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FOR A DATABASE

MANAGEMENT TASK

INTRODUCTION

I'here have been plans on our faculty to create a system that can help students

in learning for the “Databases 1. course and teachers checking their tests

£ven though some plans have been made. unfortunately none of the projects have
reached the phase of actual development.

While there have been some important milestones reached by our faculty with
the Bir6 / Mester systems which have been helping numerous students learning
and practicing programming for many, 1t should be noted that the success of those

Systems come from being used by students on the faculty and high-school students
preparing for the school leaving

¢Xxamination and also for various
and international competitions (Horv

national
ath, Horvath, & Zsako, 201 7).

50, we deemed it necessary to help both
and also make it usable on the faculty.
But while universal programmi

ramming languages usually have standardized input
and output, where such systems  usually comm
management

unicate in some way, database
systems do not come with <

°ms atures. Therefore, a new and abstract
way of communicating with the database |
o be established

timeframe.

the secondary school system of Hungary

hanagement systems was necessary
S0 that creation of lasks would be possible in a reasonable
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oxamination was established mn 2005 in Hungary.
-chool €27 " c ich the (2% they undertake an examination that

NOVE | " o

L DATABASE MAN AGER | ﬂlE-Tig.-'ﬂ“":lf‘_;m spudents : | d‘.' Gtudents can choose between intermediate

AGNOSTI C METHOD E | I : . T11e+advanced }cvel exams have rcp\af:ed

AUTOMATICALLY C OR | o et o G her et e only i s th
| 5 Y anct  minatit o nat 1 all of the subjects, only in those that

HECKING [ st “'"‘]nﬂ?d level Lx??{;‘;ﬂa?;ission process.

¢ C (1 , = , i . ‘ _ |
THE CORRECTNESS | ke an [Jtﬂ (he high€ e <chool leaving f:xarm'nallon ceﬂlﬁcat_e 1f they have
0" evall ly acqt : least five subjects. Four of these subjects

he exams in 8t

OF A SUBMISSION -.m:;% sﬂ‘df”!t ;zssf-‘d ( (Hﬁnﬂﬁfi apn language and literature, mathematics, history
aw =

one is chosen by the examinee. The exams in most

,-,L" e >
FOR A DATABASE | j: chuif_:n |angut gvl .n and an oral section.
o

4 committee. The chairman is appointed

A \q  d? T onsiS i ated by
M AGEMENT TASK \ :ub}‘?“wqg;r arc a\:ﬂ}b o t;lf.md the other committee members are assigned

the ~- E.‘ﬂl:h S'l_lbjcc

| o exa™. ) Authonty . _*
e Educuuofnthe <chool on the mtennedmti lgve\. On Edvanced level exams
INTRODUCTION ) . director © : the Educational Authonty in such a way that committee
| (he 8% . -:iﬂﬂedby 1€ .
| Thcrf:‘ Have. been plans onlour faculty.to create a system|that caniheITo B:L < amitiee iblﬂ:lﬁ]“ecwachers of the examinees.
in learmning for the “Databases I.” course and teachers checking the; | < | qembel aro b hiects where the requirements are set centrally, the question papers
Even though some plans have been made, unfortunately none of the pm‘ecrt tlLStS' | pthe caSt Ledis U'Uidelines used in the written examinations are prepared
reached the phase of actual development. )R IEYC | thel! Sforll%]:cbmmmee nembers are invited by the Educational Authority
hi : . O - - ) . | _ \OTitY.
While there have been some important milestones reached by our faculty with b\ g cOm Mo le reparcd queshion papers and one of them 1s selected randomly
1o AIC [T'llll“p P 3 : A m : Th .
There : ;od by the Educational Au ority. The Department produces

the Biré / Mester systems which have been helping numerous students leaming :|

and practicing programming for many, it should be noted that the success of those | forthe gven cxar, pe?o ers and forwards them to the locations of the exams
systems come from being used by students on the faculty and high-school students | e required number O FEtg .valuated in accordance with th \ 1d ‘Y |
preparing for the school leaving examination and also for various national | Thewntien examinations ars = | e ST
and international competitions (Horvath, Horvath, & Zsako, 2017). | wa qunliﬁcd teacher. The teacher 1S assIgne y the director of school
Y ntermediate level. and the teacher is chosen by the Government Office

ool <imilar to the selection of the commuttce for the oral part.
ious years can be accessed on the website of the

So, we deemed it necessary to help both the secondary school system of Hungary | onthe !

and also make it usable on the faculty. |
But while universal programming languages usually have standardized input
and output, where such systems usually communicate in some way, database

Fxam Papers from prev
ducational Authonty.

management systems do not come with such features. Therefore, a new and abstract | ~ - IS

way of communicati f | ; ~ - i * : ' |

e )bc cslﬂbnsh:jws m”g] :w”.] lll?e dal;tbas;a i llg; nlljcnl sys_tl;.]ms' was, BeEsRayY s called Matura examination in multiple countnes (including Hungary), but we wall
ed so that creation of tasks would be possible in a reasonable - pference it as school leaving examination for the readers to have a better understanding.

