
CHAP T E R
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Advan
ed Appli
ation

Development

Pra
ti
e Exer
ises

25.1 Find out all performan
e information your favorite database system provides.

Look for at least the following: what queries are 
urrently exe
uting or exe-


uted re
ently, what resour
es ea
h of them 
onsumed (CPU and I/O), what

fra
tion of page requests resulted in bu�er misses (for ea
h query, if available),

and what lo
ks have a high degree of 
ontention. Also get information about

CPU, I/O and network utilization, in
luding the number of open network 
on-

ne
tions using your operating system utilities.

Answer:

�

Postgresql: The EXPLAIN 
ommand lets us see what query plan the sys-

tem 
reates for any query. The numbers that are 
urrently quoted by

EXPLAIN are:

a. Estimated startup 
ost

b. Estimated total 
ost


. Estimated number of rows output by this plan node

d. Estimated average width of rows

�

SQL: There is a Mi
rosoft tool 
alled SQLPro�ler. The data are logged,

and then the performan
e 
an be monitored. The following performan
e


ounters 
an be logged.

a. Memory

b. Physi
al disk


. Pro
ess

d. Pro
essor

e. SQLServer:A

ess Methods
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f. SQLServer:Bu�er Manager

g. SQLServer:Ca
he Manager

h. SQLServer:Databases

i. SQLServer:General Statisti
s

j. SQLServer:Lat
hes

k. SQLServer:Lo
ks

l. SQLServer:Memory Manager

m. SQLServer:SQL Statisti
s

n. SQLServer:SQL Settable

25.2 Many appli
ations need to generate sequen
e numbers for ea
h transa
tion.

a. If a sequen
e 
ounter is lo
ked in two-phase manner, it 
an be
ome a


on
urren
y bottlene
k. Explain why this may be the 
ase.

b. Many database systems support built-in sequen
e 
ounters that are not

lo
ked in two-phase manner; when a transa
tion requests a sequen
e

number, the 
ounter is lo
ked, in
remented and unlo
ked.

i. Explain how su
h 
ounters 
an improve 
on
urren
y.

ii. Explain why there may be gaps in the sequen
e numbers belonging

to the �nal set of 
ommitted transa
tions.

Answer:

If two-phase lo
king is used on the 
ounter, the 
ounter must remain lo
ked in

ex
lusive mode until the transa
tion is done a
quiring lo
ks. During that time,

the 
ounter is unavailable and no 
on
urrent transa
tions 
an be started re-

gardless of whether they would have data 
on�i
ts with the transa
tion holding

the 
ounter.

If lo
king is done outside the s
ope of a two-phase lo
king proto
ol, the


ounter is lo
ked only for the brief time it takes to in
rement the 
ounter. Sin
e

there is no other operation besides in
rement performed on the 
ounter, this


reates no problem ex
ept when a transa
tion aborts. During an abort, the


ounter 
annot be restored to its old value but instead should remain as it

stands. This means that some 
ounter values are unused sin
e those values

were assigned to aborted transa
tions. To see why we 
annot restore the old


ounter value, assume transa
tion T

a

has 
ounter value 100 and then T

b

is

given the next value, 101. If T

a

aborted and the 
ounter were restored to 100,

the value 100 would be given to some other transa
tion T




and then 101 would

be given to a se
ond transa
tion T

d

. Now we have two non-aborted transa
-

tions with the same 
ounter value.

25.3 Suppose you are given a relation r(a, b, 
).
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a. Give an example of a situation under whi
h the performan
e of equal-

ity sele
tion queries on attribute a 
an be greatly a�e
ted by how r is


lustered.

b. Suppose you also had range sele
tion queries on attribute b. Can you


luster r in su
h a way that the equality sele
tion queries on r:a and the

range sele
tion queries on r:b 
an both be answered e	
iently? Explain

your answer.


. If 
lustering as above is not possible, suggest how both types of queries


an be exe
uted e	
iently by 
hoosing appropriate indi
es.

Answer:

a. If r is not 
lustered on a, tuples of r with a parti
ular a-value 
ould be

s
attered throughout the area in whi
h r is stored. This would make it

ne
essary to s
an all of r. Clustering on a 
ombined with an index would

allow tuples of r with a parti
ular a-value to be retrieved dire
tly.

b. This is possible only if there is a spe
ial relationship between a and b

su
h as �if tuple t

1

has an a-value less than the a-value of tuple t

2

, then

t

1

must have a b-value less than that of t

2

�. Aside from spe
ial 
ases,

su
h a 
lustering is not possible sin
e the sort order of the tuples on a

is di�erent from the sort order on b.


. The physi
al order of the tuples 
annot always be suited to both queries.

If r is 
lustered on a and we have a B

+

-tree index on b, the �rst query


an be exe
uted very e	
iently. For the se
ond, we 
an use the usual

B

+

-tree range-query algorithm to obtain pointers to all the tuples in the

result relation, then sort those those pointers so that any parti
ular disk

blo
k is a

essed only on
e.

25.4 When a large number of re
ords are inserted into a relation in a short period

of time, it is often re
ommended that all indi
es be dropped, and re
reated

after the inserts have been 
ompleted.

a. What is the motivation for this re
ommendation?

b. Dropping and re
reation of indi
es 
an be avoided by bulk-updating of

the indi
es. Suggest how this 
ould be done e	
iently for B

+

-tree indi
es.


. If the indi
es were write-optimized indi
es su
h as LSM trees, would this

advi
e be meaningful?

