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Problem 1: Relational Model and SQL (15 points, 3 points per part)

Following relational schemas represent information of a campus card database in a
university.
card( cno:char(5), name:char(8), depart:char(10), balance:integer )
pos( pno:char(4), campus:char(8), location:char(10) )
detail( cno:char(5), pno:char(4), cdate:date, ctime:time,
amount:integer,
remark:char(10))

Following tables show an instance of the database:

card
cno name | depart | balance
0001 7K CS 100
0002 S EN 200
c0003 B CS 300
c0004 x| B CS 400
0005 R MA 500

ava;
-
%
-




pos

pno campus | location
p001 FR HAAET
p002 R e
p003 R e

p004 ek | BFHET

p005 a8 | AFHET

p006 £ ok —RE

detail

cno pno cdate ctime amount remark
c0001 | p002 | 2018-07-01 | 08:10:10 6 IR
c0001 | p002 | 2018-07-01 | 12:05:12 12 B
c0001 | p002 | 2018-07-01 | 17:30:20 20 IR
c0001 | p001 | 2018-07-01 | 18:10:10 60 Jlak7|
c0002 | p002 | 2018-07-02 | 08:10:10 8 IR
c0002 | p001 | 2018-07-02 | 08:10:10 20 J1ak7|
c0003 | p003 | 2018-07-02 | 08:10:10 25 IR

Given following SQL query on above relations:
select cno, name
from card natural join detail
where depart= ‘CS’ and (cdate , pno) in
(  select cdate, pno
from detail
where cno=°c0002’)

Please answer following questions:

(1) Transform above query to a SQL statement without nested subquery.

(2) Transform above query to an equivalent relational algebra expression.

(3) Write a SQL statement to find out cards consumed in only one campus in 2018.

(4) Write a SQL statement to find out the pos in “454:¥” campus that has the
maximum total amount of card consumption in 2018.

(5) Write a sequence of SQL statements to complete following transaction:
card “c0002” consumes 20 at pos “p001” at 2018-07-02 08:08:08
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Answers of Problem 1:
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Problem 2: E-R Model (11 points)

Please design an ER diagram for a takeaway platform (#MsE2°F-£) to capture
information about restaurants, customers, couriers (i 71) , orders , payments,
and deliveries, etc. A restaurant sell items on the platform. A customer has several
addresses. A courier delivers packages of order to customers.

Answers of Problem 2:
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Problem 3: Relational Formalization(12 points, 3 points per part)

For relation schema R(A, B, C, D, E) with functional dependencies set F={A->CD,
C->B,B>D, B2>E}

(1) Compute the Canonical Cover of F.
(2) Compute the Closure of attribute set {B}.

(3) Decompose the relation R into a collection of BCNF relations, and give out the
functional dependency set for each relation.

(4) Explain whether above decomposition be dependency preserving or not.

Answers of Problem 3:

Problem 4: XML (12 points, 4 points per part)

Following DTD depicts information of the campus card database given in problem 1:

<IDOCTYPE

>

<IELEMENT
<IELEMENT
<IATTLIST

<IELEMENT
<IELEMENT
<IELEMENT
<IATTLIST

<IELEMENT
<IELEMENT
<IELEMENT
<IELEMENT
<IATTLIST

<I[ELEMENT
<I[ELEMENT
<I[ELEMENT
<I[ELEMENT

campus_cards|

campus_cards( pos+,card+)>

pos (campus, location)>

pos pno ID #REQUIRED>

campus (#PCDATA)>

location (#PCDATA)>

card (name, depart, balance, detail*)>
card cno ID #REQUIRED>

name (#PCDATA)>

depart (#PCDATA)>

balance (#PCDATA)>

detail (cdate, ctime, amount, remark)>
detail pno IDREF #REQUIRED>
cdate (#PCDATA)>

ctime (#PCDATA)>

amount (#PCDATA)>
remark(#PCDATA)>



(1) Base on the instance of the campus card database given in problem 1, give an
XML document that conforms to above DTD. The document is required to contain
the information of pos “p003” and card “c0003” as well as its consumption
details.

(2) Give a Path expression to find out the location of pos where 7Kl once paid 50.

(3) Give an XQuery expression to find out the ¢no of card that once paid at the same
pos and date with 7K Jifi.

Answers of Problem 4:




Problem 5: B+ -Tree (12 points, 4 points per part)

For the following B+-tree (n=4 ):

58

S S

48 68 —»| 98128 138 158 218 |—¥ 228 258

8 3

A

(1) Draw the B+ -tree after inserting four entries 28,168, 58,18 sequentially.

(2) Draw the B+ -tree after deleting four entries 8, 38, 98,128 from the original
B+-tree sequentially.

(3) Assuming (a) there are 3 blocks in main memory buffer for B+-tree operation, at
first these blocks are empty. (b) Least Recently Used (LRU strategy) is used for
buffer replacement. (c¢) each node of B+-tree occupies a block.

Please count the number of B+-tree blocks transferred to buffer in order to
complete the operation in 1).

Answers of Problem 5:




Problem 6: Query Processing (16 points, 4 points per part)

For the relational schemas of the campus card database given in problem 1, there are
following assumptions:

>

YV VYV

YV VYV

Ncard=10,000 , np0s=100, Ngetai=10,000,000

1card=25 5 1pos=225 ldetail=29

V(campus, pos) =6, V(location, pos) =20

V(depart, card) = 100, V(name, card) = 5000

The value of attribute cdate in detail table is uniformly distributed between
2017-01-01" and ‘2017-12-31".

block size is 4K bytes.

size of B+-tree pointer is 4 bytes.

card and detail tables are stored as sequential files based on search key cno.
there is a B+-tree index on detail(cno).

(1) Estimate the size (i.e. number of records) returned by following SQL statement :

select d1.cno, d2.cno
from detail d1, detail d2
where d1.pno=d2.pno and d1.cdate=d2.cdate and

d1.cdate between ‘2017-05-01" and “2017-07-31°

(2) Estimate the number of blocks of card and detail tables respectively.
(3) Estimate the height of the B+-tree index on detail(cno).
(4) Estimate the cost for evaluating expression “G pame=si (card) M detail ” using

file scan for ¢ operation followed by indexed-loop join method forM operation.
(Hind: the cost is measured by number of blocks transferred to main memory and
times to seek disk.)

Answers of Problem 6:
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Problem 7: Concurrency Control (12 points, 3 points per part)

Consider following schedule S with five transactions T1,T2,T3,T4 and T5:
S: ri(4) w2(A) r2 (B) w3(A) w3(B) w4(C) w4(B) w5(C) w3(C)
where: ri(X) means transaction 7i read data X.

wi(X) means transaction 7i write data X.

(1) Draw the precedence graph of S.

(2) Explain whether S is serializable.

(3) Explain whether S be generated by the two—phase locking protocol.

(4) If S is serializable, give out all serial schedules to which S is equivalent. If S is not
serializable, figure out an operation in S such that if this operation was removed
from S, S would become serializable.

Answers of Problem 7:
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Problem 8: Aries Recovery Method (10 points, 2 points per part)

A DBMS uses Aries algorithm for system recovery. Following figure is a log file just
after system crashes. The log file consists of 16 log records with LSN from 1001 to
1016. The figure does not show PrevLSN and UndoNextLSN in log records.
Assuming that last completed checkpoint is the log record with LSN 1012.

1001: <T1 begin>

1002: <T1,8001.1, 11, 22>

1003: <T2 begin>

1004: <T2,8001.2, 33, 44>

1005: <T3 begin>

1006: <T3,8002.1, 55, 66 >

1008: <T1 commit>

1009: <T4 begin>

1010: <T4,8001.1, 22,77 >

1011: <T2, 8002.2, 88, 99>

1012:  checkpoint

Txn LastLSN
T2 1011
T3 1006
T4 1010

PagelD PageLSN | RecLSN

8001 1010 1010

8002 1011 1006

1013: <T2 commit>

1014: <T3,8002.1, 66, 77>

1015: <T4,8003.1, 11, 22>

1016: <T4 commit>

#
S
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Please answer following questions:

(1) Which log record is the start point of Redo Pass?