We will use the phrase *“student” for students |earning in secondary schools (high-schools)

timeframe.
which might not be usual for some readers.
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REQUIREMIENT I S \
o ﬁrff:iﬁli (gl“ THE INFORMATION TECHNOLQ Y S
Rl l}rnf.ulum has been published in 1995 congia UBJECT
ganan student nceded to leam. -
technologv T.ljl.i Curncuhup came (o effect in
lnfon‘ﬁ}at?h < Se€parale subject has been introduce
lea cxar{:;n:;f:iuml?g}’ has both a written and an ora] Section |
EEﬂH]fEﬂ[fQﬂ e 2(;82 ggclc]'w[l::[elntr{::quI:;'liTn of the (wWo-leve] SChog] ]
the oral part is 15 minutes lon s (ihe pynitienina gy 180 i g
| , 32 g. On the advanced leve] e e O minye
(o sgh-e thc: Wrilten part, while the oral part is 20 nnn]uct:.zl;;?:pllb have 240 Minul:E,
Its I'DI;?CS“;-IHCP part 1s executed on machines without % h
. Maximg

that Cvery
Iecl1nﬂlo@f_

din every schoo] i, the o alio
C

an  mtemet

1l scores and recommended time periods are describeg i i?]nne lion
- N Lhe (ah)
Tabl ic i |
e 1. Bas:c_ Information about information technology subject’
examination ; 16€t8 schog) leayip,
| M
L Information technology subject — intermediate level wrilten exam e
Topic Recommended time Maximal ——
o frame melmﬂl
Ord processmye T
Processmg 60 minutes 4Up : e
Creatio 5 ‘ CS ' —
n of presentations. graphics. websites | 40 minutes 30 Do
. 0in
Spreadsheet management 50 minutes 30 - ]
Database- - ‘ —
base-management 30 munutes 20 points |
S
Information technology subject — advanced level written exam a
" -T_ '
Topie Recommended time Maximal
frame
— _ ' : . ! score
ord processing, creation of presentations. graphics, - |
websites 60 minutes 30 points
bpreadshc:it management 30 minutes |5 pomts
|
Database-management 60 minutes 30 points
Algorithms, programming 90 minutes L‘"‘S points

I'he biggest difference between the topics of the intermediate leve] and the
advanced level is that tasks about algorithms and programming are only present
on the advanced level (While for example database management are in both levels,).
T'he tasks on the advanced level are generally harder since they require a broader
knowledge in all of the topics.

On the advanced level examinations, the list of available software is described

by the Educational Authority to provide uniform conditions for each examince.
Sometimes pupils have the option to choose the software they want to use to solye
the tasks. For example, in the autumn of 2023, they have the option to use Microsoft
Access 2019 or LibreOffice Base 7.3 (with MySQL 8.0 database engine) software
to solve the database-management task on Windows 10. While if they choose o use

129

/ 4 6 Base with MySQL 8.0 for the database-

- 6.
1reOfce
ce L10)

a topic T

{GITAL CULTURE SUBJECT AND ITS

ndomly from at least 20 different topics

et cir examination conducted by a commitiee.

prCP
¢ THE D

< been introduced in 2020 1n Hungary starting with |
7 s naterial of the information technology subject |

cu
GUIL e T CA | : _
inth C]ﬂbbLS'Thc weekly number of lessons has been increased. \
n d - |
e

|1 HI_J_\ .|'|C“ -ﬂ['l ﬂ-ﬂd g C‘lr th_'_'_ - hﬂﬂgcd 1O "‘Dlglla] C’Lﬂtlll'eﬂ. The TEQ\IiTEI]]EﬂlS

ination hav

rf ﬂ

o lonty needed if they score at least 12°% but do not
pl &° 5 an oral €X&
1 yied on machines without an mtemet connection.

g €XEC -commended time periods are described in the table 2.

