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COSC-4411(A) Midterm #2

Sur / Last Name:
Given / First Name:

Student ID:

• Instructor: Parke Godfrey

• Exam Duration: 75 minutes

• Term: Fall 2004

Answer the following questions to the best of your knowledge. Be precise and be careful. The exam
is open-book and open-notes. Write any assumptions you need to make along with your answers,
whenever necessary.

There are four major questions. Points for each question and sub-question are as indicated. In
total, the exam is out of 50 points.

If you need additional space for an answer, just indicate clearly where you are continuing.

Regrade Policy

• Regrading should only be requested in writing. Write what you would like to be reconsidered.
Note, however, that an exam accepted for regrading will be reviewed and regraded in entirety
(all questions).

Grading Box

1. /10

2. /10

3. /15

4. /15

Total /50
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1. (10 points) Join Algorithms. A pass too far. [analysis]

Dr. Bas has noted many queries involving joins that look as follows: R 1J S where VR.J � VS.J;
that is, the number of distinct values of R.J is much less than the number of distinct values of
S.J. Furthermore, the set of distinct values of R.J is reasonably small, and could fit in main
memory, say, within the space of 100 buffer frames. (This is not to say that R will fit in main
memory. Assume that it does not.)

a. (7 points) Design a variant of the 2-pass hash join algorithm that would be much more
efficient than the usual hash join under these circumstances.

We shall make R the outer and S the inner.

– Pass 0: Reserve 100 buffer-pool frames (BFs) for an in-memory hash table (HT).

Say that we have B + 1 BFs remaining that are available.

R Read a page of R. Hash with h1 each record into 0 . . . B − 1 buckets. Each
bucket is used to write out a partition (run).
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Also, for each record, hash its J value using h2 into HT. (HT does not main-
tain duplicates.)

S Read a page of S. For each record, check whether its J value is in HT. If not,
throw the record away. Otherwise, hash with h1 the record into the appropriate
0 . . . B − 1 bucket. Each bucket is used to write out a partition (run).

– Pass 1: Same as the regular pass 1 (join pass) as for HJ. HT is thrown away
before pass 1 starts, so all the BP allocation can be used here.



18 November 2004 COSC-4411(A) Midterm #2 w/ answers p. 3 of 14

b. (3 points) Given VR.J = 10, 000, VS.J = 80, 000, R is 1,000 pages, S is 20,000 pages, and
you have a quota of 150 buffer frames, how much does your hash join cost to evaluate
R 1J S?

Let S′ be the records that survive our pass 0. This will be just 1

8
of S’s records, as 7

8
’s of

the J’s do not match in HT.

– Pass 0:

∗ R in: 1,000 I/O’s

∗ R partitions out: 1,000 I/O’s

∗ S in: 20,000 I/O’s

∗ S′ partitions out: 2,500 I/O’s

– Pass 1:

∗ R in: 1,000 I/O’s

∗ S′ partitions out: 2,500 I/O’s

Total: 27,000 I/O’s.
The usual HJ would be 3× the size of R (in pages) plus the size of S, so 63,000 I/O’s.
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2. (10 points) General. Jan, ken, pon. [multiple choice]

For each of the following, choose one best answer.

a. (1 point) If the results of an operator in a query plan are materialized, what does this
imply?
A. That it uses blocked I/O.
B. That no other operator can come after it in the query plan. (In other words, it must

be the last operator in the tree.)
C. That it works on “blocks” of records at a time.
D. That it is a “blocking” operator that cannot be pipelined to the next operator. (So

it must finish before the next operator can start.)
E. That it must be a join operator.

b. (1 point) Which of the following is true?
A. Anywhere a 2-pass hash join can be used, a 2-pass sort-merge join could be used

instead, at the same cost.
B. A block-nested-loops join is never better than a hash join or a sort-merge join. It

is part of the repertoire simply for the cases when hash join and sort-merge join
cannot be applied.