(2) Which log record is the end point of Undo Pass?

(3) After Analysis Pass, what content is the dirty page table?

(4) After recovery, what is the value of data items identified by “8002.1” and “8002.2”
respectively?

(5) After recovery, what additional log records appended to log fie?

Answers of Problem §:
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Answers of Problem 1:
(12 points, 3 points per part)

(1) select cl.cno, cl.name
from (card as cl) natural join (detail as d1),
detail as d2

where cl.depart= ‘CS’ and d2.cno =’c0002’ and
d1.cdate = d2.cdate and d1.pno=d2.pno;

another answer:
select cl.cno, cl.name
from card as cl, detail as d1, detail as d2
where cl.cno=dl.cno and
cl.depart= ‘CS’ and d2.cno =’¢c0002’
d1.cdate = d2.cdate and d1.pno=d2.pno;

P54 -
4 where 451 14, select 53114, HEHR

(2 ) Hc].cno, cl.name (0- dl.cdate—d2.cdate A dl.pno= d2.pno

((O craepare=-cs* (P o1 (card))) PX| o (p a1 (detail)) x
(O d2.cno=<c0002’ (P a2 (detail)) ) ) )

szl B
BARIERIN 15, HENT

(3) select cno
from detail natural join pos
where year(detail.cdate)=2018
group by cno
having count(distinct campus)=1;

another answer:
select *
from card cl
where exists(
select *

b
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from (detail natural join pos) as rl
where rl.cno=cl.cno)
and not exists(

select *

from (detail natural join pos) as r1,
(detail natural join pos) as r2

where rl.cno=cl.cno and r2.cno=cl.cno and
year(rl.cdate)=2018 and year(r2.cdate)=2018
and rl.campus<> r2.campus

PRor4E N -
BANFEE L4, BEENS.

(4) select cno
from detail natural join pos
where pos.campus="%% 45’ and year(detail.cdate)=2018
group by pno
having sum(amount)>=all (
select sum(amount)
from detail natural join pos
where pos.campus=" %£4:¥#5’ and year(detail.cdate)=2018
group by pno

arazill B
BTN LS, EENE

(5) update card set balance = balance -20 where cno="c0002’;
insert into detail(cno, pno, cdate, ctime, amount)
values(‘c0002’, ‘p001°,°2018-07-02", ‘08:08:08°, 20);
commit;
TR 40 -
BEBEHRE 5.
B J5—%) commit 7]k
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Answers of Problem 2:

/\

customer order
address courier
TR 4R :
SEARR B ERK
AR ER B ER 3 2.
A LA R 157

T order 1 2 43, G item $ 1 43

Answers of Problem 3:
(12 points, 3 points per part)

(1) Fe={A>C, C>B, B>DE!}
(2) B)" =(B,D,E)

(3) R1(B,D,E), F1={B>DE}
R2(C,B), F2={C>B}
R3(A,C), F3={A>C}

ezl B
B LR RS 14, EENRE.
FESMETE, RTX2HE.

(4) The decomposition is dependency preserving,
because (F1UF2U F3)+=F+
GiarsilUE

item

0

resturant

X (3) FRARDMET S, HRBEREFRHNENR, FX2H-,



Answers of Problem 4:
(12 points, 4 points per part)

(1) <campus_cards>
<pos pno="p003”>
<campus> EJR </campus>
<location> JUf& % </location>
</pos>
<card cno="c0003” >
<name> FEi<name>
<depart> CS </depart>
<balance> 300<balance>
<detail pno=" p003”>
<cdate> 2018-07-03</cdate>
<ctime> 08:10:10 </ctime>
<amount>25 </amount>
<remark>&X<remark>
</detail>
</card>
</campus_cards>

P53 2 ) -
& element 531 1 43, EEH5%

(2)
/campus_cards/card[name="5KJlf”]/detail[amount=50] /id(pno) /location/text()
P-4 W«
g “r” 14y, EEHS
text()BRRAFN 5

3
for $x in /campus_cards/card/detail
$y in /campus_cards/card[name="7KJifi”]/detail
where $x/@pno=Sy/@pno and $x/cdate=Sy/cdate and
$x/@cno<>8$y/(@cno
return <cno> {$x/cno } </cno>
TS -
for BT A0 1 2
where BN KA 1 43
return £530 1 &
HEHM®
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Answers of Problem S:
(12 points, 4 points per part)

1)
158
/ 22 ; 98\A <
818 1 2838 > 485868 » 08128 138 —»| 158 168218 228 258

PS4 -

B entryfdi NEEHI14)

B rp B g Sk B R4

2)

158 228
48 68 138 » 158 218 |—» 228 258

aaillf

B entryMIBRESFI11 55

B R BT Sk B 2R 401

3) 3+24+2+1=8

PR 4m M :

BZNT. 92—, 1y
KNS, 64 102—, 24>
BN 4. 112—, 3%
HAth4n44y

Answers of Problem 6:

(16 points, 4 points per part)

PEAZAN: AN IS E LSRR 1 5
1) (10000000%10000000) / (100 * 365)) *3/12 = 684.93M
s ilUR
=ANEAE: 1/100,1/365, 3/1258 %0145
/B—AN10000000 A3 $111 23
FSLBR R BOR$92/36548 :3/12, %),
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2) Record number per block of card=4096/25=163
Blocks of card = 10000/163=61.32>62
Record number per block of detail=4096/29=141.24 > 141
Blocks of detail = 10000000/141=70922
P4 -
AFERE R A (EEED , ZHREGER, A,

3) Fan-out rate n of the B+-tree =(4096-4)/(5+4) +1 =455

4) Min height of B+tree = logyss (10000) = 2 (] _EHUE
Max height of B+tree = logys (10000/2) +1=>2 (Ja] FHUE)
So height of B+tree =2
PRS- -
B+-treefm £ A3, A3

5) Cost for evaluating o operation (243, &14)
block transfer = 62 tr
seek time =1 tg

cost for the natural join operation (243, ts Ml tr&143)
return number of & name="7K 1" (card) = (10000/5000)=2
block number for each card cno in detail = (10000000/10000)/141 = 7.09 =8

cost for the natural join operation = 2*(2 tg +2 tr+1 tg 48 ty)
2*3 ts +10 tr) = 6 tg +20 tt

pipeline evaluation:

Total cost= (1tg+62t1) + (6ts+20ty, =7 tg+82tr

PB4 2 )«

ERERERARAE RIS A T 14>

#i % Flmaterialized evaluation /7%, tS £1, t(T£2
ARG E— AR, ARABEEIEH N, 17,

Answers of Problem 7:

(12 points, 3 points per part)

1) PR
BANETRAEH 0.5 73, BRI

<J2

2)
S is not serializable, because there are cycles in the graph : T3~T4~T3;

6 Jik 6 1L



T3~T4~T5~T3
PRS- 4n ] .
214y, B2 9.

3) no, because every schedule generated by 2PL is serializable.

PR
2w 14y, Bl 249

4) w3(B) , orw4(B), , orw3(C)

iU
PA_E3FhE AR, 3353,
mR (D FEREIE (2) @R, M (2) 3) mREHEHRES1S

mE (2) (3) FRIER, EHARS, WEHESRES15)

Answers of Problem 8:

(10 points, 2 points per part)

1) 1006 (243)
2) 1005 (249

3
PagelD PageLSN | RecLSN
8001 1010 1010
8002 1014 1006
8003 1015 1015
PR -
S— 14

4)  “8002.1” =55 (143)
“8002.2” =99 (143)

5) | 1017:  <T3,8002.1, 66>
1018:  <T3,8002.1, 55>
1019:  <T3 abort>
PR

S— 143
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Problem 1: Relational Model and SQL (16 points, 4 points each)

Consider the following relational schemas with the primary keys underlined.
Movie(title, type, director)
Comment(title, user_name, grade)
1) Write a relational algebra expression to find all the movie titles that are directed by
“Yimou Zhang” and exist the comment grade of greater than or equal to 4.
2) Write a SQL statement to change the null value of grade to 0.
3) Write a SOL statement to find which movies have the highest average grade.
4) Write a SQL statement to find all the movie titles where every user gives higher
grade than movie “the avenger”.

