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Abstract— A usual undergraduate course on Databases covers the database area. According to it, any database can be
several subjects, such as modeling, query languages, andviewed through different perspectives and their mappings:
database management techniques. Given the extension and. TheExternal Level includes a number of end-user views or
complexity of the subjects, students frequently find the gchemas, representing the database as perceived by each end
textbooks_arld, and failing is not uncommon. This paper briefly ser.
presents important concepts of database concurrency control The Conceptual Levelis the community view, describing

and introduces a card game designed to simulate database h f the datab for the whol f
concurrent access control. The participation in the game helps the structure of the database for the whole group of users.

students to sharpen their skills on concurrency control, and - The Internal -Level is the physical view, describing “the
allows the professor to build connections with other courses, complete details of data storage and access paths for the

such as operating systems and object-oriented programming. database” [2].

Index Terms— Concurrency control, database management,  Most database-related opportunities in the area in which
transaction processing, educational games. this experiment was conducted (Santa Catarina State, Brazil)
deal with the building of the external and conceptual levels,
and the mapping between them. Modelers analyze data

Databases is a very important course for Comput equirements from end users and map them into the database
Engineering and Computer Science majors. A usu psign. A database design document is an expression of the

undergraduate introductory course covers several subjeﬁ?@ceptual level. Programmers and analysts design, code and

such as database modeling, query languages, and datalygblement computer solutions for user views, mapping user-

management techniques such as failure recovery af wtd:;ta strugtu_re.stfrotm thSBCchept.ltj.al schem?.
concurrent access control. atabase administrator ( ) positions are less common

Given the extension and complexity of the subject&han_ m?(delelr,dprogrt;amrtntir, antd anlalys(; posmor;s.l IThely
students frequently find the textbooks somewhat difficult ar(éeqwre (nowledge about the external and conceptual levels,
arid. Failing is not uncommon. In addition, as observed ﬁpd proficiency in database management techniques (related

this study, some students don't recognize the importancetgfthe internal level) in order to make good technological

|. INTRODUCTION

the learning of database management techniques, claim isions using a database management system (DBMS)Z
owever, DBMSs translate conceptual schemas into

that most professional opportunities are not related to thi]s:l . : :
subject. physical schemas automatically. The only professional who

These students don’'t understand what Computer Scienc & _uaIIy builds internal Ieyel routines fcger!era_l-purpose
This can be explained with the help of the ANSI/SPAR -[4] database systems is a computer scientist who works

three-level architecture, illustrated in fig. 1 or one of the companies that make DBMSs. These positions
' T are scarce, available mostly in the United States.

External B B .. [ end-user _Ne\_/ertheless,_ database _ managemen_t tec_hniques are
Level wigwys indispensable in the education of Computing majors.

This article presents a brief introduction to the learning of
Conceptusl GOty database concurrency control, a critical database management
Level view technique. A card game intended for the learning of

concurrency control is introduced. Results from the

Irterral physical application of this game are reported. In the conclusion,
Level s consequences of the introduction of this game in classroom

are discussed, and opportunities for improvement and
extensions are pondered.

The ANSI/SPARC architecture, published in the 1970s [1],
allowed for a division of work that caused a great progress in

Fig.1. The ANSI/SPARC 3-level architecture
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- Interleaved concurrencyin single-processor computers, in- They access the same database item,

opposition to simultaneous concurrency in multi-processefThey belong to different transactions, and

computers, and - At least one of them is a write-item operation.

- Short transactions usual in business applications in

relational databases, but not always the case in engineeringig. 2 shows three alternative schedules for the

and other applications. simultaneous transactions T1, T2, and T3. Only reads and
writes are represented (as r(item) and w(item), respectively).

Database textbooks such as [2]-[4] present the concept oA possible interpretation for the meaning of these
transaction — a logical unit of database processing — and itsansactions is: T1 is a money transfer between two bank
properties, known as ACID: atomicity, consistencyaccounts whose balances are stored in database items X and
preservation, isolation, and durability. A transaction i¥. T2 is a money withdrawal from the account whose
composed of operations, being the read and write operatidrsance is Y. T3 is a global balance check (say, X has the
the most important with regard to concurrency control, sindmlance of a checking account, and Y has the balance of a
they access database items. savings account of the same bank costumer).

