﬁ| Work siatiens §2%,i ven

by way ok XA BdrveRfdnal computers systems, such as laptop or desktop personal computer
systems, that perform applications stored in memory and that may communicate with |
other processing systems via router 520.
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15 Processi ng system 600 i ncludes Central Processing Unit (CPU) 605.
CPU 605 is a processor, mcroprocessor, or any conbination of processors
and m cr opoQoORIB0518 t hat execute instructions to perforrcrse2pnooessses in
accordance with the present invention7 CPU 605 connects to nenory bus 610
and I nput/Qutput (1/0O bus 615. Menory bus 610 20 connects CPU 605 to
menories 620 g8fepBP5 conigcindwdrk deitiong 531, 582 and internet 5101 VEsavert 815 ismnor i es

and CPU 605. ]./ O, bus 615 .connects CPU 605 t eri pheral _devj.ces to, transmt
Gt a bot GUBRnteNa! AgYeD At BROdES, materuncoans fo. BE BRI S Sier i ehf |

wi |1 recpgtone indhadind /accdiss td Iiempt! 51070 Work Ustatichd 53532 ate rdonwerdionalt 0 one
bus or subdivided jnto n t her busses and the exact cqnfi ration is
Peft to PHBRUCESSIANE. ischas fapidh pr deskiop personglropBiiet syRlemarr Peim < ych
as a fReadpphchiforiésiorey i REMory aAd ¢t ieayt cextinrh onicatewith diber @GdckssiNgreysiest i | e
menory 620 storgigi nstructions and data needed to operate various

sub- syst ¥#5B*" Bl ¥cessi ng system 600 and to boot the systemat start-up. 30
One skilled in the art will recognize that any nunber of types of nmenory

b d to. formthis f tipon. A volati] . 625, such Rand
1Ry Do voed kel BN of e eSSl TRt s el
625 st or asedddetd BRéoute thed applivatiortafram3mstreetibed diyreGRb) GOMmotyo top peffonmma
yst S+ RORBEL I SHERIG RVaME  SoLirTioe i LSS AEC Sriheleiph ge®
2012/ 0505KiaGH thedH GlD(H23Ghize thdt| the regactgeunfiguriation ofiesicm pravessing systpes of

d id l.at i |. d t i
ot as Boyde ARt Tl B ER B Glran B et bR Thacrbiihelgi ' °
keyboar demBbdinintspdfalyis r@ntiorewitirvanoiém pnadeseing syisteincte pad@ssing sgstamyanduber
f oth i ph | devi to 1/0O bus 615 t h dat ith
of o er*@s?ﬁé}@ era ewg}g?fl%%&n egig’.h' o us o exchange data w

CPU 605 & IS Ve Y % executed by CPU 605. I/O device 630
is amy device that transmits and/or receives data from CPU 605. Keyboard

530 1513 T SRS | SR Bl e RS i BRATRS 4

di spl ay apagessam micreproeessof,@r aay gembinatiors ebprot€ssbbnand/ mi4eprocessorsdhalc e

o "SRR B S SRR, e AR e SRR Lo o
data to @R 60Scormebisito prepuary Hus 618 ped dnmit/Output (1/0) bus 615. Memory bus 610
20 connects CPU 605 to memories 620 and 625 to transmit data and instructions between
the memories and CPU 605. 1/O bus 615 connects CPU 605 to peripheral devices to
transmit data between CPU 605 and the peripheral devices. One skilled in the art will
recognize that 1/0 bus 615 and memory bus 610 may be combined into one bus or
subdivided into many other busses and the exact configuration is left to those skilled in

25 the art.

A non-volatile men{ory 620, such as a Read Only Memory (ROM), is connected to
memory bus 610. Non-volatile memory 620 stores instructions and data needed to
operate various sub-systems of processing system 600 and to boot the system at start-up.

30 One skilled in the art will recognize that any number of types of memory may be used to

perform this function.

A volatile memory 625, such as Random Access Memory (RAM), is also
connected to memory bus 610. Volatile memory 625 stores the instructions and data
35 needed by CPU 605 to perform software instructions for processes such as the

processes for providing a system in accordance with this invention. One skilled in the art



This invention relates to a process and/or systemthat reduces the nunber
of 15 conparisons needed to verify a schedule of events in tine slots. The
i nvent i orwoedipsssibhe nunber of conpari sons to deternm necnseowrooasspr i mary
constraint is net by using indirect cenparisons. Thus, the intersections of
sets of participants in pairs of events are determ ned and then conpared to
a t hr eshailiidresbgrizé tm’atwwnhwnber' bhéeyppaiof raemohyemay o mwped da.prdvides volatile
participants in C nall of the . pairs are,only. red. once 20at
Phe. t§ nomemencgd B 8% Hite behdls leif2ss AEulT bideLloindty SR Bt s wi I
then require a Iookup and then conparison to a threshol-d. Figure 7
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student s, t akin e b1 r