Z
4] SCOTES and T
at digital culture subject’s school lcaving examination
ject — intermediate level written exam

¢l su e
Jhle ). past pigital culture Recommended time Maximal
/ —e Sc—ﬁm

45 minules 25 points

creation | 35 minutes 20 points

50w
[ enl =

30 mimes
0 | : ks

/Eﬁff‘;’-ufﬂmm‘“g Sk RIS

h/:/r— Digital culture subject — a_dv::mced level writien exam
Recommended time Maxamal

i frame score

IC : ey

_ 5 ] . .
mﬂocm tion of presentatmns., website

, 101, Cred : .
mage manipulatic 70 minutes 35 pomts
| cmﬁllﬂﬂ)

.| OR :
| V | i ) t
' dcheet managemer | : - *
= 70minutes | 3Spomts |
- | patabase-manageme .

100 minutes S0 points I

\|gorithms, programming

T _
! he examinee can choose if they want to solve the task of creating the described docur
orif they want to solve the task about spreadsheet.

e also been changed. g
ame ,Jihn-:r exam <o/, on the written parts, they are not needed to take '_4-

I~
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SEM it e o O M SRS AreS ed
arig T Microsofy ~cOmme
A8, DB with PHP SOft Access on Nended for Schog]
. : S 1o

N0 the the ;
In advane M A 1€ Inte :
lerney ACCecc need leye; YAdmin on the adv, Mcediate |ey el Proviq
for demg, =SS, and yse oral exam, the advanced Jeye) Butit is g, Stther
S . a ' cXami - il
Task- dlranc,nm PU‘T?'mcC-DumCr with I_n::mmce Mmay use anda'“"fy
- descn SCS :
pmct‘ssiﬂg mcﬂbe 1 [opic | There are two p:.:-_\ﬂel 9ccess durip Dn-_}p“u?r :
Or databge » ETaphics; ima 2y ﬂddl‘essing C s of the ory) ng u.]e“' CX thoy,
e E‘;mﬂ.naqem{‘m “ﬁc‘ InaanUIzlti(Jn Ccl‘lclm deSCribcd dn:llnﬂt.inn, I El‘ll[)n
. SOlvy ¥ 1ich | Ireatio Chiten :
a codi Ing and IS selecte n of 1a fr
=5 o i © pres ;
a con? 8, editing ﬂfprehem’“g one or mg oy el r:] Vord
o
Puter withoy, o code or imemretm:-c Programmin Adshe

I el bu1 Once

cngine and Microsoft
autumn for PostgreSQL

GOALS

Our main
= goal was tO .
be available _ research the methodology of ‘

le for high-school students and students iﬁyour fzcﬁify?;n: ll_latlwould
dal would he]p

them with learni
rming the basics of -
the aforementioned list 4 structured query language chosen by, them from
TI'he platform wi . I
will have some writt ‘
L el ten material ' -
practice the sk ols l 1als and tasks tha
e skills in database-management. This paper focuse It help students
: g 1 tasks could be done automatically Sonowinciprading
¢ targeted user g i
LRl liamighe;; group have varying levels of prior knowledge (some might have
- about database-management, some might be scl.f-talight qom¢

“{pac” | on st A

IC | _ g
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s could be correct

- diomanc’. Since

d the couniry \carning

' ;ative feedback
demotivaung
form oOr ¢cven quit \earming
;s (Fong, Patall,
. feedback 15 less demotivating
derstands the critena

FivINg correct nstructions cannot
- of idiomauc code 1S not required
nd undﬂrstandable definiuon.

j - .
utQ e i{docs no ably imchSSlble. |
- form always needs to have a relatively

- inﬂuenccd by the quality of code wﬁtte::n
; e feedback £ a student submits

the |jmitations described by Rice's theorem
solt. DEC L ete SO their cOTTECINESS cannot be decided

- +he Chm-ch-—Turing thesis is correct, there will never

if th blish the constraint that the submitted code
L0 E.S,Ea cannot evaluate 1t ‘n a reasonable time imat.
mm}:{u:;;eamh is needed 1O determine if it 1s possible
' 1™ -t with great accuracy:

i 1 0 Fiihatiagye scrpt
41 poted e of @ SQL . ble to check are from data query l\anguage

ihml | d he 1111m -3
: ‘ ant to D€ | | - S
I e ;‘;5 ot W WA oe (INSERT, UPDATE, DELETE), data definition
0 quefj;tﬂ manipulatgg HA%LTER., TRUNCATE)*. This 1S in accordance with
l"ﬁE”ECTl};fLEA E.] D5:111£)] |caving examination both 1n the subject of information
g s of thE 27 ) culture
id{?rfq“’rcm;m;n e subject f digital €
: i
.4\1[1U|0g".y
it
NS
E\IIOLS SO,LUiL% ways of checking the cOITeciness of a computer program.
W pere A6 mm“l.y _bhox testing where it 18 checked how the software reacts
T Lf thcﬂl s blﬂCk- Y0
0

one
/mwo:h:;;ms of this paper — had used extensive amounts subquernes

1, plintHOT

Sch[][}l lf:ﬂ\”nb
4 Query Lan

ce 1 have mostly self-taught myself in this topic.