For instance, any money withdrawal in an automatic tellerThe graphs in fig. 2 represent the transactions (nodes) and
machine corresponds to a transaction with a read-itgmairs of conflicting operations (edges). There are six pairs of
operation (to access the account balance), and a write-iteonflicting operations: three between T1 and T2, one between
operation (to update the balance). Naturally, there are several and T3, and two between T1 and T3. Each edge
other non-database operations such as counting monmpresents one or more pairs of conflicting operations,
magnetic card reading, calculations, and screen display. oriented from the transaction in which the operation is

The concurrent access control problem arises when mamcessed in first place to the transaction in which the
than one user accesses the same database (a very comopemnation is processed after that.
and desirable situation). Database management software has
to deal with the fact that the result of one transaction may  Schedule A Schedule B Schedule C
affect other transactions. A failing transaction must not JijT2] T3 Ti] T2] 13 Ti] T2) 13
affect the database because of atomicity. Its operations must r(v) r(X) rx)

be undone, and this may cause the failure of other & w(Y) () & W ()

awn

transactions, leading to cascade failure. wX) w(X) W(Y)

An appropriate and detailedchedule of transactions’ r(y) w(Y) r(Y)
operations must be produced. A schedule is appropriate if | |w(Y) rv) Ww(Y)
data integrity is maintained in the database, according to the r(v) rx) r(v)

rX) ] |[w(Y) r(x)

consistency property. A simple approach would be to
process one transaction at a time, from begin to end, therefore T ¥ L
avoiding errors resulting from the order in which reads and @ @?\“ é_\“
writes from different transactions are processed. @ @ @
This serial schedule however, wastes valuable time. For u v Al v ‘Q‘@fv
instance, 50 simultaneous bank transactions would have to @
wait in line for processor time. In this case there would be no
real database concurrency problem. A failing transaction XFfig. 2. Schedules for transactions T1, T2, and T3, with precedence graphs
say, a withdrawal, could be aborted and re-submitted later
without causing any problem to the other 49 transactions. ~ Schedule A is serial (F2T1->T3), therefore the order in
If the 50 transactions access different database items, thdrich the operations are processed cannot introduce
there is no database concurrency. Instead of waiting in liiegonsistency in the database. However, performance is
they could share disk and processor resources. If, howevadyersely affected since read and write operations are costly
any transaction checks balance or withdraws money from thgd processor time is wasted waiting for the operations to be
same account accessed by transaction X, then that failit@gminated.
withdrawal might cause inconsistency. Schedule B favors performance. Processor time can be
An approach to avoid inconsistency and, at the same tinused to process database access operations while disk devices
allow for the interleaving of operations of differentare still processing previous reads and writes. For instance,
transactions, is to guarantee that the scheduerializable r(Y) in T2 may be scheduled soon after r(X) is scheduled in
[5]. The characteristic of serializable schedules is that thdyl, even before it is finished on disk - a very time-consuming
cause results in the database that are equivalent to resapsration. However, schedule B is not conflict-equivalent to
from a serial schedule. any serial schedule, therefore the results in the database may
A popular kind of serializability is conflict-serializability. be inconsistent.
A schedule is conflict-serializable if it is conflict-equivalent Schedule C is not serial, but the order in which conflicting
to a serial schedule, i. e., if all pairsaoinflicting operations ~ operations are processed is the same as in schedule A. They
in both schedules have the same precedence order. A paiauksf conflict-equivalent; schedule C is (conflict-) serializable.
conflicting operations is made of read- or write-item It can be demonstrated that serializable schedules produce
operations with three characteristics: correct results in the database [5]. In summary, schedule C



produces correct results as if it was serial, and has teehedule one read- or write-item operation and any number of

advantage of intercalating operations from differentther operations.

transactions, thus increasing concurrency and allowing for &rhis time-sharing policy is not far from reality, since read-

better performance. and write-item operation are costly because they usually
Once students recognize serializability as an interestingquire access to disk devices, while other operations (not

property of schedules, another important property igpresented in fig. 4) are relatively cheap in terms of

introducedrecoverability [6]. It is related to the question of processor time.

how to preserve consistency in case of failure. Every access to database items requires locking. Read-only
Every transaction ends with a COMMIT operation, unlessatccess requires read locking (Rlock(item) in fig. 4); write-

fails (and there are several reasons for failure). A scheduleoidy or read-and-write access requires write locking

recoverable if every transaction is committed only after afWlock(item) in fig. 4).