Santhes MeRonTHaS 5 PR BF (R HrO SRR Al B afF Rl EE0 €64 8t

menory. datato a mediat Blpmspewee 650 obnrectsnCBU H06 t6 armedslorkdor mmlmf with
each of V& t he intersection of participants of the
event s iéugt?ﬁggﬁgf"r)% R% rSPméslsilné sé(%]:ea ts35for each pair and stored in nmenory.
In step 720, an intersection coefficient is determned for each of the

pairs of events.. . Jint ecy i flcd ' f pant s
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coefficignt f,S XGHEL pair.
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in a pair an e 'S represents a second event in pair wth the
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or n e then
oedt o' SERETnL B OER STROER Stosbdlnt BOREARENE AR LIRE WiFHER gl (o7
in step Ewkun@nmmwﬁmmv‘@Mts of a first event are those events
that are in a pair with the first event that has an intersection
coefficient greater than zero. In other words, for an event to be included
in the |ist oFigura Gdlusiyates @l flew diegwment @ prasess fastveafying,@ aeheduler of evests be at
| east on € nt s
cannot btS e & FHers e PERBBaE o s Menedte e o e A e ve
even?s aevertaperPrecassd@0ibggins in step 705 by receiving participant data. In the example of

examination scheduling, the participant data is the registration information indicating each

examination that each student must take. However, more generally, the participant data
must show each event that includes the patrticipant information for each of the participants.
In step 710, the participant data is used to generate lists of participants for each event. In
30 the examination example, a list of students taking the examinations is generated for each

particular examination. The list of participants for each event is then stored in memory.

In step 715, pairs of events are formed for each event with each of the other

events. A list of the intersection of participants of the events in the pair is then generated

35  for each pair and stored in memory. In step 720, an intersection coefficient is determined
for each of the pairs of evénts. The intersection coefficient is the number of participants



15 nmenory for use in the conparisons. After step 730 has been
performed, the systemis initialized and the indirect conparison can be
made t o weoi2b/mosmehedul e. Thus, an artificial intelligeceascGaimoneishm is
then used to generate a proposed schedule in step 735. The schedule is then
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step 915, one of the pairs int time slot I's selec I st of
mut ual Iy excl usive events for one of the events in the selected pair is-
read from ne | S I J I | 4si ve
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820. In accordance with some embodiments, the intersection coefficient is read by

indexing the events in the intersection coefficient matrix.
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30 process 900 repeats fromstep 915 until all of the pairs of events for
the tinme slot are tested. Odherw se, process 900 determnes if the schedule
i ncl udes woaebirrsosvbne slot in step 935. If so, process 900/SGepLALEESEr oM
step 905. O herwise, if all of the paiors in all of the time slots have been
tested, the schedule is accepted in step 940 and process 900 ends. In
pros\ﬁss 900, trhe umerﬁ;gﬁm caéfméhtfn@nheena@dmh pered td aktﬁ&sablfdrinﬁteﬂ\Bz@mtﬁéogsd
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The stud ¥'% and test paper setting data 1056 are provi ded
to tesSt paper conflictive analyzer 1058. Test paper conflictive analyzer
1058 uses the d nt e t S
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ool us; v afie st TadtusiglySt SAELARNY PRTlsSCoyRRle? (HEedt ol dgthath B8 10
and passédStby Eﬁetttungl 2 tl‘Bwarslm Oplni step 0o rthé I?@(D} dfas\mtsexathmameosiott areet abl e
sche Ier LR lifneS 0
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this errbemlusm eve?mfdyameobfdhawmurolthet selecttadblpelrss: reagiufrem megoryus stepa
swarm i ngsh. ligence to generate the schedul e and/or schedul es. However,

other artificial intelligence algorithns may be used w thout departing from
this invention. The schedul e and/ or schedul es 1064 produced by PSO based
exam ti met abl I er
1066 that upl g‘agtggg’%g @% rlllggﬂfljrgg@ &%pﬂeﬂgéoﬁ?g%& fatbn(?jétg'\?Tti ﬁ@mb\/ﬂﬁ%l%k ?%?or

dat aBase listnidclyges ther s&@00d =yept. etlfettlecma@pacd ieyent is incleged o6the Ilstgurreutsually
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conflictive Teve two papers can seen, aper i
1144 ar e Thup thiefschedule l%)(alm:tﬁdtlhcﬁﬁ%p &2d. dbithe secgm emtelsmwsn i llst of

i nter SecHlRU%II?%QEILél% %Oént?fhettwa events may be in the same time slot and process 900

determines if the time slot includes another pair of events to test in step 930. If so,