Answers of Problem 1:
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Problem 2: E-R Model (9 points)

We need to store information about football teams in league matches. The information
includes matches (identified by match_id, with attributes location, time) as well as the
score of each team for the match, teams (identified by name, with attribute city),
players (identified by name, with attributes age and several phone numbers), and
individual player statistics (such as score, shooting, foul, etc.) for each match. Note
that one player only belongs to one team.

Please answer the following questions:

1) Draw an E-R diagram for this database model with primary key underlined. (5
points)

2) Transform the E-R diagram into a number of relational database schemas, with the
primary key underlined. (4 points)

Answers of Problem 2:

i
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Problem 3: Relational Formalization (12 points, 4 points each)

For relation schema R(A, B, C, D, E) with functional dependencies set F={A—>B,
BC->D, C2>A}

1) Find all candidate keys of R.
2) Decompose the relation R into a collection of BCNF relations.

3) Explain whether above decomposition be dependency preserving or not.

Answers of Problem 3:
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Problem 4: XML (12 points, 4 points each)

Following is an example XML document describing the information in Problem 1.

<movie_comment>
<movie title="wandering earth”>
<type>science fiction</type>
<director> Fan Guo </director>
<comment>
<user name>Alice</user name>
<grade>5</grade>
</comment>
<comment>
<user name>Bob</user name>
<grade>4</grade>
</comment>
</movie>
<movie title="the avenger”>
<type>action</type>
<director> Joss Whedon </director>
<comment>
<user _name>John</user name>
<grade>4</grade>
</comment>
</movie>
</movie_comment>

1) Give the DTD for the XML representation, requiring that at least one comment for
each movie.

2) Give a Path expression to find all the action movie titles where Alice gives grade 5.
3) Give an XQuery expression to find all the movie titles that are directed by “Yimou

Zhang” and have at least one grade 5.

Answers of Problem 4:
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Problem 5: B*-Tree (12 points, 3 points each)

For the following B'-tree (n = 4), answer following questions:

1) Show the structure of the tree after inserting sequentially 8, 6, and 3 into the
original tree.

2) Show the structure of the tree after deleting sequentially 81 and 45 from the
original tree.

3) If the height of tree is 5, please tell the minimal and maximal numbers of key
values in the tree.

4) Assume that (a) there are 3 blocks in main memory buffer for B -tree operation,
and at first those blocks are empty; (b) the Least Recently Used (LRU) strategy is
used for buffer replacement; and (c) each node of B'-tree occupies a block. Please
count the number of B'-tree blocks transferred to buffer in order to complete the
operations in 2) of this problem.

35N
9 \ 20 60 N
\
21157 60|81
91112 »120] (30 — | 35[|45]|50

=
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Answers of Problem 5:
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Problem 6: Query Processing (12 points, 4 points each)

For the relational schemas in problem 1, there are following assumptions:
Number of tuples, movie: 5,000, comment:1,000,000;
Blocking factor, movie:50, comment:100;
Number of distinct values, V(director, movie) = 500, V(grade, comment) = 5;
Block size is 4K bytes;
Movie has a B'-tree index on title, and each index block contains 60 entries (i.e.
n=60)

Answer following questions (We do not consider cost to write output to disk):

1) Estimate the size of the result of 1) in Problem 1.

2) Suppose that the block nested-loop join is used to implement movie <] comment,
buffer in main memory has 12 blocks, and movie is chosen as inner relation. In
order to obtain the best performance, how to assign buffer blocks to movie and
comment respectively? Please estimate the number of block accesses and the
number of seeks required by the solution.

3) Suppose that the index nested-loop join is used to implement Ggiector—"Yimou Zhang"

(movie) P><| comment. Please estimate the number of block accesses and the number

of seeks required by the solution (assume the worst case of memory, and that one

extra buffer block is used for the root index block and it needs to be read from disk
only once).

Answers of Problem 6:

#
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Problem 7: Concurrency Control (12 points, 4 points each)

Consider following three transactions:
T1: read(A)
Read(B)
Write(B)
T2: read(B)
Read(A)
Write(A)
T3: read(A)
Write(A)

1) For the following schedule, please draw the precedence graph, and explain whether
it is conflict serializable.

T1 T2 T3
Read(A)
Read(B)
Read(A)
Write(A)
Read(B)
Read(A)
Write(B)
Write(A)

2) For the following schedule, please explain whether it is cascadeless.

T1 T2 T3
Read(A)
Read(B)
Write(B)
Read(B)
Read(A)
Write(A)
Read(A)
Abort

3) Please explain whether the two-phase locking protocol can be used to implement
the schedule in 1).

#
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Answers of Problem 7:
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Problem 8: Aries Recovery Method (15 points, 3 points each)

A DBMS uses Aries algorithm for system recovery. Following figure is a log file just
after system crashes. The log file consists of 14 log records with LSN from 1001 to
1014. The figure does not show PrevLSN and UndoNextLSN in log records. Assume
that last completed checkpoint is the log record with LSN 1008.

1001: <T1, begin>

1002: <T1, 101.1, 11, 21>
1003: <T2, begin>

1004: <T2, 102.1, 52, 62>
1005: <T2, commit>
1006: <T3 begin>

1007: <T3, 102.2, 73, 83>
1008] checkpoint

Tx LastLSN
T1 1002
T3 1007

PageID | PageLSN | RecLSN
101 1002 1002
102 1007 1004

1009: <T1, 101.2, 31, 41>
1010: <T4 begin>

1011: <T3,102.2, 73>
1012: <T3, abort>

1013: <T4, 102.1, 62, 64>
1014: <T1, commit>

Please answer following questions:

1) Which log record is the start point of Redo Pass?

2) Which log record is the end point of Undo Pass?

3) After Analysis Pass, what is the undo list?

4) After recovery, what is the value of data items identified by “102.1” and “102.2”,
respectively?

5) What additional log records are appended to log file during recovery?

Answers of Problem §:
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Answers of Problem 1:
(16 points, 4 points per part)

1) HTitIe(O'director=”Yimou Zhang” (movie) X Ograde>=4 (comment))
e UL
4t 4 41

2) Update comment set grade=0 where grade is null

i UL
—4b30 4 43, grade=null, grade is null FRXERHA 5

3) Select type from movie, comment
Where movie.title=comment.title
Group by title
Having avg(grade) >=all (Select avg(grade)
From movie, comment
Where movie.title=comment.title
Group by title)
TR 4H N -
5 H having...... B354 2 47, HHEAR SQL ER) S HAHFESIRS

4) Select title from movie
Except
Select title from movie
Where exists ( select *
From comment A, comment B
Where A.title=movie.title and A.user_name = B.user_name
And B.title=" the avenger’
And A.grade <=B.grade )
PRI 40N -
HH 4 MNEBFRMSE 2, EXNE 40

Problem 2: E-R Model (9 points)
1) (5 points)

8137 I
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Score()

match team
Match_ld playing name
location city
time T
belong
Score
Shooting
foul

player

name
age
{phone number}

statistics

Bk

match team
Match id ) name
- playing —
location — city
. visiting
time
score of home team()
score of visiting team()
belong
Score
Shooting
foul
player
.. name
statistics
age
{phone number}

P4
BRASRELAN 197, BREBRRIN 17, BESHRSN 12, PELEREKR
W14, MzEAE.



