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Abstract In this paper we describe course registration modules devel-

) ) ) ) ] oped for USOS — a student management information system
The University Study-Oriented System (USOS) is an integratgl} poish higher education institutions. The native module,

student management information system for handling studg§osweb, had already been used by a few universities for a
affairs at Polish universities. Its development and deploymetypie of years. Generally, it supports registration for special-
is coordinated and supported financially by the consortium 96ion courses offered by faculties to their students. The new
Polish higher education institutions. It is a huge databasgyqyle developed last summer is based on fundamentally dif-

oriented software application done partly in Oracle technology;ent rules and supports registration for courses offered to all
and partly using open source products (Internet modules). gy, dents of the university, like foreign language courses.

Course registration is one of the most important functions pf (he next section we shortly describe the architecture and
the system. The problem with the registration is that varioUs,in features of USOS and USOSweb. Section 3 is devoted
f_aculties an_d higher edu_cation institutions use various _regis_tfg-the main aspects of course registration and its implemen-
tion strategies. The native module for web-based registratiofyion in USOS. In the following section requirements for the
USOSweb, was not able to fullfil needs of them all, so the neyy,y registration module are outlined. More technical imple-

one was developed, based on fundamentally different regisf@sntation aspects of the new module are described in section
tion rules. 5. The issues concerning deployment of the module in Warsaw

The purpose of this paper is to describe both registration mdépiversity are considered in section 6 and some conclusions
ules for course registration developed for USOS. The new m@d€ drawn in the last section.

ule was deployed at all faculties of Warsaw University in the

summer of 2003 and used during the academic year 2003204 USOS and USOSweb

for registration for courses and exams which are offered to all o ) ) )
students of the university. The University Study-Oriented System ([5, 8, 10]) is an inte-

) ) ~grated student management information system for handling

Keywords: web-based course registration; tokens as virtuglydent affairs at higher education institutions. Its development

money; University Study-Oriented System (USOS); consoing deployment is coordinated and supported financially by the
tium of Polish higher education institutions consortium of Polish universities [9]. It is currently being used
at a few of those schools and is being deployed at the others.

1 Introduction The system supports all student-oriented activities such as han-

In modern higher education institutions flexibility of study prodling students’” and teachers’ personal data, study programs,
grams means in particular that students may freely chooséeguirements of degree certificates, course catalog, course reg-
substantial part of their curricula. The software support is thigdration, class schedules, dormitories, tuition and financial aid.
highly needgd to help to make good choices ar!d _enable tp PAEOS has the following architecture:

the information on what has been selected. This information is

later used for student assessment and checking whether a SY- the main database is implemented in Oracle technology:
dent met the requirements of a particular study program. it is accessed only by the administration staff via Ora-

The important aspect of this process is the huge amount of data cle forms and reports. Oracle technology ensures effec-
which needs to be gathered in the system. Doing by hand all tive handling of huge amounts of data accessed simulta-
the necessary registration activities would be a nightmare for neously from distributed client sites;
everysltudert _admmstrz;non ohfflce. Tkh(_a onlyl ec%nommdally a(g2. there are also a few Internet databases with massive num-
ﬁebrg/t?heemss%w;n IS to share the work, Ie. to let the students do- o ot clients qccessingl them via web browsers; this
' part of software is made in open-source technology. In-
Student management information systems should therefore ternet databases are partial copies of the main Oracle
contain web-based modules for remote online registration. database. In particular highly confidential personal data
However designing such modules is not an easy task since var- are not stored on the web, data are available mostly for
ious faculties and higher education institutions use various reg- reading, and modifiable data comprise only a small sub-
istration strategies. set. All data transfers are encrypted. The Internet part of
USOS is called USOSweb [6].



This architecture with a set of separate databases is more step has a significant impact on a student’s weekly sched-
complex from the technological point of view than solutions ule and has to be carried out taking his/her preferences
with one data repository since independently updated databases into account.

have to be synchronized by special mechanisms. However, on

the other hand such a solution substantially lowers overall co$tse native registration module of USOS supports the follow-
since users of Internet modules do not need expensive Qfgy registration strategy (it is explained on the example of the

cle licences, the distributed architecture ensures gOOd perfpﬁcu”:y of Mathematics’ Computer Science and Mechanics):
mance even at rush hours and Internet databases do not endan-

ger highly confidential data. 1

Since data may also be entered through the web interfaces to
the Internet repositories (when students register for course

or academic teachers input grades to electronic examination’
forms) some tools for database synchronization are necessarg.