30 process 900 repeats from step 915 until all of the pairs of events for the time slot are
tested. Otherwise, proceés 900 determines if the schedule includes another time slot in

step 935. If so, process 900 repeats from step 905. Otherwise, if all of the pairs in all of

the time slots have been tested, the schedule is accepted in step 940 and process 900

' ends. In process 900, the conflict check for each pair takes at most N comparisons
35 where N is the number of events. Thus, the number of comparisons needed to check a

schedule is in the order of N2 Thus, the number of comparisons needed to check a



WO 2012/ 050519PCT/ SG2010/ 000388 12 exam nations which is the students that
must sit for both exam nations. The Venn di agram bel ow show t he students
sitting fwo 2ePE05191142 in circle 1184 and the student s PerisG2og/obesss Paper j
1144 in circle 1188. The overlap 118611of circles 1184 and 1188 represents
the students that nust sit for both exam nations or Cpi,pj 1182. Thus, by 5
cal cul at 'sclgadulw is tbastexhedd amd sogréatycimgmovedods eamparpdits chéckangathe retidenitss
ahead of . t| he nuPber of conpari sons needed to check the scheduling of
exani nat f"o‘?%c ’ﬁ‘??éeé‘ bts is greatly reduced. The primary constraint of
exam nation schedul i ng I's that no student can sit for two exam nations I n

the sane tine cal ul at he i nt IS fficie
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coefficiée he sane nati ons reqgar n the
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o 1o e AL 808 ek OF QBB ERPIER BAE BB b RIS BT
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conpa% i ngxam plaratioof ad;ataoﬁtlnmtesbn@duba I(§UQhra§ rlnodtldesuﬁw r21t1h$hqm ini higure Zeeded

to deter h@?cbr{str%m?u%rﬁgﬁw constraint is net. 30Figure 13 illustrates a

representation I X-data structure for lists of nutual exclusive
exam nations for each exam nation. I n accordance. with this enbodi nent, a

o 2t SR g R 605 abptot i

P1 t hrough Pn or each ‘paper, paperi,
each i nt paperosanfictiveandlyzsrch®58. Giest paper mwveae@lmrﬂm&h@eadh@aweni to

for My al \'@Qé?t%'tl[)n Yt b Egrhérgf@stheglééuﬁ sthentSin k3ch examination, the intersection

coefficient for each pair of examinations, the lists of mutually exclusives examinations for
each examination. A matrix of intersection coefficients and a matrix of mutually exclusive
lists 1060 are generated by test paper conflictive analyzer 1058 and passed to Particle
Swarm Optimization (PSO) based examination timetable scheduler 1062. PSO based
25 exam timetable scheduler 1062 uses an artificial intelligence algorithm to provide an
examination timetable. In this embodiment, PSO based examination timetable scheduler
1062 uses a swarm intelligence to generate the schedule and/or schedules. However,
other artificial intelligence algorithms may be used without departing from this invention.
The schedule and/or schedules 1064 produced by PSO based exam timetable scheduler
30 1062 are then provided to timetable uploader 1066 that uploads the schedule to the
proper course and or administrator database and system 1000 completes operation in

step 1068.

Figure 11 illustrates the use of an intersection coefficient to measure the
35 conflictive level of two papers. As can be seen, Paper; 1142 and Paper; 1144 are two

different examinations and Cpip; 1182 represents the intersection coefficient of the
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' examinations 1 through N ;epresented as P, through P,. Each row 1211-1216 represents
the intersection coefficients for one exam denoted on y axis 1201. For example, row
25 1211 denotes all of the examination coefficients for exam P, where each coefficient is
represented as C,, where x and y denote the corresponding exams that make the pair.
Thus, when comparing a pair of examinations, only one look-up in the matrix is needed to

determine if the primary constraint is met.

30 Figure 13 iIIustrates a representation of a matrix data structure for lists of mutual
exclusive examinations for each examination. In accordance with this embodiment, a list
of mutually exclusive examinations is generated for each examination P, through P,. from
matrix 1200. To form the ;Iist for each paper, paper;, each intersection coefficient, C;;, is
associated with the compai'ed j to form value pair A;; as follows:

35 Aj=<P;, Cij>
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30 conflictive analyzer 1058 in accordance with the described embodiment of this invention.
Process 1400 begins in step 1404 by receiving the student registration data and test
paper setting data. In step 1406, a list of students sitting for the examination is prepared
for each paper. The lists may be represented as follows:

Ski = {Spit» Spi2,--.-» Spipins} Where P; is the examination and PiNs is the number of