C. Select conditions can only be evaluated by use of an index.
D. Index-nested-loops join will rarely be the best choice unless there are other selective—

returning few results—conditions in the query.
E. Hash joins and sort-merge joins cannot be used together in the same query plan.

c. (1 point) Using replacement sort instead of quicksort for pass zero of the external sort
algorithm has the advantage that
A. it is faster than quicksort (even though they are the same O-wise).
B. it allows for block reads whereas quicksort does not.
C. it produces runs twice as long, on average, as the use of quicksort does.
D. it reduces the number of I/O’s for pass zero (compared with using quicksort).
E. it reduces the number of I/O’s of each subsequent (merge) pass (compared with

using quicksort in pass zero).

d. (1 point) Using replacement sort instead of quicksort for pass zero of the external sort
algorithm has the following disadvantages, except for
A. it is slower than quicksort.
B. it does not permit block reads to the extent that using quicksort does.
C. it is difficult to implement efficiently data-structure-wise compared with quicksort.
D. its performance can diminish if the input is already sorted.
E. it can increase the number of I/O’s for pass zero (compared with using quicksort).
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e. (1 point) Consider table R with attributes A and B, table S with attributes A and B.
All joins below are natural joins; that is, the join columns are those columns named the
same between the two tables.

I. σA≥5(R 1 S)
II. σA≥5(R) 1 S

III. σA≥5(R) 1 σA≥5(S)

Which of the above relational algebra expressions necessarily evaluate to the same result?
A. All three must evaluate to the same result.
B. They each may evaluate to a different result.
C. I & II

D. I & III

E. II & III

F. Not enough information is provided to determine this.

f. (1 point) Which of the following would not be considered a benefit of indexing?
A. To improve performance during data sorting.
B. To ensure uniqueness of key values.
C. To avoid reading the records when processing queries that retrieve only indexed

columns.
D. To improves performance during large sequential table scans.
E. To help the query optimizer in cost estimation.

g. (1 point) Which following heuristic tends to result often in a less expensive query plan?
A. Preferring filescans to using an unclustered index.
B. Making the larger table of the two in a join the outer table.
C. Making the smaller table of the two in a join the outer table.
D. Evaluating all selects on-the-fly.
E. Performing selects at the bottom of the tree before other operations.

h. (1 point) If a query involves group by, then
A. the query plan cannot employ index nested loops joins.
B. it will be much less expensive than the same query but without the group by,

because fewer records are returned.
C. the data will need to be partitioned or sorted.
D. the tables involved will have to be scanned repeatedly.
E. index-only plans are not possible.
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i. (1 point) Consider the two variants of the same query: “select distinct . . .” and
“select all . . .”.
A. The distinct version is guaranteed to run faster.
B. The all version is guaranteed to run faster.
C. The two versions are guaranteed to run in the same time, since the query plan in

either case must sort.
D. The distinct version is guaranteed to run faster if there is a join involved; otherwise,

the all version will run faster.
E. None of the above.

j. (1 point) Unclustered tree indexes are not useful

A. to replace sorting, when the records need sorting by the index’s search key.
B. for index-only plans.
C. for use in index-intersection.
D. in index-nested loop joins for foreign-key joins with the parent table as the inner.
E. as access paths for selective select conditions.



18 November 2004 COSC-4411(A) Midterm #2 w/ answers p. 7 of 14

3. (15 points) Reduction factors, etc. Reduce today! [short answer & exercise]

a. (3 points) Consider the relation employee(id, name, phone, salary, gender). On which at-
tribute would it be least useful to build an index? Briefly, why?

Definitely gender. It takes only two values. Likely, half of the entries will be male and
half female. So, at best, it could only save 50% over a filescan, and that is if it is clustered
(really unlikely). No conceivable cases where is could be useful as an unclustered index.
Many said id, because it is unique. But an index here would be exceedingly useful. Some
said, “There is already an index on id.” So it is useful to have an index on id.

b. (3 points) Consider tables R(A,B), S(B,C), and T(C,D). What would be a reasonable
estimate for the result size (number of records) of the expression

σA=10((R 1B S) 1C T)

if the only available statistics are the numbers of records in the table—NR, NS, and
NT—and the distinct value counts for the attributes—VR.A, VR.B, VS.B, VS.C, VT.C and
VT.D.

NR · NS · NT

VR.A · max(VR.B, VS.B) · max(VS.C, VT.C)

c. (4 points) Name two distinct reasons why complex queries with deep query trees are
difficult to optimize.