2) (4 points)

Match(match_id, location, time)
Team(name, city)

Playing(match_id, name, score)
Player(name, age)

Phone(player name, phone number)

Statistics(match_id, player name, score, shooting, foul)
B H ) match F playing BUN:

Match(match_id, location, time, home team name, visiting team_ name,

score_of home_team, score_of_visiting_team)

Each match has one home team and one visiting team.
ViU

BIMRRBA ERIEFHEN 14, AL

Problem 3: Relational Formalization (12 points, 4 points each)
1) {CE}

ezl
EXN—MEEWS, 25 M1 EWNE{ACE,CEBCEKAE

2) Decompose R into R1(A, B) and R2(A, C, D, E), decompose R2 into R21(A, C) R22(C,
D, E), and further decompose R22 into R221(C, D) and R222(C, E)

PR 4 -

HFREAAEIXISHERNPETRA—, BERHTERELAXAN

{C->A,C->B,C->D}, FTABRA LR —wREN{A,CH{B,C}{C,D}{D,E}&E —Ju4,

BRI LR ERE IR TB,CD)EA 0.5 2, SMEK 1414, HMEERE

RIEFAREIES 2-3 4

3) The decomposition is dependency preserving.

TR 4 :

Q)F B RIEFIF H M IEFRIZ 4 5,

QP ERERIF ARE R MEN, EHAR—Bs 3 5
QP ERERIF M ERNS 2 5, (AGHBREM 15
HRKBRAG 5

Problem 4: XML (12 points, 4 points each)

1)
<IDOCTYPE movie comment|

B3 T



<!ELEMENT movie comment ( movie*)>
<!ELEMENT movie (type, director, comment+)>
<!ATTLIST movie title ID #REQUIRED>
<!ELEMENT type (#PCDATA)>
<!ELEMENT director (#PCDATA)>
<!ELEMENT comment (user_name, grade)>
<!ELEMENT user_name (#PCDATA)>
<!ELEMENT grade (#PCDATA)>
| g
e UL
12415, BREBERREN2-3 2

2) /movie_comment/movie[type="action” and ./comment/user_name="Alice”
and ./comment/grade=5]/@title

Vaanea UL

WA 15, BEERIN 15

3)for S$p in /movie comment/movie[director="“Yimou Zhang”]
where count($p/comment|[grade=5])>=1
return S$p/@title

iz LR

IS—AFEIN—4r, BEHEIRT 2-3 5

Problem 5: B*-Tree (12 points, 3 points each)

1)
After inserting 8, 6 and 3:

7 35N
5 9 1,120 60




P4 -
A value 530 1 4, BB 24
T EfRDE 19

2)
After deleting 81 and 45:

\35

20

30

35

50

60

ezl

&5 merge $51740 143, WAHTE RN 14

HFIEHEDR 15

3) Maximal number of key values: 4%4*4*4%3=768
Minimal number of key values: 2¥2%2%2%2=32

el
ARSI IEFR 5

HB+1D)+1=58 B+1)+2=6

iR
i, m3n

Problem 6: Query Processing (12 points, 4 points each)

1) 5,000/500/5 = 2

PP 40 -

2,4 0], BEVE 245
400 #0 1 4y, 10301 4y

2) Number of blocks of movie is 5000/50=100

BS54 T




Number of blocks of comment is 1,000,000/100=10,000
Since the equi-join attribute title forms a key on inner relation, we can stop inner
loop on the first match.
Assign 10 blocks to comments, 1 block to movies, and 1 block for output.
Number of block accesses: (10000/10)*100+10000 = 110000 B
10000 * 100/10 + 100 = 100100
Number of seeks: 2*10000/10=2000
Vi JUR
Movie, comment % 1 4}
Block 110000,100100 %45 1 4
Seeks 2000,20 )47
A AREREWHBINS

3) Minimal height = logg(5000) > 3 ([i7]_EEU#)
Max height = logs,(5000) >3 (Ja]_-HUE&)
So, the height of the B'-tree index on movie(title) is 3.
Number of block accesses: 10000+1000000/500*3+1
Number of seeks: 10000+1000000/500*3+1

ezl
ARBBHERGHEIYS Y

Problem 7: Concurrency Control (12 points, 4 points each)
1)

T1

(==

T2
The schedule is not serializable, because there are cycles in the graph.
ezl

> —AMRREI 153
wmEra RS, FHRETAEEHE -, thassy

2) The schedule is not cascadeless.
PRI -

s, WRBRIEHE 25

gibxt, wiREH/ 3

Zwx, WRIERAS 45
HRAG 5

3) No. This is because the schedule in 1) exists cycles.

e k7 I



SN
LhibE, WIRIERE 24
ipxt, Wik, WEE 235
sEipRt, WIRERE 44
HATG

Problem 8: Aries Recovery Method (15 points, 3 points each)

1) 1002
PRI 4H N -
&M 1-3 5

2) 1010

PE 4 :
ZEM1-3 5

3) T4

P4 :
(T4,1013) W45, HK{|AL S

4) ©102.1” = 62, “102.2” = 73
e DUR

HE—AH01 45, &2 N5
Z2—M1149, £22400840

3)

1015: <T4, 102.1, 62>
1016: <T4, abort>
TR 4 :

)]

#
~J
b=l
H
~J
b=l



WYL K5 2019 - 2020 24 FH FH
(BHEERS) RREARERRASE
WS 21121350 , o FEREERL: I ENLEBR
iRk YA, BH GEEEET T V)
i VHL S GEEEEI ST V), RvF—ik A4 I
ZAAHM: 2020 4 9 H 5 H, HiWE: _ 120 4%k

WEER, VUENE, HARL.

KA %5 FrRBER:
gy | - | = | = |m| 5 | x| & | A B %
5
FEA

Problem 1: Relational Model and SQL (18 points)

A software development company develops software projects for different clients. It has
the following relational schemas for its internal management system:

client (cId, cName, cCity)

project (pld, pName, cld, startTime, endTime, budget, paid)
employee (eld, eName, eAddress, eSalary, eBonus)
participate (pld, eld, role)

9 ¢

The underlined are primary keys. “cld” in “project”, “pId” and “eld” in “participate” are
foreign keys. “paid” is the cost that the client has paid for the project. One employee can
participate in different projects with a specific role for each project. Only three different
roles are permitted: “project manager”, “developer”, and “tester”. Based on the above
schemas, answer the following questions:

(1) Write a relational algebra expression to find the project names that the client “X Bank”
has, where “X Bank” is the client name. (3 points)

(2) Write a SQL statement to create table participate with all the necessary constraints. (5
points)

(3) Write a SQL statement to find the employee names who participate in different projects
with all the three different roles. (3 points)




(4) Write a SQL statement to find the employee names who have the maximum salary in
project “p1102”, where “p1102” is the project id. (3 points)

(5) If there are more than three participating roles and the software company requires to
maintain a permitted role list in the application, what will be your suggestion to modify
the schemas? (4 points)

Answers of Problem 1:




Problem 2: E-R Model (11 points)

Suppose you want to design a simple video sharing web site. Users can upload and watch
videos. There are channels for videos. A video may belong to several channels. Users can
subscribe to different channels. Channels have hierarchy structure, e.g., “chicken eating”
channel is the sub channel of “game” channel. For better user recommendation, one
channel may have relationships with any other channels, e.g., “travel” channel has
relationship with “photography” channel, although “travel” is not a super or sub channel
of “photography”.

Please draw an E-R diagram for the database design of the web site.