35 students taking the exam. ' After the list of students is generated for each exam, a nested
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25 PbestkGoestk. = W/- pi)+ c2r2(pi - pi) Where, vi is particle
vel ocity for conponent | in particle (k)'s position vector; wis 30inertia
wei ght; Rkp20R/810ent position of paper index j in theprsulseiomossace for
particle (k). best The j is a solutios conponent, i.e., test paper index
1602 as shown in Figure 16; pr is the best |ocation of the particle in
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particl eahes39. fitness FPBest and if the current fitness is better than the
best éi tness, then Fpgest is set to the current particle position. Kis
then'Tncrenented in step 1914 and conpared to the swarm size, Npsize. If k
> Npsi ze, pro€ifmse 18(ilmxsmates erectest 01880 @p olifplid a dohbdulai Becesy 080556edifd th
repeats f{ OrqS?) eI:Py recelvmg problem definition data. The definition data includes test paper
information data, time space information and constraints. In step 1806, the lists of
mutually exclusive examinations for each examination are received. In step 1808, the
15  swarm intelligence searching parameters are read and set. The searching parameters
include swarm size, Npgi,e maximum velocity Vaax, Wi, €1 and c,. Typically, the numerical
\}alues of these parameters are set as follows. The swarm size or number of swarm
particles, Npsize, is set from 50 to 200 depending on the size and complexity of the
scheduling problem. The maximum velocity, Vi, is set to 1.0 to 1.2. Inertia weight, w;, is
20 from 0.2 to 0.5. The constants c; and c; can set to 1.2. The searching parameter Np,,x,
the max number of searching cycles can set to C where C normally is set to 20 to 50
depending on the problem size. However, those skilled in the art will recognize that exact
parameters will depénd upon the number of exams being scheduled and the total number
of students participating in the exams.
25 '
In step 1810 the s:earch is initialized and performed by the swarm intelligence-.
The initialization of the swarm intelligence includes randomly locating each searching
particle, Ny, at a position in the search space and computing the initial best known
solution among the Npsize. searching particles in the search space. The best known
30 solution is then derived by performing search cycles until the criterion is met and a
schedule or list of possible schedules are presented. Details about the performance of
the search cycles is described below with reference to Figure 19. Either a selected
schedule or the provided schedule may then by manually changed in step 1812 and a
schedule is output in step 1816. Process 1800 then ends.
35



20 In step 1918, the best position of the particle, FPBest is
conpared to the gl obal best position, Fpsest, to determne if FpBest is a
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15 particle objects, the system computes and finds the best fitness, Fgpes, and
correspondent best particle position in the swarm, denoted as p®*Y(), in step 1904. In
step 1904, the searching cycle counter N¢ is set to zero. Note that at very beginning of
each searching cycle, the particle index k is also set to zero in step 1908.

20 in Step 1910, the two random components, r, and r;, are generated for each
solution component represented by a particle, p*, where r; r,values are in range from 0 to
1. The velocity, v;, (j=1to n, n is number of papers) is updated for particle (k) as shown in

the following equation where k =1 to Npgize:

25

Pbest k Gbest k
v, =wv, +cr(p; " - p)+an(p™ - p)) o

Where, v; is particle velocity for component j in particle (k)'s position vector; w is
30 inertia weight; p"j is current position of paper index j in the solution space for particle (k).

The j is a solution component, i.e., test paper index 1602 as shown in Figure 16; pj""es‘ is

Gbest

the best location of the particle in solution space in current search cycle, p; is best

location of a particle in the swarm; and ¢, and ¢, are constants.

35 The position of particle (k) at j"" solution component is moved to a new position,

p%, shown as follows:



plurality of pairings includes all of the possible pairings of two of said
plurality of events; determning plurality of intersections of
partici panbofamsosmai d plurality of pairs wherein each ofcsaicdoplovssasity of
i ntersections is a group of participarts in each of said plurality of
events of said two events in one of said plurality of pairs; 20determ ning
a plurality of intersection coefficients wherein each of said plurality of
i ntersection 017( coe/ffl ients is a nunber of said plurality of participants
in said grou f/or said plurality of pairs; det er(® ni ng

whet her two of said pI urality of events may be scheduled in a sane one of
said plurality of tine slots by determ ning whether said one of said
plurality of 25intersection coefficients of said one of said plurality of
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study. 4. The method of claim3 wherein said predeterm ned threshold is
zero. 5. The nethod of claim1l further conprising: WO
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specified.

15 . In step 1912, the calculated current fitness, Y Fy, of the particle is compared to the
particle best fitness Fpgest @and if the current fitness is better than the best fitness, then
Freest is set to the current particle position. K is then incremented in step 1914 and
compared to the swarm size, Npsie. If k > Npsize, process 1900 proceeds to step 1918.
Otherwise, process 1900 repeats from step 1910.

20

In step 1918, the best position of the particle, Fegest is compared to the global best
position, Fpgest, t0 determlne if Fpgest is @ better solution. If Fpgeg is a better solution, Fggest

Pbest of the swarm is updated. The search

is set to Fpgest and the best known posmon p
count is then incremented in step 1920 and compared to a maximum count in step 1922.
25 If the search count is greater than or equal to the maximum count, the process 1900 ends.