The course catalog for the next academic year is prepared
and posted on the web.

The course schedule is announced.

The registration module of USOSweb is switched on. Stu-
dents can register for courses, however registration is not

In the prototype version of USOS a very simple way of trans-
yet a guarantee of acceptance.

ferring data by files was implemented. Then a more flexible
and generic tool was developed, which connects remotely t@.
both databases and automatically synchronizes tables contents.
In both methods in case of conflicts (inconsistent changes per-
formed simultaneously at both sites), the final decision is made
by the human operator (like in CVS). 5.

When the registration module is switched off, the authori-
ties get the lists of students asking for acceptance for par-
ticular courses and make decisions.

If the lower limit on the number of course participants is
not reached, the course is cancelled.

3 Course registration in USOS and USOSweb 6.

If there is no limit on the number of students who can be
accepted or the limit is not exceeded, all the students are

Course registration is one of the most important functions of allowed to take the course.

USOS and USOSweb since it is the basis for other vital activi-
ties of the system. 7.

Four important aspects of the registration should be considered:

Otherwise students are accepted according to some pre-
defined criteria. Usually these criteria are difficult to al-
gorithmize so it is more reasonable to make and input the

decisions by hand.
1. Inmodern higher education institutions flexibility of study

programs means in particular that students may freelyB-
choose a substantial part of their curricula. The soft-
ware support is thus highly needed to help to make good
choices and enable to pass the information on what has
been selected.

The results of the course registration are announced.

The group registration module is switched on. These stu-
dents who were accepted for the course can now state their
preferences concerning various groups of that course.
Those preferences can be expressed in a couple of ways,
e.g. a student may create some variants of his/her weekly
schedule and/or list classes which should be chosen with
high/low priority and/or list days and time periods which
should be chosen with high/low priority (e.g. low prior-
ity given to Friday evenings, high priority given to classes
starting after 11 am).

. In our medium-size faculty every year about 1500 students
register for about 300 courses. In Warsaw University in
26 didactic organizational units study more than 55 thou-
sand students, the largest faculties have more than 6000
students. These numbers give some impression about the
scale of the process. Doing all the necessary registration
activities by hand would be a nightmare for every studenfq
administration office. The only acceptable solution is to
share the work, ie. distribute it among students.

After a couple of days the module is switched off and the
group registration engine assigns students to classes tak-
ing into account their preferences and trying to avoid time

. Registration can not be skipped since it is the basis for conflicts.

other more sophisticated activities like student assessmeynt,
and checking whether a student met the requirements of a
particular study program. All the information on which 12.
students take which courses HAS to be entered to the sys-
tem anyway.

The results of the group registration are announced.

There is still another module which may be (optionally)
used. This is calledtock-exchangealthough what is re-
ally being exchanged are places in particular classes. A
student can submit a place in a particular clamsssale

. Course registration is just the first step in the registration
procedure. At the next stage students choose particular
student groups (classes, labs, lectoria, project teams etc.)
which gather at various times and days of the week. This

and ask for a place in a different class. After a couple
of days the stock-exchange engine is switched on and it
automatically matches buyers with sellers (even in cycles
longer than 2) exchanging students among groups.



13. This is usually not the end of the registration procedur. Requirements for the new registration module

Some courses were cancelled, some students were not ac- ) ] )
cepted for the courses they had chosen, other studep@ene courses in Warsaw University are offered to all students

might have had unresolved time conflicts and had to rgf the university. Until last year students could find information
sign. It also happens that after 1-3 lectures a student Gbout the offer only in the printed guides available in the uni-
cides to drop the course, however has to choose anothegsity libraries. Quite often this information was outdated al-

one to earn enough credit points. Another stage of couf§&dy at the time it was printed. They had to obtain courses’ ti-
registration may be open giving students the possibility flgs, codes, and schedules from such guide, than during the an-
change their initial choices. nounced period go personally to one central registration point,

wait in long queues and register. If any changes were necessary

_ . . they could only be done in the same way.
Let us summarize the most important features of this proce- o ]
dure: Two years ago a small Access-based application was imple-

mented to support the registration for foreign language courses.
Registrations were stored in the database but only authorized
1. The d.ecision whether a particu!ar studgnt is accepted Bb"erators were allowed to log in and input the data. The
a particular course is made off-line. This may be cumbegatabase was local so no information about students’ progress
some but in the past all attempts to automate this procggganguage courses was available electronically to the facul-

failed. It means that a student has to wait until the end gés_ Queues in the registration point were still long during rush
the course registration to get the results. hours.

