MDE515: Database Management Systems
University of Athens
Deprt. of Informatics & Telecommunications

Programming Project |1
January 24th, 2012

Purpose of the Project:

The goal of this project is that you developCancurrent Index (Cl) mechanism (and pertinent auxiliary
structures) to help retrieve and manipulate data items faoralational table. Th&l can be anydisk-
resident structure of your own choicelSAM, B+tree, Extensible Hashing, andLinear Hashing. The key
requirement is thatl enables fast retrieval of data items (records) in a file of deglation);Cl has to also
support simplified database operations on a data file ofdecor

Outline:
User access and manipulation to thieand ultimately of the data file will have take place througnsac-
tions that support the following set of operations:

10.

11.

b_xaction: a transaction commences.

insert a-data-record: a record is inserted in the data file. The record featuteg ¢of your own choice
such as numeric, alphanumeric, etc.) that uniquely idestifie record among those already in the
file. The insert operation might create the expansion ofdh@ndex-file) in order to accommodate
for a new key value. The nature of the record is a matter of gawr choice as well and remains fixed
in terms of length and content at all times.

delete key: the record with identifiekey in both data-file as well as index-file have to be removed. You
have to adhere to the properties and requirements of yoectsel indexing structures (for example,
if you useB+Tree then the utilization of nodes has to remain higher than 508 &mes).

lookup key: retrieve and display the entire record that is uniquelyitfied by the key in question.

update-a-data-record-with key: retrieve the record (as above), update some of its non-keayent(s),
and finally, store the result (flush to the disk).

range keyl key2: retrieve all records having key value betwdegnl andkey2. This might not be a
feasible operation in some of ti@ structures.

wait x: the transaction waits doing nothing foiseconds. This allows for imposing “artificial delays”
(may be very handy in testing things out).

. abort: the transaction unilaterally decides to abort. No longteffect should take place on both the

data file and th€l index.

commit: all (potential) changes become permanent and are refleatétok disk. Next instruction to
be executed is alwaysxaction.

e_xaction: terminate transaction.

bulk-load file-of-records: insert all records that appears in file provided as argurmetie command.



12. bulk-delete file-of-keys: delete all records whose key appears in the file given asvaegtin the
command.

Data records and index-values can be “simultaneously” ssetkby multipleconcurrent application pro-
grams (that can be realized as threads or processes) sialfgy dients. Such clients are essentially pro-
grams or entry points to the your system that help launatsactions.

We can assume thatansactions “know” which specific data objects they intend to read/wate at a time;
there is however no global a-priori knowledge of all the degaords, indexed values) to be accessed and/or
manipulated while a transaction is in progress.

Transactional processing will have to be “handed over” ® ¢bre of your system (also calleigine)

for execution. In this respect, you will have to develop arerface positioned between the user(s) who
initiate transactions and th&ncurrency Control Manager (CCM). CCM has to provide orderly access and
manipulation of required structures and data elements.nfdrager should coordinate concurrent accesses
of disk-resident data records and keys (in the indexdile As mentioned above, each data record has a
format of your own choice and features a unique identifiectisas a customer id number) that may be
integer, alphanumeric, etc.

A transaction is not and cannot be aware ahead of time ofabBplecific operations that is about to execute
(i.e., reads/writes from/to the disk) during its lifetim®perations within a transaction will be carried out
one at atime and at the end writes to permanent storage astwafjercommit (i.e., rigorous commit). The
execution of transactions always follows th€lD-ic model.

The CCM should feature the following:

e Serializable access to records should be based on anywveifdioe two-phase (2) locking protocol
that allows for maximum concurrency [BHG97]. Also, you shibattempt to provide for a flexible
yet correct mechanism to increase concurrent access \hithimdex.

e The CCM should be able to detect deadlocks and successfully redaesuired by aborting one or
more of the threads that are involved. A heuristic of yourichshould be used to recover from a
deadlock.

e Your CCM should preferably function atop a simplified buffer areaffafmes) that can “host” up to
a maximum (finite) number of pages. Pages (or frames) do héixedsize at all times and this is
provided at program initiation time. A page should be ablattéeast host one (or more) records.
Also, the number of buffers available should be passed tgdheer as a parameter at the time of its
invocation. While pages are in memory, they stay there fdomag as it is necessary in order for the
respective transaction to complete its work.

¢ Ideally, yourCCM should be capable of producing recoverable schedules fadands and/or unilat-
eral transactiomborts.

Overall, your engine should be realized as a multi-threadeder that accepts requests from multiple simul-
taneously running clients. Each client furnishes one #etien at a time. Thus, clients essentially generate
the “traffic” of readsandwritesfor data records and key values to data file @hdespectively and interface
with CCM to have their operations carried outACID-ic fashion.

Overall Organization:
The multi-threaded server either retrieves or writes data objects back to the disk dralbbef clients. We
assume that all data records have legitimate content (veda&ing together a single file. How matters are
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organized within a file, it is entirely your own choice.

Clients create sequences of operations that insert, Ioalpgate and delete records, from the disk-resident
file(s). Once data are in memory, they remain in place so beatvork of involved transaction(s) is com-
pleted. Insertions/deletions (updates) to data remainffiebframes and are all flashed out to disk at commit
time. Evidently, transactions that do not eventuate duesallibck or unilateral elect to abort have no effect
on the disk-resident structures and data.

The server should comply with the requirements of (a versigr2-¢ locking protocol figorous 2-¢ is a
plausible choice). Our main goal is to provide maximum dieahle access to all records going always
through theCl. To this end, you should think of ways to demonstrate in a getmgnsive manner thremrrect
operation of your engine and clients as soon as testing afwyotk begins.

Figure 1 depicts the functionality as well as the likely piosi of the various components your engine has
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Figure 1: A likely organization of various functional elentg

to implement. TheConcurrency Control Manager (CCM) contains all the essential features that implement
the concurrency control policies, the component that hedpsver from deadlocks, multiple threads for the
realization of the work that the clients ask the server to nloheir behalf, and finally the basic interaction
to the simplified buffer manager. The latter features a @smistumber of frames and may work with a
scheduling policy of your own choice.

Constraints:

1. You can pickone partner to work with and implement the project. No partieshoée or more are
allowed.

2. You can use any language you want and you any computingoaméent you are more comfortable
with for development.

3. If you consider developing+Tree structures follow the routines we talked about in class [Rgbr
those discussed in [Jan95]. Alternatively, you can cartyaowalgorithm that you will have to describe
in your own write-up.

4. You may use th&threaddibrary [LB98] to implement the engine and its synchroniaatprimitives.

5. The functionality and design of the clients and of therima structures are entirely up to you. The
same goes for the organization and maintenance of the daf@fiich actually should be as simple
as possible).

6. The maintenance a¥ait-for graphs and any other meta-data you elect to use should befpentir
engine design.



7. ltis ratherimportant that you can automate the function (ie, operation) of ctiesat that you can test
your engine in the presence of tens (or even hundreds) oficamt transactions.

What you need to submit:

e All your work in a tar-ball.

¢ A design document where you present your ideas/decisiongt alour program(s). This should be
only a few pages long.

¢ A methodology (i.e., a disciplined way) that helps dematstthe correctness of concurrent transac-
tions.

e Sample runs that show the concurrent execution of your prog).

e Demonstration of deadlock cases and recovery from sucétisits.

Deadline and Demonstration:

1. The deadline of the project is March 15th or earlier.
2. You will have to demonstrate your work.
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