Otherwise, process 1900 repeats from step 1908.

The above describe embodiments of event scheduling system. In a particular an
embodiment for examination time scheduling is described. It is envisioned that others
30 can and will design alternatives that infringe on this invention as set forth in the claims

below.



7. The nethod of claim1 further conprising: generating a plurality of
lists of nutually exclusive events wherein each of said 10 plurality of

i sts of wotweldsysiexcl usive events is related to one of peaisé2piowoassgty of
events and includes each of said plurmlity of events that has an ,

I ntersection coefficient with said one of said plurality of events that is
great er WWisdl iz@aimedds: The nethod of claim 7 further conprising:
15determining two of said plurality of events must be assigned to different
ones of said plurality of time slots fromsaid plurality of lists of
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20 each of said plurality of lists of participants includes each of said plurality of participants
participating in one of said plurality events;
15 generating a plurality of pairs of two of said plurality of events wherein said
plurality of pairings includes all of the possible pairings of two of said plurality of events;
determining plurality of intersections of participants for said plurality of pairs
wherein each of said plurality of intersections is a group of participants in each of said
plurality of events of said two events in one of said plurality of pairs;
20 determining a plurality of intersection coefficients wherein each of said plurality of
intersection of coefficients is a number of said plurality of participants in said group for
one of said plurality of pairs;
determihing Whether two of said plurality of events may be scheduled in a same
one of said plurality of time slots by determining whether said one of said plurality of
25 intersection coefficients of said one of said plurality of pairs for said two of said plurality of

events is equal to or less than a predetermined threshold.

2. The method of claim 1 wherein said each of said plurality of participants is a
student.

30
3. The method of claim 2 wherein each of said plurality of events is an examination
for a course of study.
4. The method of claim 3 wherein said predetermined threshold is zero.

35

5. The method of claim 1 further comprising:



13. The nethod of claim8 further conpri sing: generating a plurality
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schedul e weizop/wsesid artificial intelligence algorithm %Ppt4/SGheloweddsed of
claim12 wherein said artificial intetdligence algorithmuses said plurality
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of events thatstoring $mid Suhinality| efdintersention cdoeffiwiettsp liruraahriatrix oépréesenting | szics .
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205chedu|7es;

recgei vi .an, j f a.change to said select one of said
plurality’ of J@ﬁé‘&%ﬁ%‘!?ﬁ‘gﬂmﬁ‘?”ﬁ%°°§“‘”n%mgri ed schedule with said change -
i ncor por at ed igeherating @ pletadityt afdistnef miutually @éxglusivelevents ofhesein exhchesf; saichd
checkj ng h I S f ar C in._e . X ' -
o1 ar 401 ¢ b, BE e B i Edty orblaBlve Mg dlen e, he"HsuE Bty 3Pbfems 1y of
sai d i nt and édudes eachfof saidqhirality of de¢rds that dasvaetihtersestivrdcoafiitid¢nt sthssaitedul e

neet s Saioﬂe5?,9%5@%%?@%“{Sﬁn%gg‘é%?gﬂ" %r@i m 16 further conpri sing:

optim zing Sa ect to a seécond condition using data
related to

8. The method of claim 7 further comprising:
15 determining two of said plurality of events must be assigned to different ones of

said plurality of time slots from said plurality of lists of mutually exclusive events.

9. The method of claim 7 further comprising:
generating a schedule of said plurality of events in said plurality of time slots using

20 an artificial intelligence program.

10. The method of claim 9 wherein said artificial intelligence algorithm uses said

plurality of lists of rﬁutually exclusive events to determine each of said plurality of events

that may be scheduled in one of said plurality of time slots.

25

11. The method of claim 9 further comprising: _
checking a validity of each pair of said plurality of events scheduled in a same one

of said plurality of time slots in said schedule using step of determining whether said two

of said plurality of events may be placed in a same one of said plurality of time slots using

30 one of said plurality of intersection coefficients.

12. The method of claim 8 further comprising:
optimizing said schedule with respect to a second condition using data related to
said plurality of intersections of said participants for each of said pairs of said plurality of

35 events.



30said plurality of intersections of said participants for each of said
pairs of said plurality of events. 19. A product for scheduling a
pluralitywof2oemsods in a plurality of tinme slots wherei rceachowfoossss d
plurality of events includes a pluralisty of participants, each of said
plurality of 35participants participates in nore than one of said plurality
of event 93. anTha niethpd ofeiahmt8 further contprisfingsai d pl urality of events schedul ed
in a sane one of said plurality of time.slots . . . .