Answer:

a. Index update 
an be expensive, with potentially 1 I/O per re
ord inserted,

whi
h 
ould take 10 mse
 with magneti
 disks. It is often 
heaper to per-
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form a bottom up build to re
reate the index if there are a large enough

number of inserts.

b. If the inserts are provided as a bat
h to the database system, for example

via bulk-load utilities, the database 
an sort the re
ords in index order,

and then perform a merge with the leaf level of the B

+

-tree. This would

greatly redu
e the I/O overhead.


. With an LSM tree, there wouldn't be any signi�
ant performan
e penalty

sin
e the LSM tree is already designed to redu
e the number of I/O op-

erations required for insertion. The underlying te
hniques are similar to

the solution for part (b), sin
e they are based on merging of leaf-level

entries of di�erent B

+

-trees.

25.5 Suppose that a database appli
ation does not appear to have a single bottle-

ne
k; that is, CPU and disk utilization are both high, and all database queues

are roughly balan
ed. Does that mean the appli
ation 
annot be tuned further?

Explain your answer.

Answer:

It may still be tunable at a higher level. For example, by 
reating an index or

a materialized view, whi
h may redu
e both CPU and disk utilization signi�-


antly. Further, 
a
hing may be done above the database layer, to redu
e the

load on the database.

25.6 Suppose a system runs three types of transa
tions. Transa
tions of type A run

at the rate of 50 per se
ond, transa
tions of type B run at 100 per se
ond, and

transa
tions of type C run at 200 per se
ond. Suppose the mix of transa
tions

has 25 per
ent of type A, 25 per
ent of type B, and 50 per
ent of type C.

a. What is the average transa
tion throughput of the system, assuming

there is no interferen
e between the transa
tions?

b. What fa
tors may result in interferen
e between the transa
tions of dif-

ferent types, leading to the 
al
ulated throughput being in
orre
t?

Answer:

a. Let there be 100 transa
tions in the system. The given mix of transa
tion

types would have 25 transa
tions ea
h of type A and B, and 50 transa
-

tions of type C. Thus the time taken to exe
ute transa
tions only of type

A is 0:5 se
onds and that for transa
tions only of type B or only of type

C is 0:25 se
onds. Given that the transa
tions do not interfere, the total

time taken to exe
ute the 100 transa
tions is 0:5 + 0:25 + 0:25 = 1 se
-

ond, i.e., the average overall transa
tion throughput is 100 transa
tions

per se
ond.
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b. One of the most important 
auses of transa
tion interferen
e is lo
k


ontention. In the previous example, assume that transa
tions of type A

and B are update transa
tions, and that those of type C are queries. Due

to the speed mismat
h between the pro
essor and the disk, it is possible

that a transa
tion of type A is holding a lo
k on a �hot� item of data and

waiting for a disk write to 
omplete, while another transa
tion (possibly

of type B or C) is waiting for the lo
k to be released by A. In this s
enario

some CPU 
y
les are wasted. Hen
e, the observed throughput would be

lower than the 
al
ulated throughput.

Conversely, if transa
tions of type A and type B are disk bound, and

those of type C are CPU bound, and there is no lo
k 
ontention, ob-

served throughput may even be better than 
al
ulated.

Lo
k 
ontention 
an also lead to deadlo
ks, in whi
h 
ase some

transa
tion(s) will have to be aborted. Transa
tion aborts and restarts

(whi
h may also be used by an optimisti
 
on
urren
y 
ontrol s
heme)


ontribute to the observed throughput being lower than the 
al
ulated

throughput.

Fa
tors su
h as the limits on the sizes of data stru
tures and the

varian
e in the time taken by bookkeeping fun
tions of the transa
tion

manager may also 
ause a di�eren
e in the values of the observed and


al
ulated throughput.

25.7 Suppose an appli
ation programmer was supposed to write a query

sele
t *

from r natural left outer join s;

on relations r(A,B) and s(B,C), but instead wrote the query

sele
t *

from r natural join s;

a. Give sample data for r and s on whi
h both queries would give the same

result.

b. Give sample data for r and s where the two queries would give di�erent

results, thereby exposing the error in the query,

Answer:

FILL IN

25.8 List some bene�ts and drawba
ks of an anti
ipatory standard 
ompared to a

rea
tionary standard.

Answer:
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In the absen
e of an anti
ipatory standard it may be di	
ult to re
on
ile be-

tween the di�eren
es among produ
ts developed by various organizations.

Thus it may be hard to formulate a rea
tionary standard without sa
ri�
ing

any of the produ
t development e�ort. This problem has been fa
ed while

standardizing pointer syntax and a

ess me
hanisms for the ODMG standard.

On the other hand, a rea
tionary standard is usually formed after extensive

produ
t usage, and hen
e has an advantage over an anti
ipatory standard -

that of built-in pragmati
 experien
e. In pra
ti
e, it has been found that some

anti
ipatory standards tend to be over-ambitious. SQL-3 is an example of a

standard that is 
omplex and has a very large number of features. Some of

these features may not be implemented for a long time on any system, and

some, no doubt, will be found to be inappropriate.

25.9 Des
ribe how LDAP 
an be used to provide multiple hierar
hi
al views of data,

without repli
ating the base-level data.

Answer:

This 
an be done using referrals. For example an organization may maintain

its information about departments either by geography (i.e. all departments in

a site of the the organization) or by stru
ture (i.e. information about a depart-

ment from all sites). These two hierar
hies 
an be maintained by de�ning two

di�erent s
hemas with department information at a site as the base informa-

tion. The entries in the two hierar
hies will refer to the base information entry

using referrals.
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