2. The registration is two-stage: first a student is acceptBégistration for physical education classes was done only on
for a course, then for a particular student group of thgaper, without any computer-based support.

course. During the second stage the student is guaranula,ﬁg complains about this registration system could be heard

that he/she will be accepted to one of the groups, but om all parties: students, teachers, and administration officers.
necessarily to the favored one. It may even happen thafdtJ%ers complained about:

student has to drop the course because the group schedule '
is unacceptable. 1. long queues in registration points,

3. A student does not pay for registration, at least not di-» proplems with getting up-to-date information on courses
rectly. Day-time students pay only for failed courses, and course schedules,
evening-time students pay a predefined tuition. In par-
ticular the system does not limit the number of courses &. problems with moving from one group to another after
student can take. It is assumed that a student knows what initial registration,
he/she is doing, knows his/her time limits. If the registra- _ _
tion is accepted, the student will be assessed for his/hef- Over-registration,
achievement in that course. Failed courses mean automaé— delaved d
ically lower grade average. - delayed due payments.

Such registration procedure works reasonably well at the fz;rche lastissue needs some explanation.

ulty level, where students take courses which are in line wiach student of Warsaw University (with some exceptions) is
their specialization. It is relatively easy for the faculty authoentitled to 240 hours of foreign language courses free of charge.
ities to make decisions whom to accept and whom to rejegliso two first foreign language examinations are free. At some
Students know where to complain in case they feel they are fatulties a student is not required to attend foreign language
treated fair. It is also easier to control the conformance to theurses. He/she is however expected to pass an exam at some
regulations. level of fluency (for example B1 in English accordingMtmd-

. : . ern Languages: Learning, Teaching, Assessment. A Common
However, the curriculum of a typical study program involve .
European Framework of Referencand get necessary credit

also some courses which are not offered locally by the facu Yints to meet the requirements of his/her studv proaram
to its students, but are delivered by some designated faculfl)es q y prog '

to all students of the university. These are for example foreigfna student wants (or needs) to take more language courses,
language courses which are offered by the Center for Forelgg/'she has to pay. The cost is determined for each academic
Language Teaching, physical education classes which areyafar.
fered by the Physical Education and Sports Center or genc—isal . : : .
: ; . . uring thoroughful requirements analysis and many discus-
introductory lectures on philosophy which are provided by the . ) . . 7
Philosophy Faculty sions with the rector’s plempotenuary for the organlzanon qf

' foreign language teaching and the head of Physical Education
The model of registration for such courses is substantially didnd Sports Center the following requirements for the new reg-

ferent and needs separate software support. istration module were recognized:



1. Students should register directly for course groups on a allowed to change course fees while the registration is

7.

. Students should pay for the registration wittkens

first-come-first-served basis. This means that if only the running. The administrator should have special tools for

group limit is not yet reached and a student is entitled checking data consistency and for recovery from typical

for registration, he/she gets registered and this registration errors. In particular the system should log all critical op-

gets approved straight away (meaning that nobody can ex- erations for easier bug tracking.

pell the student from the group).

The new registration module has been produced in-house by

which are units of virtual money. Each student gets sorﬁl&ad.emic teachers anq Ph.D. students O.f the Faculty of Math-
ematics, Computer Science and Mechanics of Warsaw Univer-

amount of tokens of various kinds, for example 246 sity. Some of the team members were earlier involved in the
ign | k 18@hysical traini k Zor- ’
eign languageokens, 18@hysical trainingtokens, Zor ge5|gn and development of USOS.

eign language exartokens. Extra tokens can be bough
with real money, the price of one token of each kind is

determined for every academic year. Each course shofld Technical aspects of the new registration module
also have its price given in tokens, usually this price ¢

responds to the number of hours. %Fhe primary concern of the system designers was its perfor-

mance. The system was expected to handle approximately 37

. When a student registers, the system should charge firausand students during a period of 1-2 weeks. It was also

the appropriate amount of tokens of the proper kind. #ssumed that each student may want to visit the system many
more tokens are needed than the student possesses, héifsies: to get information, to register, possibly also to change
should be given the possibility to cancel or to approve tlige registration, to check the confirmation of money transfers.