2015/ 080819pCaPRS PGl &schpatior st 3k venl n seid Ayl Sl 79 80K o of
conmon pttrctu'dm'gmiuscheﬂaledjspfgcxiuid:artiﬁ@ammtbﬂigem:e algerithract i ons for directing a
processing unit to: receive participant data for each of said
plurality of participants wherein 5said participant data for each

partisul d4. paihe anq;taod of retdimd €2 wheleirs tsaial§ atificial intelligende pdlgmﬂim tusesfsa@ent s

h i :
et s of PHEBTE e BUniBILbR AR SICls dptamipe, pAEY ST pRrdifrovehts ©
parti ci péwt maymel scleduledinhoref of saiddplyriality f titng stts.part i ci pant s part i ci pating

in one of said plurality events, 10generate a 'plurality of pairs of two of
said plurality of events wherein said plurality of pairings includes all of

the possilbl e ke metidd mﬁnlnimﬂzfa'rttiermompmilsingy of events, det erm ne
plurality of ct el r | |t f '
Pher n' Sach SRETREF BN LI AN 6o Glor Sis Btlodi¥ alariES .

in each of sﬁﬁsalucbhm uuf dime: ;slcojs |evmuhsobfsaldaptdlramy) oé\m:hedules] using ehpsai d-

Poct 1o S dremnersait sRELEHR BRpuPhtERbl af belteBH3R SLian one o, o
i's a nunbaid pairalgyottimpé slotd uding ofie pferaid pluraditytad mterseetlcxm apebicientsor one of said
plurality of pairs, and

15 16.  The method of claim 8 further comprising:

returning a set of said plurality of schedules that meet said requirement.

17. The method of claim 16 further comprising:
receiving a selection of one of said plurality of schedules from said set of
20 schedules; ’
receiving an input of a change to said select one of said plurality of schedules;
generating a modified schedule with said change incorporated into said selected
one of said plufality bf schedules; and
checking each pair of events that are scheduled in each one of said plurality of
25 time slots in said modified schedule using said plurality of said intersection coefficients to

determine whether said modified schedule meets said requirement.

18. The method of claim 16 further comprising:
optimizing said schedule with respect to a second condition using data related to
30 said plurality of intersections of said participants for each of said pairs of said plurality of

events.

19. A product for scheduling a plurality of events in a plurality of time slots wherein
each of said plurality of events includes a plurality of participants, each of said plurality of
35 participants participates in more than one of said plurality of events, and a requirement
that two of said plurality of events scheduled in a same one of said plurality of time slots

1



determ ne whether two of said plurality of events may be scheduled in a
20sane one of said plurality of tine slots by determ ni ng whet her said one
of sai d ploralxdsysiof intersection coefficients of said eoe/sSchomabesss
plurality of pairs for said two of saiid plurality of events is equal to or
| ess than a predeterm ned threshold; and a nedi a readabl e by said -

processi RistiNeds tthai £tpredtednnéd i thedsholat oPommé? afitpantgdusgitl pfodatei m 19
wherein said each of said plurality of participants is a student. 21.The
product SPMBSNGn 20 wherein each of said plurality of events is an

exani nation f pistractions feradirebtiref alfhoce@ingdnit the product of clai m 21 wherein
sat 4 predeter i ned, LSSkl Cod ik ot S PREMES o b Bfle Wb 1T o
storessai d pl waidl garticipzint uathefos eadh pﬁrﬂ&ﬂﬁloﬁérilblpétﬁﬁhdudes a listedfréach of said
e SRl i B i bPUERrt 1 25 fur e
conpri si ng: geﬁ@-hrebti:bluﬁenw bfdistglof garidipents thre}trf eactsof suid phurdlity of r ead
sai d one of said Iurallt ,ntersectio tsfom ai d matrlxto
per o m sai o B gpsebiPrAe Sa9EShrad Ak sPldhariy BetPepeALh
conprising: one of said plurality events, '
10 generate a plurality of pairs of two of said plurality of events wherein said
plurality of pairingé includes all of the possible pairs of two of said plurality of
events, ,
determine plurality of intersections of participants for said plurality of pairs
wherein each of said plurality of intersections is a group of participants in each of
15 said plurality of events of said two events in one of said plurality of pairs,
determine a plurality of intersection coefficients wherein each of said
plurality of intersection of coefficients is a number of said plurality of participants in
said group for one of said plurality of pairs, and
determine whether two of said plurality of events may be scheduled in a
20 same one of said plurality of time slots by determining whether said one of said
plurality of intersection coefficients of said one of said plurality of pairs for said two
of said plurality of events is equal to or less than a predetermined threshold; and -

a media readable by said processing unit that stores said instructions.

25 20. The product of claim 19 wherein said each of said plurality of participants is a
student.