Answers of Problem 2:




Problem 3: Relational Formalization (12 points)

For relation schema R (A,B,C,D,H,I) with functional dependencies set F = {B->C, AC->D,
BC->H}. Answer the following questions:
1) Find all the candidate keys; (3 points)

2) Find the canonical cover Fc; (3 points)
3) If R is not in BCNF, decompose it into BCNF schemas. (4 points) Is this decomposition
dependency preserving? (2 points)

Answers of Problem 3:

Problem 4: XML(9 points, 3 points per part)

The following is a simplified DTD for the software company in problem 1:
<IDOCTYPE

>

<IELEMENT
<IELEMENT
<IATTLIST

<IELEMENT
<IATTLIST

<IELEMENT
<IATTLIST

<I[ELEMENT
<IATTLIST

<I[ELEMENT
<I[ELEMENT
<I[ELEMENT
<I[ELEMENT
<I[ELEMENT
<I[ELEMENT
<I[ELEMENT

software company|

software company( client* ,employee+)>
client (cname, ccity, project™)>

client cid ID #REQUIRED>

project (pname,paid)>

project pid ID #REQUIRED>

employee (ename, esalary, participate™)>
employee eid ID #REQUIRED>
participate (role)>

participate pid IDREF #REQUIRED>
cname (#PCDATA)>

ccity (#PCDATA)>

pname (#PCDATA)>

paid (#PCDATA)>

ename (#PCDATA)>
esalary(#PCDATA)>

role(#PCDATA)>



Please answer the following questions:

(1) Give an XPath expression to find the project names that the client “X Bank” has paid
for more than 50000 Yuans each. “X Bank” is a client name.

(2) Give an XPath expression to find the project names that employee “John” participates
in as project manager. “John” is an employee name.

(3) Give an XQuery expression to find the project names from clients in “Shanghai” and
employee “John” participates in. “Shanghai” is a city. “John” is an employee name.

Answers of Problem 4:




Problem 5: B+ -Tree (10 points)

Table employee in Problem 1 is stored sequentially on eld. To build a B+-tree for table
employee on column eName, buckets are used between index entries in leaf node and
data records in data file. One bucket is a collection of pointers that point to data records
with same employee name. One bucket is stored in one block except it exceeds the block
size. If there are 13 employees initially as follows:

Wu, Mozart, Einstein, Mark, Susan, Gold, Katz, Singh, Crick, Mark, Brandt, Kim, Gold

(1) Suppose the max number of pointers in a B+-tree node is 4 (n = 4), draw a B+-tree
with buckets based on the above employee names. (5 points)

(2) Suppose there are 20000 employees, within which there are 18000 distinct employee
names. B+-tree node size is 4096 (n will be far bigger than 4). Employee name
length is 32, pointer length in B+-tree node is 4. There are 5 employees with the
same name “Mark”. To find all the information of employees named “Mark” using
B+-tree with buckets, in the worst case, how many blocks will be read? (5 points)

Answers of Problem 5:




Problem 6: Query Processing (15 points)

For the relational schemas in problem 1, there are following information:
» Record numbers: nciien=500 , Nproject=2000, Nemployee=30000, Nparticipate=40000
» Records in a block: felient=80, fproject=50, femployee=40, fparticipate=100
» Distinct values: V(cCity, client)=100, V(cld, project)=400, V(eld, participate)=28000,
V(pld, participate)=2000
» block size is 4K bytes.
» Numbers of clients are assumed to be the same for different cities.
(1) Estimate the size (i.e. number of records) returned by the following SQL statements:
a. select cld from client where cCity = “Shanghai”; (3 points)
b. select e.eld, e.eName, pro.pld, pro.pName, par.role
from client as c, project as pro, employee as e, participate as par
where c.cld = pro.cld and pro.pld = par.pld and e.eld = par.eld and
c.cCity="Shanghai”; (3 points)
(2) Estimate the number of blocks for employee and participate respectively. (4 points)
(3) Suppose there are 50 buffer blocks to use, estimate the cost of “employee natural join
participate” using hash join. (5 points)

Answers of Problem 6:




Problem 7: Concurrency Control (11 points)

For a database with problem 1, suppose there are three transactions executing concurrently:
T1: select sum(eSalary) from employee;

T2: update employee set eSalary = eSalary + 800 where eld = “190012”;

T3: update employee set eSalary = eSalary + 500 where eld = “190012”;

update employee set eSalary = eSalary + 1000 where eld = “181020”;

The total salary of all the employees is 250000 Yuans before the execution of these three
transactions. The database management system has implemented strict two-phase locking
for concurrent control with record level locks only. Please answer the following questions:

(1) If all the transactions commit successfully, what are the possible outputs for T1? (4
points)

(2) Is there any possibility of deadlock? If there is, can you illustrate one transaction
schedule that will cause the deadlock. (5 points)

(3) T4 inserts some new employees into table employee. If T4 executes concurrently
with T1, T2 and T3, can the above-mentioned DBMS ensure serializable schedule?
(2 points)

Answers of Problem 7:




Problem 8: Recovery (14 points)

A fuzzy checkpoint finds a list of modified buffer blocks (LBlocks) and a list of active
transactions (LTransactions); writes a checkpoint log record with LTransactions in it;
works with other transactions concurrently to output buffer blocks in LBlocks to the disk;
and saves the pointer of the checkpoint log record as last-checkpoint information to a safe
place on disk. Below is the timeline of a fuzzy checkpoint and related transactions. The
arrow line is the time line. t; to tg are points of time (t1<t...<tg). T1 to T4 are transactions.
“I” represents the beginning or end of a transaction. Commit of a transaction does not
mean that all the data the transaction modified should be output to the disk.
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Here is what happened at each of the time point:

ti: Fuzzy checkpoint began. There were two modified buffer blocks at that time: B1 and
B2; t»: T2 updated data in B1; t3: Checkpoint output B1 to the disk; t4: T3 updated
data in B3; ts: Checkpoint output B2 to the disk; ts: T4 updated data in B2; t;: Fuzzy
checkpoint finished; ts: System failure.

Suppose there were no other DBMS components that output log buffer or buffer blocks to
the disk in the meantime. Please answer the following questions:

(1) What did the fuzzy checkpoint do to log buffer, disk log file, buffer blocks, and disk
data blocks at times of t1, t3 and t; respectively? (4 points)

(2) What did T2 do to log buffer, disk log file, buffer blocks, and disk data blocks at time
of t2? (2 points)

(3) Which transactions are to be redone and which are to be undone during recovery? (4
points)

(4) Please mark on the diagram the beginning point of redo with “@” and the end point
of undo with “#” during recovery. (4 points)



Answers of Problem §:

10713 10 7T



Answers of Problem 1:

(1) H pname(projeCt X (Gcnamez”x Bank”(C“ent)))
(2) Create table participate (

eld char(12),

pld char(12),

role char(24),

primary key (eld,pld),

foreign key (eld) references employee,

foreign key (pld) references project,

check role in (“project manager”, “developer”, “tester’))
(3) select eName from employee where eld in (select eld from participate group by eld
having count(distinct role) = 3)

(4) select eName from employee natural join participate where pld = “p1102” and
eSalary in (select max(salary) from employee natural join participate where pld =
“p1102”)

or
with pemployee(eld, eName, salary) as (select eld,eName, salary from employee where
eld in (select eld from participate where pld = “p1102”))

select eName from pemployee where salary in (select max(salary) from pemployee)

(5) participate (eld, pld, roleld)
role (roleld, roleName)

Answers of Problem 2:




Answers of Problem 3:

(1)  ABI

(2) Fc = {B->CH, AC->D}

(3) (ACD, BCH, ABI) : dependency preserving; or (BCH, ABD, ABI): not dependency
preserving

Answers of Problem 4:

(1) /client[cname = “X Bank”]/project[paid>50000]/pname
(2) /employee[ename="John"”]/participate[role = “project manager”]/id(@pid)/pname
(3) for Sx in /employee[ename="John”]/participate,

Sy in /client[ccity="shanghai”]/project

where Sx/@pid = Sy/@pid

return {Sy/pname}

Answers of Problem 5:

(1

o
Gl Mark Susom

(2) max entries per node : | (4096-4)/(32+4) J= 113, n = 114; B+-tree max height =|.
logs79000 + 1]=3; worst case blocks to read: 3(B+-tree blocks)+1(bucket block)+5(one
block for each employee) =9



Answers of Problem 6:

(1) a. Shanghai client number: 500/100 = 5
b. estimated size = 5*40000/ V(cld, project) = 500
(2) blocks of employee: 30000/40 = 750; blocks of participate: 40000/100 = 400
(3) most optimistic: M =50, n=400/50=8, b, = 50/(8+1)] =150/9]=5
Transfers: 3(b- + by) +4 n = 3*(1150)+32=3450+32
Seeks: 2([ b,/ by |+ bs/ by ) +20n=2%( 750/ 51+ 1400/ 51) + 16 = 460+16

or

considering fudge factor = 1.2:
M=50, n=[ 8%12]1=10, by,=|50/(10+1)] = 50/ 11] =4

Answers of Problem 7:

(1) normal: 250000; 250000+800; 250000+1500; 250000+2300;  extra: 250000+1000 (there
is no “190012”) ; 250000+500; 250000+1300 (there is no “1810207).