operation before the due payment Is charggd. The SEfom the architectural point of view the web part of the sys-
dent should transfer money using his/her unique accoynf comprises a separate database servese(pgratave mean
number. He/she shoulo! be able to print the properly ﬁ_”etﬁat it is neither USOS main database nor local USOSweb
money transfer_form with a bar cade. Aiter tranSferrIngatabases) and the independent web server. This solution not
money to the given account nL_meer,- he/she should Wgﬁly helps to handle performance problems but also has a pos-
a day or two unt|.I the tr'ansfer is confirmed by the banl|<tive influence on system security. The web part was imple-
then shou'ld log in again to check that the payment hﬁ?ented using open source tools: MySQL [1] as the database
been received (see [3]). engine and PHP [2] as the programming language.

- It should be possible to carry out registration in roundgecause of the limited capabilities of PHP, which does not

Each round should last for a given period of time. The Sysypnort caching and has no built-in templates we decided to
tem should automatically switch on and off at each rounﬁnplement the presentation layer using Smarty Template En-

. Tokens should serve one more purpose. It should be p8§e [4]. Smarty facilitates a manageable way to separate ap-

sible to use them to set a limit for the maximum numbd¥ication logic and content from its presentation, making the
of groups a student can choose in one registration roufyStem easily adaptable to the needs of different universities.
This limit could be used to prevent over-registration. S unique feature is the caching of the parts of dynamically
there was no limit, some students might register to mam;oduced pages. Itis reasonable to cache partial results of page
groups, just to postpone the final decision to the Vegvaneration when pages change occasionally. This was the case

last moment and unregister right before the registratid¥ith the registration module, which contains a course catalog
is switched-off. built before the registration was switched on and rarely updated

afterwards. Caching also has a positive impact on the system
The new registration module should be integrated Wiﬁbrformance.

USOS, since the necessary data should be obtained from o
the USOS data repository and further group processiﬁﬁr data synchronization between MySQL and Oracle we use

and student assessment should proceed in USOS. In &g.[l command-line driven applicatioisynchroniseconnects
ticular course grades should be stored in USOS and magdoth databases, reads the data stored at both sites, and then
automatically available to all faculties where student@erforms proper actions to synchronize the tables. What is ex-

achievements are checked against program requiremeff€Mely important is that it can synchronize databases while
both systems are working! For performance reasons some ta-

The system should support on-line web-based interfad¢gss in the MySQL database have different structure then tables
for various group of users: students, teachers, coulgseping the same data in the Oracle database. For example
providers, system administrators. data originally stored as a record in a separate table (like teach-

The system will be accessed by various users with diff&rs name, family name and title) is mapped into a single field

ent level of computer literacy. It should be fault—toleran?torecj in another table in MySQL.

and resistant to incorrect data. It should allow for tentor security reasonSynchronisecan only access Oracle data
porary blocking of critical functions while on-line reg-using a special set of views. Synchronization of most of the
istration is switched on, for example nobody should ba#ata is quite simple (ie. tables have the same structure and can



be updated only in one of the databases). However information tions (if available), obtained from the student admission
about student registrations can be modified at both sites (using system database or entered manually. Some data was re-
either web interface or Oracle forms). In such caSgschro- covered from the old database of the Center for Foreign
niserdecided which database has more revelant data and which Language Teaching, in particular it helped to calculate the
of them should be updated. The program generates a log file initial number of tokens granted to every student;

with detailed information about performed actions. . C
2. generating accounts for all these students and distributing

It may happen thaynchronizewill not be able to synchronize the passwords. This was probably the most complex part
data due to encountered critical inconsistencies, like exceeded of the whole process since the majority of students was on
group registration limits or the same tokens used twice. Such vacation and there was just a couple of days between the
inconsistencies should not occur during the proper system us- end of vacation and the beginning of the academic year for
age (the Oracle interface is blocked for actions which might  delivering the new passwords. Some faculties distributed
change registration data while the web registration is switched passwords to students by e-mail, others used USOSweb,
on), but ocassionally can happen. The system contains a spe- the other printed passwords on paper and distributed them
cial consistency checker which can be used by the administra- manually;

tor to check the stored data and get the report about possible . .
inconsistencies in a readable form. 3. building from scratch the on-line catalog of all foreign lan-