21. The product of cIaifn 20 wherein each of said plurality of events is an examination
‘ for a course of study.
30

22. The product of claim 21 wherein said predetermined threshold is zero.

23. The product of claim 19 further comprising:
instructions for directing said processing unit to store said plurality of intersection

35 coefficients in a matrix representing said plurality of pairs in a memory.



i nstructions for directing said processing unit to generate a plurality of
lists of nutually exclusive events wherein each of said plurality of lists
of mut ualwy 2exalsombve events is related to one of said plursahkotopoesss event s
and includes each of said plurality of2 events that has an intersection
coefficient with said one of said plurality of events that is 1l0equal to
zero. 284. ThThepaduect ofelaiml 23ifartizdr comptikiag: conpri si ng:
instructions fo jrectin ai d_processin it to determ.ne. sai d
ol oral ity or Eouionta Siboii FaRRScEssitduato red shdcsieprivid Birdly & 1 e
sl ot s fr mtersestidn gbeffieientsyfrond sdid matrixctogierfotrh saidl sfeeafadetermiringgvent s. 27. The
product of claim25 further conprising: instructions for directing said
processing unit to generate a schedule of said plurality of events in said
pluraditgs.of Theproduot of clamn@ farthexrcomiprisingl i ntel | i gence program 20 28.
The product of clgim 27 erein said artificial intelligence.algarit uses
sad phural i ¢ peBvaiPe g Brehelsad proseting i e esticte P BUFGITR S o
sai d pl umatually extiusive rdventshahersimyedeh of baid ylemlifynofolists of nadually péxeiusivet y of
time slots. 2529 Th roduct .of .claim27 further conprising. . , :
nstr uct P Rop e EPRRgF Saif o 2L e G T SR s A % pUry 9 each
pai r of ewnts thiatihas iah\ntefseeticantaeffidnt diith esaid oneaofsait ptunaity bf enaeints thhtiisal ity
of t] | o I n_said schedul e using step of determ ning whether said two"
I3 i ey

of s ﬁy of events may be placed in a sane one of said plurality

of time slots using one of said plurality of 30intersection coefficients.

30. The ppoUUCE, oL, & &P R A AR, SOIRLhS) N0 i nstruct ons for

directing 'sai d processing unit to op said schedule with respect to a
second condi t inetuctiona dordditexting bait quiodessisgiwhitpd wetdrming twfo ofrsa@ pleaityoofs of

015/ ososeCrRerobef 18 Se e br iR a2 e e P R RIS ™

conpts si lisgs of mutually exclusive events.

27. The product of claim 25 further comprising:
instructions for directing said processing unit to generate a schedule of said
plurality of events in said plurality of time slots using an artificial intelligence program.
20
28. The product of claim 27 wherein said artificial intelligence algorithm uses said
plurality of lists of mutually exclusive events to determine each of said plurality of events

that may be scheduled in one of said plurality of time slots.

25 29 The product of claim 27 further comprising:
instructions for directing said processing unit to check a validity of each pair of
said plurality of events scheduled in a same one of said plurality of time slots in said
schedule using step of determining whether said two of said plurality of events may be
placed in a same one of said plurality of time slots using one of said plurality of

30 intersection coefficients.

30. The product of claim 26 further comprising: v
instructions for directing said processing unit to optimize said schedule with
respect to a second condition using data related to said plurality of intersections of said

35 participants for each of said pairs of said plurality of events.



i nstructions for directing said processing unit to generate a plurality of
schedul es of said events in said plurality of tinme slots including said
schedul e wei2op/wsesid artificial intelligence algorithm PcT8820i0/we03ss oduct

of claim 31 wherein said artificial i2stelligence algorithmuses said
plurality of lists of nutually exclusive events to determ ne each of said
pluralitg1of &ueptsiucheficlaimy2efarisatwehgrisidgi n one of said plurality of tine
slots. 1033. The, product aof c¢laim31 further . conprising: . i St ructions
for i recti ng elbeegeaurdncind Ak Poessha i IO e o rivraliy of SRR sai
pl ural it yf eéideventssin Saltepiutatity ofitirae Siote irchelingl saidisdhedule aking \saif attificial sl ot s
I n each of IIsai d %b%r.&l ity of schedul es using step of determ ning whether
sai d t wo'B3GENCH ISt ty of events may be placed in a sane one of said
plurasity of time slots using one of said 15plurality of intersection

coefficignpts. .34. The, product, of claim 31 further conprising: .