(2) Yes. T1 read “181020; T3 write “190012”; T1 read “190012”; T3 write “181020”

(3) No

Answers of Problem 8:

(2) t1: write <checkpoint LTransactions> to log buffer; output log buffer to log file;
t3: output log buffer to log file; output B1 to disk;
t7: do nothing for log or data. (save pointer of <checkpoint L> to a save place)
(2) t2: write a data modification log to log buffer; modify B1; do nothing to others
(3) redo: T2, T4; undo: T3
(4) redo start: t1; undo end: beginning of T3
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Problem 1: Relational Model and SQL (18 points)

Following are the relational schemas of a SRTP (Student Research Training Program)
project database.

student (sld, sName, did)
teacher (tld, tName, dld)
department (dId, dName)
project (pld, pName, tld, startTime, endTime)

participate (pld, sld, role)

The underlined attributes are primary keys, and foreign keys are listed as follows:

“dld” in “student” references “department”;

“dld” in “teacher” references “department”;

“tld” in “project” references “teacher”;

“pld” and “sld” in “participate” reference “project” and “student”, respectively.
In “participate”, only two different roles are permitted: “leader” and “member”. Based on
the above relational schemas, please answer the following questions:

(1) Write a relational algebra expression to find the names of the projects that are
instructed by a teacher from the department “Computer Science”. (4 points)

(2) Write SQL statements to create tables project and participate with all the necessary




constraints (Note: Tables student, teacher, and department have already been created
and can be referenced). (6 points)

(3) Write a SQL statement to find the names of the teachers that instruct at least one
project started in the year 2020. (4 points)

(4) Write a SQL statement to find the names of the students participating more than 2
projects. (4 points)

Answers of Problem 1:

(1)
[ Toname(projectsateacher s (G gname=computer science”(department))

T gn: SNRESEN 1S, SNG40

()
CREATE TABLE project
(pld char(10),
pName varchar(20),
tld char(10),
startTime date,
endTime date,
primary key (pld),
foreign key (tld) references teacher);

TSN S H schema. primary. foreign key 4 2 4, HKRI4%4 3 4

CREATE TABLE participate
(pld char(10),
sld char(10),
role varchar(20),
primary key (pld, sld),
foreign key (pld) references project,
foreign key (sld) references student,
check (role=*“leader” or role="“member”));

PEA4IM: S H primary. foreign key. check %5 2 43, 2514 34

©)

select distinct tName

from project, teacher

where project.tld=teacher.tld and startTime between '2020-01-01" and '2020-12-31"'

WA A where ZAHEEN 14, 24 44

(4)
select sName
from student



where sld in
(select sld
from participate
group by slid
having count(pld) > 2)
PEr4EN: SH having... XS 14, AREME 24, &X4E 44

Problem 2: E-R Model (11 points)

Based on the SRTP project management scenario in Problem 1, some new requirements
are added as follows:

(1) There are two kinds of SRTP projects, i.e., school-level projects and national-level
projects, and a project is either school-level or national-level.

(2) National-level projects have budget information, and school-level projects have
mid-term check information.

(3) Aschool-level project is associated with exactly a department that is in charge of the
management of the project.
Please draw an E-R diagram for the scenario.

Answers of Problem 2:

teadler
S

VEAMN: BRI 14y, WSHRN 14, BESERSH 14, S5
SRR 14, 2t 114



Problem 3: Relational Formalization (12 points)

For relation schema R (A, B, C, D, E, F) with functional dependencies set F = {A->B,
A->C, B->C, D->E, D->F, EF->D}. Answer the following questions:

(1) Find all the candidate keys. (3 points)

(2) Find the canonical cover Fc. (3 points)

(3) If R is not in BCNF, decompose it into BCNF schemas. (4 points) Is this
decomposition dependency preserving? (2 points)

Answers of Problem 3:

1)
AD AEF

WHEN: AE—MN1S, BEM1S, AW 34

()
A->B, B->C, D->EF, EF->D

TEogm: SE -1, &X% 30

©)
There are different decomposition results and the following is just an example.
R1=(A,B), R2=(A,C,D,E,F)  (A->B)
R21=(A, C), R22=(A,D,E,F)  (A->C)
R221=(D, E), R222(A,D,F)  (D->E)
R2221(D, F), R2222(A, D) (D->F)
This decomposition is not dependency preserving (e.g., B->C is not preserved).

Following is another solution:
R1=(B,C), R2=(A,B,D,E,F)  (B->C)
R21=(A, B), R22=(A,D,E,F)  (A->B)
R221=(D, E, F), R222(A,D)  (D->EF)
This decomposition is dependency preserving, because A->B can be checked on R21,
B->C can be checked on R1, D->EF and EF->D can be checked on R221.

4N : DS LE—A40 15, &Xte 455, HOBRFEANE R 10, R
REERIN 1, &5 25

Problem 4: XML (8 points)

The following is a simplified DTD for the SRTP project database given in Problem 1:
<IDOCTYPE SRTP[
<IELEMENT  SRTP(department+, teacher+, student+, project*)>
<IELEMENT  department (dname)>



<IATTLIST department did ID #REQUIRED>
<IELEMENT teacher (tname)>
<IATTLIST teacher

tld ID #REQUIRED

did IDREF #REQUIRED>
<IELEMENT student (sname)>
<IATTLIST student

sld ID #REQUIRED

did IDREF #REQUIRED>
<IELEMENT project (pname, starttime, endtime)>
<IATTLIST project

pld ID #REQUIRED

tld IDREF #REQUIRED

slds IDREFS #REQUIRED >
<IELEMENT dname (#PCDATA)>
<IELEMENT tname (#PCDATA)>
<IELEMENT  sname (#PCDATA)>
<IELEMENT  pname(#PCDATA)>
<IELEMENT starttime(#PCDATA)>
<IELEMENT endtime(#PCDATA)>

1>

Please answer the following questions:

(1) Give an XPath expression to return the names of all the teachers who supervise SRTP
projects. (4 points)

(2) Give an XQuery expression to return all the projects and their corresponding

instructors, in the form of project_instructor elements that have a project subelement
and a teacher subelement. (4 points)

Answers of Problem 4:

1)
/SRTP/project/id(@tld)/tname/text()
TE4N . SMBEE RN 1S, £X% 45

()
for $p in /SRTP/project,
$t in /SRTP/teacher,
where $p/@tld= $t/@tld
return <project_instructor> { $p $t } </project_instructor>

TR JW—AFA4M 14, BRI 2, EXN% 49



Problem 5: B+ -Tree and Query Processing (10 points)

Table student in Problem 1 is stored sequentially on sld. The following B+-tree is built
for the table on attribute dld. Please answer the following questions:

(1) Is the built index a primary index? Why? (2 points)

(2) Draw the B+-tree after inserting entry 14. (4 points)

(3) Draw the B+-tree after deleting entry 19 from the original B+-tree. (4 points)

a7l ]
J1s]f16 ] el
S8 EE | T g | T o]l ]

Answers of Problem 5:

1)
The built index is not a primary index, as the search key of the index is not the search key
of the sequentially ordered data file.