'« a declarative language widely considered
of 5 sublanguages. data query language (DQL) which has the SELECT
manipulation language (DML) which can change rows of tables, data
age (DDL) which can change the schema (structure of tables), transaction
(TCL) which can control database transactions, data control language
makes identity and access management function on database-management

ing examinmion S1N
ouage (SQL)




€ Nnot Turinge.- & Lee) that relay;

0 be Supported AT L«_complclc. but most of the languages ot IqUCW
By Creating 3 Tt nf-‘rlam features that allows them to pe 1§ur V€ Needey
= av P P _ !

(COITCC'I / INCorrec or ol SQ]— It 1S possible t C

T'o reach the goals

- : . mentioned above, w

' ave decided that black b

| - ‘ 'd the -box

SO quality of code should not interfere with the resylys Bl D
_ €0 successfully used in multiple syst S

Practice, have exams ile th

by multip]

It 1s still used on multiple ev
Cs, iIn Hungarian national comp
‘ , CodeChef, SPOJ.
- various research discussing black-b
< g men Systems. We w_lll mostly discuss the solutions described by

alla, & Kirily, 2022) and (Kadek. Koésa, Oros ' |
work with MySQL an

cnts, like on the

etitions and Many

cont).
data bﬂSE

OUR METHOD

| Our platform uses a web interface where students can submit their solutions.
IS ¢

_ . If there
nough processing power available, the evaluation of the submission begins. If enough
resources are not readily available.

then it is put into a queue. It is common practice
for such systems, like the software available at https://cms-dev.github.io/.
It is common practice while eva

luating universal programming languages to create
some kind of sandbox where the program being executed has limited access to software

resources. It i1s normally done using some capabilities of the Linux kernel,

the specifications of such an implementation is discussed by the documentation
of software available at https://github.com/ioi/isolate.

During practice the system could give the user their output and the correct output

which — with small test cases — could be used as an easily understandable way of showing
what is the problem with the query.

The solutions discussed in (Kiraly, Balla, & Kiraly, 2022) and (Kadek, Késa, Orosz.

& Toth, 2017) used a shared database process during the black-box testing,

In (Kadek, Késa, Orosz, & To6th, 2017) they used users with the permission only

to SELECT when testing SELECT queries and used transactions to check other types

of queries. In (Kirdly, Balla, & Kiraly, 2022) they used temporary tables during testing.
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be quite tnivial given that a. has been implemented, /'s implementation depeng
heavily on the database-management software’s capabilities® but generally Speakins
1t 1s not difficult. .

We will discuss below how DQL, DML, DDL quenes can be checked:

When a query written in data query language (SELECT) needs to be Checkeq
steps of A. 1s used to create a testcase, then d. 1s used to check the COrTectnegs
of the query.

When a query written in data manipulation language (INSERT, UPDATE
DELETE) needs to be checked, steps of b. are used to create a testcase, then e, js useci

(o run the submitted DML query, then steps of ¢. 1s used to check the Correctnesg
of the query. It should be noted that DML queries are not expected to make changeg
0 the database schema, so newer testcases can be prepared using only steps of b
We also added a step of / in the end. |
When a query of data definition language (CREATE, DROP, ALTER.
TRUNCATE) needs to be checked, steps of 4. is used to create a testcase, the e. is used
o run the submitted DDL query, then steps of ¢. i1s used to check the cormrectnese
of the query, then a step of /. restores the structure of the database so newer testcases cap
be prepared using only steps of 4.
For DQL queries, we reference it as “Queries”, and refer to DML and DDy
queries as “Action queries” in some of the screenshots.
Essentially, we have created an abstraction layer for database management
systems while still being able to check queries that are required on the school leaving

examination in Hungary.

SCREENSHOTS AND VIDEO
The Task Management System (https:/tms-elte.gitlab.10/) 1s a learning
management system that is used on our faculty to do black-box testing of code
submitted by our students. Our solution has been partially integrated (MySQL can
be checked) with a local installation of TMS which is shown in (Horcsin, 2023),

This software Is In progress.

and load a table from there (our task preparator software creates it automatically).
With Oracle Database we used the INSERT ALL statement.

6 Since restoring the original state of the database is not a Stf:curity-cﬁtica] aspect
of the system because the database-management software’s process 1s sandboxgd, we have
quite a few options. For MariaDB, MySQL. Oracle SQL the scherqa is dropped,
and created again with the preparation script provided with cach task. For Microsoft Access

a new copy of the original database file is created.
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Table of results
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