natruct 8ne 7B Ripduet BY 50§ wobidn Jeitaiin  RloySBERE e oogs seid
pl ural i t pluddlityseiztiudfarautubiiy exahesivesevetits cidteratineach26f fid plukaditypofosleats of
claim 31 rther c ' I ,NStructi | recting said processing

f rising: ti..ons,.faor

unit to: thalflmay%ersézﬁg?ﬁ%g'g (%'gloetc??'ld urat"tyc??\gmgfsm i d plurality of schedul es
fromsaid set of schedul es, 25receive an input of a change to said sel ect
one sgld plLurali f,S , ... generate a nodified schedule
W t hg?éai gh'chahﬁ% pr#@é?%ocrlaé'gebﬁqlﬂhﬁ% SRPEC8 ect ed one of said plurality of
schedul es, anthstructions for direating saidcpocessing unif tee cleerksa tvalidityaofeeapbhmaiubfed i n
each one_gf i ral.l fodi kn..Sal - e _usi ng
ai d pl uParigefly Bkt st b Barie Bh of BB BifaRS) binkloas I EkuEt 2.
nodi f i edsaidiphdalite ofrseltesiulesi wbingestep 10k detetminBg. whEtieermaistitnet ofodaid: pluratity36f
further &A1 'n?éf' Be placed in a same one of said plurality of time slots using one of said

15  plurality of intersection coefficients.

34, The product of claim 31 further comprising:
instructions for directing said processing unit to return a set of said plurality of

schedules that meet said requirement.

20
35. The product of claim 31 further comprising:
instructions for directing said processing unit to: _
receive a s}election of one of said plurality of schedules from said set of
schedules, | '
25 receive an input of a change to said select one of said plurality of
schedules, _
generate a modified schedule with said change incorporated into said
selected one of said plurality of schedules, and
check each pair of events that are scheduled in each one of said plurality
30 of time slots in said modified schedule using said plurality of said intersection

coefficients to determine whether said modified schedule meets said réquirement.

36.  The product of claim 35 further comprising:
instructions for directing said processing unit to optimize said schedule with
35 respect to a second condition using data related to said plurality of intersections of said
participants for each of said pairs of said plurality of events.



I nstructions for directing said processing unit to optim ze said schedule
with 35respect to a second condition using data related to said plurality
of interswotnsoad said participants for each of said pairss2efiosdsss
plurality of events. WD 2012/050519P@T/ SG2010/ 000388 24 37. A system
provi ded by a processing device for determning a tinme schedule for a
plurality of examnations in a plurality of tinme slots wherein said tine
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sai d plur rmnes i ntersection information for
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40. The Slééﬁtgp'\af gégﬁnln% gp‘é\fgﬁ{ ?%ﬂ%o@%e%l}@igldpﬁ% ecﬁgrp rlférﬁ'fa dXﬁ t@?ée‘slt)égrer

nodul e 28 rent nma
I nt et% ectondiicts with Saidipeimtanf consgrainh

38. The system of claim 37 further comprising:
a timetable loader module for providing said scheduler to an examination solution
database.
20
39. The system of claim 37 wherein said test paper conflictive analyzer module

generates an intersection coefficient for each pair of said plurality of examinations.

40. The system of claim 39 wherein said test paper conflictive analyzer mbdule
25 generates an intersection coefficient matrix including said intersection coefficient for each

pair of said plurality of examinations.

41. The system of claim 40 wherein said test paper conflictive analyzer module
generates a plurality of lists of mutually exclusive examinations wherein each one of said
30  plurality of list of mutually exclusive examinations is associated with one of said plurality

of examinations.

42. The system of claim 41 wherein examination time table scheduler module uses
said plurality of list of mutually exclusive examinations to test for conflicts.
35



pair of said plurality of exam nations. 41. The system of claim40 wherein
said test paper conflictive analyzer nodul e generates a plurality of lists
of mut ualwy 2exalsuEbve exani nati ons wherein each one of parsciOplovessity of
list of mutually exclusive exam nati @3s is associated with one of said
plurality of exam nations. 42. The system of claim41l wherein exam nation
time tabhs sciihRelsystemrardidira 3gseitersini ekaplingtiohitine table schiedater motiulelsgs a

excl usive exan}%atl ons conf | i

[ 1 WO
s S erem en S5t 5ee asiel PhelfedRe BH8MEL S ol ai m 38 wher ei n

exanm nation tine table scheduler nodul e uses a swarmintelligence as said

artifiC| | i gence, gl.qogit .44 The syst of cI m38 I n
exani nat i %n ti Scygf?f’b“s@ﬂgh@? &Femﬁ’faé"'a? 0(5\/\%" grphesg? df"@q%&w&
schedsl eaaser toanbdifycsaid seHeldulet andi testsfer confiots fni said emldtfédlsehetmmgsueglsdud

i ntersection inf orfmat on. 45. The system of claim 38 wherein said
exani nat |"kﬁ{s‘?‘it'ﬁﬁ Qa0 hedul er nodul e optini zes said schedule for a
secondary constraint.

45. The system of clalm 38 wherein said examination time table scheduler module

optimizes said schedule for a secondary constraint.