W dN: SREMS 17, BRIEHS 17, SRIERANS D

)
as 27 |

eafl 11 {fefl_1I

1 EEN EES o EEY 1 EE | N T N gV ) | ECY NN
TR A entry AT 147, BIRRETLKREN 155, £N%5 450

©)
sl ]

s ] 7l |

el =]
AN S entryMERETLSY, ERBREkRAIILY, SXH45




Problem 6: Query Processing (14 points)

There are two relations r (100 blocks) and s (20 blocks), and hash-join algorithm is used

to perform natural join between these two relations (memory size M=6 blocks). Please

answer the following questions:

(1) How many partitions can be constructed? Why? (3 points)

(2) Which relation is best to choose as the build relation? Why? (3 points)

(3) Is recursive partition needed? Why? (3 points)

(4) Please compute the cost (numbers of seeks and block transfers) of the hash-join. (5
points)

Answers of Problem 6:

(1)
5 partitions, as the number of partitions is M-1.

T dN: SRIEMS 17, BRIERS 27, SGRIEFRIES
)

Relation s, as relation s is smaller than relation r.

TR 4l: SSRIEMS 10, BRIEHRS 27, SRIERPES S
(3)

Recursive partition is not needed, as the size of the partitions of relation s (i.e., 4) is less
than or equal to M-2 (i.e., 4).

T 4N: SRIEMS 17, MRRIERS 27y, SGRIERIES

(4)

Number of block transfers: 3X(100+20)+4 X5

Note: 4 X5 is not necessary, which considers partially filled blocks.
Number of seeks: 2 X (100+20)+2 X5

PES4EM: block transfers HI%¥(E 3 4, seeks HI¥E 2 4y, &X4 5%



Problem 7: Concurrency Control (13 points)

Given the following schedule, please answer T1 T2 T3
the following questions: e I o
(1) Draw the precedence graph for the read B

schedule. (3 points) write C
(2) Is the schedule conflict serializable? read A

Why? (2 points) read C
(3) Is it possible that the schedule is write A

generated by the 2PL protocol with lock read A

conversions? Explain. (5 points) write C
(4) Which conditions should be satisfied if write B

we want the schedule to be recoverable? read B

(3 points)

Answers of Problem 7:

(1)

c

72— —()p
PPN : B4 R REGEREIR, B4 10, &XE 3
()

The schedule is conflict serializable, as the precedence graph is acyclic.

ol ZRERS 10, BRERS 1S, SRERAES
(3)

It is possible that the schedule is generated by the 2PL protocol with lock conversions.

Lock-S, (C
read €
Lock-S (B,
read
Upgrade (C
write
Lock-X; (A
read A
UL (C) Lock-S, (C
read
rite A
Lock-a(A W(At)
rea Upgrade (C)
write C
Upg.r?de (B
fl
4 (AaeB) Lock-S, (B
read
UL (B, C)

TEogiN: SRIERS 14, RERLEMS 4 7, BECTFRE, RUBBHRAS



a0, GRERAES
(4)

T1 must commit before T3 does.
T2 must commit before T1 does.
T2 must commit before T3 does.

AN BAIITIFERS 14, S04 34

Problem 8: Recovery (14 points)

Given the following log file that supports logical undo, please answer the following

questions:

(1) The system crashes just after the last log record. What are the values of B and C in the
database after system crash? (3 points)

(2) Which transactions should redo and undo, respectively? (3 points)

(3) What are the start and end points for redo and undo, respectively? (3 points)

(4) What are the log records added during recovery? (5 points)

<T, start>

<T,, B, 2000, 2050>

<T, start>

<T,, B, 2050, 2100>

<T,, O,, operation-begin>
<checkpoint {T,, T, }>

<T,, C, 700, 400>

<T, commit>

<T,, O,, operation-end, (C, +300)>
<T, start>

© 00 N O o B~ W N P

e
~ o

<T,, O,, operation-begin>

<T,, C, 400, 300>

<T,, O,, operation-end, (C, +100)>
<T,, commit>

N
oW N

Answers of Problem 8:

1)
B=2100
C=300 or 400 or 700

VAN BEERS 15, CHERSH1S, S MITESHE 245
?)

redo: Toand T, undo: T,

PRI : redo EEEHS 24, IREH 14, undo BXTES 14



3)

redo: 7-14 undo: 14-3

YRS redo. undo JRFEEEE—A 14, redo IRFS R 6-14 AT 4y, &XF
%534

(4)

<T, C, 600>

<T3, O1, operation-abort>
<T,, B, 2050>

<T,, abort>

WM. #0114, BH—AME 15, SRA 54



2022~2023 FFEESFHIEHERFRAIREIN ([O12F)
—, #IFE (B3 5, H8/)

1. WTFUTEXR—1E

create table course (
course_id char(2) primary key,
credit int,
prereq_id char(2),
foreign key prereq_id references course(course_id)
on delete cascade
on update cascade

DE
Hp BT EuE:
course_id credit prereq_id
11 2
22 4 11
33 3
44 3 22
55 4 22
66 3 33

fiZR LTI SQLIERE, RE—RETRENERE:

(1) insert into course('77', 4, '11');
(2) delete from course where course_id = '11';
(3) update course set course_id = '"11' credit = 2 where course_id = '33"';
(4) select count(*) from course where credit > 2;
A1
B.2
C.3
D.4
2. XTFNE—RRPENHIZK course, YT SQL EFKESR]:
select cl.course_id, cl.credit, c2.course_id, c2.credit

from course as cl, course as c2
where cl.prereq_id = c2.course_id and cl.credit = 4 and c2.credit > 2;

THXREREGFRIANHES LE SQL EMEGRENNE: (XEEHIAERERICTE T, 57— 1EFREH)
A. Hchourse,id, cl.credit, c2.course_id, c2.credit (0l credit=4 A c2.credit>2(Pc1 (cOurse) >< pea(course)))
B. T 11 course.id, cl.credit, c2.course.id, c2.credit (T cl.credit=4 A c2.credit>2 A c1.prereq_id=c2.course_id (Pc1 (course) x pcz(course)))
C. Hcl.course,id, cl.credit, c2.course_id, c2.credit (01 prereq_id=c2.course_id (Pe1 (Tcredit—a (cOurse)) X pea(Teredit>2(course))))
D. Hchourse,id, cl.credit, c2.course_id, c2.credit (0l prereq_id=c2.course_id (Pc1 (Tcredit—4(course)) x Hcourse,id, eredit (P2 (T credit>2 (course) ))) )
3. XHEIR(AB,C,D,EF) EBREUKEIKR {A->B, B->C, C->B, D->E, D->F}, THIEIMFRBIZRKAENAHRLENZ
A. AC

B. AD


af://n0
af://n2

C. AE

D. AF

4, REUKITES(A->B, A->D, BC->E, AC->DYNIENBER (XIEZELICTAET)
A. {A->BDE, BC->E}

B. {A->BD, ABC->E}

C.{A->BD, C->E}

D. {A->BD, BC->E}

5. KE A £5 20,000 KR, WTXREABIFRBIEET B+ERS. 81 BHUTRATA/NE 2KB, 81 BHIRNBERANE
32B, SMEHAIA/IVESB. ERXENBENEREESTE 5 MR, NIERERRFHEE

A. 4 seek + 8 transfer
B. 4 seek + 9 transfer
C. 5 seek + 8 transfer
D. 5 seek + 9 transfer

6. XE r £E 50,000 £iEx, SMLEATLUSH r A 200 KIEH; XFH s £F 20,000 FKiExE, SMRETUSM s £ 50 5
BR. EAERBASHRAER T, X rfls #{T hash join BIFHELA

A. 1950 transfer + 1350 seek

B. 1950 transfer + 650 seek

C. 3300 transfer + 1350 seek

D. 3300 transfer + 650 seek

7. REFr 530,000 &Sk, SMREFTLAYN 200 FIicR. & r PIRERE DHTHESK, WRERIERNANGA
A1

B. 20

C. 1,500

D. 30,000

8. ETFEMHBUTIRIF, lock-S(A)FRTE A NI EHZR, lock-X(B)ZRE BINEER. (XEGZHIFITIHEIERICTET, 57—
TETZH)

™ T2 T3
lock-S(A)
lock-X(A)
lock-X(B)
lock-X(B)
lock-S(C)
lock-X(C)

T EERSHITIR, TIRGEIERIR:

A THIARRB e

B. itRIPAETEH], T1 ESHF T2 IR T2 BESRF T1 mid

C. i RIhETEH, T2 345 T3 IEMAYERT T3 thiEZRRF T2 Hid

D. LRI BEZE, T2 5 T1 M8, T3 S5 T2, 71 2355 73 1l

=, HlinE (BfE245, He®)

1. FERAEIT DR A=ER, BoBRRHREN.


af://n108

2. EESMEETHEART, RIIFHEIEIGRTEES.

3. EHBIZSIRAHR, ATRHESEFE, TS EEREIRRZS.

A EERIR TR TIRARM P LI RIRSARIEROTTE, FILURSARIEIIZ R R,
5. B35 [ ERRIEEE SR IRFERR.