) _ ) ) ) guage courses, physical education classes, and language

MySQL server. Log analysis revealed that it had been widely  more than 23 thousand places;

used.
installing about 150 USOS clients spread between all War-

saw University faculties and train USOS users. Special
trainings were offered to faculty administration officers,
course providers, course lecturers, accountants handling
The software was constructed in such a way that it is eas”y financial affairs, authorities responsible for the whole pro-
maintainable. Most of the system logic is hidden in procedures cess (faculties’ deputy deans for student affairs, rector
stored in the Oracle database. Oracle database views hide many plenipotentiary responsible for the organization of foreign
technical details from the web part. It makes this web part less language teaching, the head of Physical Education and
sensitive to changes in the database structure. This solution is Sports Center).

also more secure since Oracle procedures are not amenable to

malicious attacks from the net. In the whole project we usdivo Intel-based servers running Red Hat Linux were set up for
simple and widely known web technologies, which should alghe system: one (2 x Intel Xeon, 2GB RAM, matrix controller,

4.
All the information about courses stored in the database can be
retrieved in the LaTeX format and used to print a paper version
of the course catalog.

in the future lower the cost of system maintenance. 3 SCSI 36GB disks with RAID 5) as the database server and
the other (2 x Intel Xeon, 512MB RAM, SCSiI controller, 36GB
6 Deployment in Warsaw University disk) as the web server.

The project started in April 2003, the first registratior:rhe system ([7]) was made available to the community in the

was planned for September—October 2003 (foreign langu innipg of Septemper_and the first round of the registration
courses and physical education classes), the next one ¥gS Switched on at midnight on October 2/3, 2003. The work-

November—December 2003 (foreign language exams), so m was heavy, especially_during the first days of the_ registra-
activities had to be carried out in parallel. The deploymeHPn (See figures 1 and 2; diagrams were prepared using Report

team consisted of the IT specialists from the Software Apph/_lagic [3] — a freeware tool for generating statistical reports

cations Office and was strongly supported by the authorities§M 109 files created by web applications). During the first
the Faculty of Mathematics, Computer Science and Mechd}ur (00:00-01:00 am, October 3rd) the web server handled
ics and the software development team. The deployment was20 requests. The daily average was about 400000 pages,
complex enterprise from the organizational point of view. UF°Me of them requiring heavy calculations. Between Septem-

til then USOS was in use (usually in a limited range) on a COBgr 29 and October 5 the system was referenced 1.7 million

ple of faculties of Warsaw University. The new application ifimes by 20 thousand different sites. There were however no

volved all faculties and the majority of students. The followinf€"formance problems, even during rush hours.
activities had to be conducted in a short time: The problems encountered were mostly of the organizational
origin. Some faculties didn't manage to distribute passwords
1. entering into the system all students of Warsaw Univawn time. In rare cases the distributed passwords were incorrect
sity entitled to foreign language courses and physical edgecause of human errors. Many students had problems with the
ucation (about 37 thousand). Faculties using USOS éirst logging in, since they confused small letters with capital,
ready had all the necessary data in the repository. Otlzero with capital letter O, one with small letter L. Passwords
data was either transferred from local database applicaven to students by faculties allowed to log in only once, then



Haurly Repart.

pared for the next academic year). It has already been delivered
to other universities gathered in the consortium.

A The design and development of the registration software was
/\N \-\ not a complex task, although designers had to solve some so-
/ phisticated problems. The deployment was much more chal-

A lenging, not only becasue of the scale of the whole enterprise

but also because it needed changes in old procedures and en-
forcement of the new ones.

The important aspect of the whole process is that the new sys-
tem helps to effectively manage finances of the course registra-
tion. Authorities get detailed financial reports, can better plan
Figure 1: Number of page requests (hourly report)  the budget and control the expences.

56, 0ot 5, 2003 20500 - 1.

17,06t 2, 2003 16200 - ..
4L 00t 3, 2003 16200 - ..
€9, 0ot 5, 2003 16300 - 1.

o
o

€. 0t 4
o
o

The system was financed by the consortium and deployed by

Dai 1y Repart.

o local university task forces with almost no extra costs. Hard-

| / ware was relatively cheap. The overall costs were insignificant
) / as compared with the university budget.
// The side effect of this enterprise was that it helped to popularize
Fro USOS among students, teachers and administration officers of
: Warsaw University.

ooooo /
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the new password had to be defined. Students somehow missed
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