other transactions that wrote items read by the transaction

about to commit are committed. T1 T2 T3
If a transaction fails, it ends with a ROLLBACK operation, 1) Wiock(X)
implying that all operations must be undone to preserve 2l X
atomicity. This may cause other transactions to fail, too. i W'?&k)(Y)
However, if those transactions are committed, they cannot be 5[ wiX)
undone. That's the durability property of transactions. 6 w(Y)
Fig. 3 presents a serializable but non-recoverable schedule. 7 Unlock(Y)
The results in the database are correct if both transactions are 8 COMMIT
successful. The problem is: if T1 fails (ends in ROLLBACK 1?) R":E:\‘;)(Y)
instead of COMMIT), then w(X) must be undone. (T1 and T3 are in deadlock)
If w(X) in T1 is undone, then r(X) in T2 has read an 11 ROLLBACK
incorrect value of X. T2 must be aborted, too. However, if 12| Wiock(Y)
T1 fails after T2 is committed, T2 cannot be rolled back (T2 13| r(Y)
is durable). The error is not recoverable. The only way to 14} Unlock(X)
prevent this is to postpone the COMMIT of T2 (to after the 12 Un\?:)(;z(v)
COMMIT of T1). 17 COMMIT
18 T4
. 11 T2 19 Rlock(Y)
3 w(X) 20| r(Y)
@ r(X) 21] Rlock(X)
COMMIT 22 r(X)
l w(Y) 23 Unlock(Y)
ROLLBACK 24 Unlock(X)
25 COMMIT

Fig. 3. A non-recoverable schedule
Fig. 4. A schedule, showing locks _and unlocks, according to the basic two-
At this point, in classroom, students are dealing with phase locking protocol
several complex concepts without being able to respond to a
important question: “How does a DBMS controls concurrenlt
f)” M H HH
access?” ~ They learned ~about serializability anH Ids a lock on Y and waits for T1 to unlock X. The time-
recoverability, but how does the DBMS schedule concurrenﬁ : ! : .
i X . sharing routine may keep allocating time to T1 and T3, but
transactions following these principles? ev can't continue
There are various approaches to concurrency control. H?er{]e solution &) break the deadlock is to abort
:gcs)ztrvact?(;zmgp lé léi?gbair: i?eansqe?tormglélcggs"s I'S" a;[hiin (\S)BOLLBACK) one of the transactions. There are a number
X ) . y criteria [2] to make that choice. In fig. 4 the aborted
transaction, while other transactions must wait for the

unlocking if they are to access the same itemminrtiple- transaction is T3.
g1 ya . ’ Iple- A ROLLBACK operation includes the unlocking of any
mode locking an improvement of the binary locking just.

. ; items the transaction may hold locks. Another transaction
described, several transactions may share access to the sgme

item if thev are all reads. but write operations requir in fig. 4) is submitted later to do the work T3 couldn’t do.
. y ' P q can be observed in fig. 4 that the effect on the database is
exclusive locking.

tpe same produced by schedule C in fig. 2.

B th f lock not rant rializabili :
ecause the use of locks does not guarantee serializab Yhere are alternative approaches to the concurrency control

a two phase Iocklng protocol [7] is us_ually adopteq. Ittechnlque just described. Students should learn about these,
consists of the restriction that all locks in a transaction hé : :

. X . 00. However, the complexity, extension, and number of
obtained before the first unlocking.

. . . ftechnological alternatives are often a hindrance for students.
Fig. 4 illustrates a schedule for the same transactions of fig . .
Database textbooks present the techniques in a somewhat

2. It can be simulated in class using the following time; - d in th . q ibed h
sharing policy: each transaction has the opportunity escriptive way. Students in the experiment described here
' equently ask for more examples to make sure they

A deadlock problem occurs after line 10 in fig. 4, because
1 holds a lock on X and waits for T3 to unlock Y, and T3



understand the principles. They want to learn abodisposing them adequately and producing a schedule

“practical” aspects of databases, but some don’t recognize Sw@newhat similar to the one presented in figure 4. Fig. 5

subject as very “practical”. The division of work explaineghows the visual aspect of the scheduling.

in Section | might give a hint about why this misperception When there are no more active transactions to schedule, the

occurs. professor helps the students in a checking of accuracy, ending

A reader of Date’s “Introduction to database systems” [4he game.

one of the best-selling textbooks on Databases, says [8]:
“If you wish to quickly jump into database
design (...) then this book is not for you. If,
however, you want a thorough grounding in
the principles and practice of database theory
considered from an academic standpoint, then
this book is highly recommended.”