– The combinatorial explosion of the number of query plans to be considered becomes
too big.

– Each operator further up the tree relies on the cardinality estimations of the the
operators below it. So we are doing estimations based on estimations. The deeper
the tree, the more error propogates.
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d. (5 points) File F is 400 pages and 5 records fit per page. You have a buffer-pool quota
(B) of 6 frames.

Calculate the I/O cost of sorting F using the basic external sort routine. (Assume that
pass 0 produces runs of size B, so 6 in this case.)

– Pass 0: Makes 67 runs. 66 runs of length 6 each, one run of lenght 4. 800 I/O’s

– Pass 1: Makes 14 runs (d67/5e) 800 I/O’s

– Pass 2: Makes 3 runs (d14/5e) 800 I/O’s

– Pass 3: Makes 1 run. 800 I/O’s

Total: 3,200 I/O’s.
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4. (15 points) Query Evaluation. What do polysci students take?! [exercise / analysis]

Consider tables

• student(id, name,major) with 100,000 records on 2,000 pages

• enrol(id, course#, section, term, grade) with 4,000,000 records on 40,000 pages

There is a foreign key from enrol onto student.

Available indexes:

• hash index on student on id (linear hash)

• clustered tree index on enrol on id, course#, section, term (index pages are 3 deep)

• unclustered tree index on enrol on course#, id (index pages are 3 deep)

Statistics:

• the number of values of student.major: 100

• values of enrol.course#: 1000, . . ., 4999 (so 4000 values)

Consider the query

select name, S.id, course#, section, term, grade

from student S, enrol E

where S.id = E.id

and course# is between 4000 and 4999

and major = ’political science’;

You have an allocation of 25 buffer frames.

a. (3 points) Estimate the cardinality of the query.

E has a foreign key on S, so we start with 4,000,000 “ES” records. The reduction
factor (RF) of σcourse# is 1000

4000
, or 1

4
. RF of σmajor is 1

100
. Therefore, the cardinality

estimation of the query is 4, 000, 000 · 1

4
· 1

100
= 10, 000.
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b. (7 points) Devise a good query plan for the query. Show the query tree, fully annotated
with the chosen algorithms and access paths.

Estimate the cost of your plan. For full credit, you should have a plan that costs less
than 10,000 I/O’s.

Here is one query plan.

on−the−fly

on−the−fly

INLJ

SELECT(major = ’polysci’)

FILESCAN(Student)

INDEX(Enrol: id, corse#, sect, term)

JOIN(id)

SELECT(course# btwn 1000 & 4999)

PROJECT(name, id, course#, section, term, grade)

σ: 2,000 I/O’s to filescan S. 1,000 records ( 1

100
) survive.

1: 1,000 probes. Each costs

∗ 3 I/O’s Index pages

∗ 1 I/O data-entry (DE) page

∗ 1 I/O data-record (DR) page

Each probe matches 40 records. Since the index is clustered, all are likely on the
same DR page.

Total: 7,000 I/O’s
If we assume that the root of the probe index stays in the buffer pool (BP) between probes
(a quite reasonable assumption), then each probe is just 4 I/O’s, and the total is 6,001
I/O’s.
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c. (5 points) Consider the query

select name, S.id, course#, section, term, grade

from student S, enrol E

where S.id = E.id

and course# is between 4000 and 4999;

This is the same as before, but with the “major = ’political science’” condition
dropped.

Show a good query plan (annotated tree) for this query. (By good, I mean better than
picking just any näıve approach.) What is its cost?

Here is one query plan.

on−the−fly

on−the−fly

SELECT(course# btwn 1000 & 4999)

PROJECT(name, id, course#, section, term, grade)

FILESCAN(Student)

SORT(id)

Temp

Merge JoinJOIN(id)

FILESCAN(Enrol)

Enrol is sorted on id because of its clustered index.

– Sort: Pass 0 is 80 runs plus two merge passes, so 24,000 I/O’s.

– 1: Read Temp at 2,000 I/O’s and read Enrol at 40,000 I/O’s. Total: 42,000 I/O’s

Total: 76,000 I/O’s
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(Scratch space.)
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(Scratch space.)
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(Scratch space.)

Relax. Turn in your exam. Go home.