In order to help students to get a better grasp o
concurrency control theory and practice, a card game
designed. The next section describes that.

Ill. LEARNING CONCURRENCY CONTROL WITH A CARD GAME

Fig. 5 shows B-semester students playing with cards and iils
building a schedule for a given set of simultaneous
transactions. They use their knowledge about transactior
and concurrency control protocols to simulate the work of ¢
transaction processing system.

The sequence of activities is simulated through a contrc
card orkanbanthat is passed from student to student (this isg
“k”, being passed by student number 1 in fig. 5). The carc}
exchange is similar to a procedure call. Each student has ¥
decide what to do in his turn, based on the concepts Hg8 R e | W
learned and the concurrency control protocol being used. e L w

The game may be played by two or three students to more Fig. 5. Students at play
than ten, depending on how many tests and procedures are
assigned to each player. It is possible to assign the same task IV. RESULTS
to two or more students, growing the number of players
involved to include all students in class. The introduction of the concurrency control game has

Fig. 6 presents a flow representation for the scheduling ifipacted learning positively. Students’ average analytical
transactions according to the conservative two-phase lockiggills improved with the game, according to the professor’s
protocol. This protocol is deadlock-free. A transaction mughservation of tests and questions in classroom. It has been
obtain all locks it needs before it can execute any read gssible to reach a deeper understanding in the time
write. In the experiment of fig. 5, the students were assignggailable. The analysis and implementation of a program that
the roles of time-sharing (1), operation service (2), lockingimulates concurrency control, a task associated to the game,
execution (3), lock table maintenance (4), locking control (Syepresents a significant increase in the size and complexity of
UnlOCking execution (6), and COMMIT and recoverab”itwhe prob]ems that the students are used to face.
control (7). The game has been used to simulate various concurrency

The professor or mediator (“P” in figure 6) begins the gamgntrol protocols and their variations. Locking has been
by offering a set of transactions. They are sequences of regighulated in its two forms: binary and multiple. Locking
and write-item cards such as read(X), write(Z), etc., precedggbtocols used include the basic two-phase and variations:
by a start-transaction N. Depending on the protocol beiRgnservative and strict (the most popular according to [2]).
used, ROLLBACK and other cards can also take part in thgye timestamp ordering protocol has been simulated, too.
game. Simulations have been done with various types of schedules:

The kanbanis given to whoever performs time-sharingrecoverable, avoiding cascade rollback, and strict.

(student number 1 in fig. 5). The scheduling uses a “one readhe specialist in Psychology in Education who assists the
or write a time” policy, i. e., only one read or write can b@rofessor (see the acknowledgments) reported that some
scheduled in each turn of thanban Time-sharing begins students think that the game is “boring after a while”. The

by allocating processor time to transaction number 1. professor regards this as a good sign — there is no fun in

Using their knowledge of concurrency control, studenigoing computer's work. Incidentally, the schedule of

decide when to lock or unlock an item, when to COMMIT gansactions shown in figs. 2 and 4 using the conservative
transaction, and when to schedule a read or write operati@fjo-phase locking detailed in fig. 6 results not only
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Fig. 6. A flow representation of the concurrency control game using

-]

conservative two-phase locking

serializable, but serial (F2T2->T3). The checking of this
is left as a suggested exercise.

V. CONCLUSION

This paper briefly discussed fundamental concepts of
database concurrency control and introduced a card gamed
for the simulation and learning of its concepts. The game’s
introduction promoted a faster and better learning of
concurrency control techniques.

While playing with concurrency control, the professor has
the opportunity to build links with other curricular courses:

- Programming languages, since there is a strong demand for
good programming techniques;

- Data structures, especially when it comes to the design of
data structures in the analysis and implementation assignment
associated to the game.

- File organization, because the actual implementation of
concurrency control routines uses file organization routines,
and because the students need to understand that reads anc
writes are complex operations that can fail at any point of
their execution, with consequences to concurrency control
and failure recovery;

- Operating systems, since there is a lot in common between
database and operating system concurrency. Besides, each
read or write is a complex operation that demands calls to the
operating system; and

- Software engineering, since the problem’s complexity does
not allow for an informal implementation approach.
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