6. TNREET 2PL FAERIERE, ATRERILARMITIN=4E.

=. SQLiEf (16 43)

XTI TEMAIKRREL

user(userlD, name, gender, age, group_name)

followship(userID, followerID)

SHALBH T TEIRR SQLIED:

(1) EEFRFESEEMERRELE (group)

(2) &if userlD J3'1001HFBFRBEREERIER

(3) BEHETMRRRZHIEE

(4) BEEEHRA'gameWEHALTIBREE (follower) HEBETZEETHREAFEREHENFIENRF.

M. #EREZT (16 93)

(1) BRELTRR, PRFARTIUIFEIRI ER

o B EFEHERF ID. BRE. ERMERRES

o BMITHRERMIRITHAIER, EARRSMIES. BURITIKS, N8, BNFEREENIRITHESHES ID

o MTHESHERTI, RTINS SFE. I, #A

o BNRAFHULIUTR T, ITRESESAFER. IMTITHER. ITRAERE., RITIHIHE. Bints. PIRS
o IR{TERERF AL IRITH I TIFN

(2) 15555 1 [EHRITRY E-R EIRRACAREE, FHERERIME

h. #H&iEH (843)

XTUTRIREFS: (EEFEMAIFINCTET, FHRE T — M MIEEETFZH)

ri(A) w2(A) w2(B) w3(A) rl(A) w3(B) r4(c) r4(B) w5(C) w5(B) r3(C)

i Bepri(0) FRE5S5 Ti XWEWE 0 BHTIERE, wi(0) FTES Ti XWEHE 0 BHTSIERME,
(1) BB FFIE S ESAIRIRKE

(2) FINX—15EF7I B EIRsA BT ARIER

(3) FmX—EF7 R E T LA RSN EF AR R

7~. ARIES IREHE (12 43)

QIR ARIES BE:  (BEFEMAIATGICTET, XEST—1ETEHI)


af://n122
af://n131
af://n145
af://n152

8001: <T1, begin>

8002: <T1, 3025.1, 20, 40>
8003: <T2, begin>

8004: <T2,2628.2, 55, 555>
8005: <T3, begin>

8006: <T3, 2628.1, 30, 60>
8007: <T2, commit>

8008: <checkpoint>

Transaction LastLSN
T1 8002
T3 8006

PagelD | PageL SN | RecLSN
3025 8002 8002
2628 8006 8004

8009: <T4, begin>

8010: <T3, 2628.1, 60, 90>
8011: <T4, 6601.1, 30, 40>
8012: <T3, 2628.2, 555, 550>
8013: <T1, commit>

8014: <T4, 6601.2. 20, 30>

SHAESIETHRIINZIBERERAYICSR
BMITEN—ZBEITA
ShHkEIERENNAE

(4) IRETTELEHRSS, 6601.1F02628 2H9ED IR S D

+. Buffer Tree (12 93)

Buffer Tree 2—MS{LILAIZRS 55K, BITE B+IHOE MR RHEIN—RENX,
LBHTRENEFRERHR, RNNERSEBAIRESA Buffer Tree (R RAVE TR,
LR R RS AR :

(1
(2

— ~

3

~

[30][50]] [[22]8 ] ool I flos[ |

U3oflaofl [|  [Isofleof|7of}  [[solfool[ [} [frooffr1off ]

(1) WXZRFEEEIAKT 30, ANF 50 B9E(E, ZIBHPEEZ DN RIRIAIE?
(2) EZPRORIBEA=MEE: 38, 92, 28, IBEIHZIKIENRIEZ/GH Buffer Tree,
(3) EF (2) HAYENERED, BRENESOTREIER?


af://n159

1. Multiple Choice Questions (single answer, 12*3 points)

(1)
For the table student(id, name, age, gender, dept_name), and the
following query:
select s1.id, s2.id
from student s1, student s2
where s1.dept_name=s2.dept_name and s1.age<18 and
s2.age>28,

What algebra expression is not equivalent to above query?

(A) Ils1.d, s2.id (O s1.dept_name=s2.dept_name A s1.age<18 A s2.age>28 (Ps1 (Student) X ps2
(student)))

(B) Ilst.id, s2.id (Ost.age<18 A s2.age>28 ( pst (Student) Mps2 (student) ) )

(C) Ist.d, s2.id (O s1.dept_name=s2.dept_name (Cage<1s (ps1 (Student) ) X & age>28(ps2

(student) ) ))

(D) Hs1.id, s2.id(G s1.dept_name=s2.dept_name ( (Gage<18 (ps1

(student) ) ) X Hid, dept_name(Gage>28(p32 (Student) ) ) ) )

(2)
The table r (pid, qid) is defined as following:
create table r
( pid char(2) primary key,
qgid char(2),
foreign key (qid) references r
on delete cascade
on update cascade );

An instance of ris as following:



pid | qid
11

22 |11
33 |22
44 | 22
55 |11

Executing the following SQL statements one by one:
a) insertinto r values (‘11°,’55’);
b) delete from r where pid=‘22’;
c) update r set pid= ‘22’ where pid =’11’;
d) select count(*) from r where qid="22’;

What is the result of the statement d) above ?

(A) 1 (B) 2 (C) 3 (D) 4

(3)

The functional dependency set F={A->B, B>C, A>CD, BD->C } holds
on the relation R(A, B, C, D, E).

What is the Canonical Cover of F?

(A) F={A>BCD, B>C,BD~>C}

(B) F={A>BCD , B>C}

(C) F={A->B, A->D, B>C}

(D) F={A->BD , B>C}

(4)

The functional dependency set F={A-> B, B> CD} holds on the relation
R(A, B, C, D, E).

What decomposition of R is not dependency preserving?

(A) R1(B,C,D) ,R2(A,B), R3(A,E)

(B) R1(A,B), R2(A,E), R3(B,C,D)

(C) R1(B,C), R2(B,D), R3(A,B),R4(A,E)

(D) R1(A,B), R2(A,C,D), R3(A,E)



(5) Which statement about data storage is incorrect?

(A) LRU is the most suitable replacement strategy for buffer manager in
any cases.

(B) For heap file organization, records can be placed anywhere in the
file where there is free space.

(C) If the needed block is not in the buffer, the buffer manager will
replace some other block, if required, to make space for the new
block.

(D) The system catalog of a database stores metadata, such as

Information about relations.

(6) What is not the benefit of column-oriented storage?

(A) Reduced IO if only some attributes of a relation are accessed

(B) Improved CPU cache performance when a query processor fetches
the contents of a particular attribute

(C) Reduced cost of tuple deletion and update

(D) Improved compression of data of the same attribute

(7) Which statement about index is incorrect?

(A) Indexing mechanisms are used to speed up access to desired
data.

(B) Range query returns records with an attribute value falling in a
specified range of values.

(C) In a dense index, index record appears for every search-key value
in the file.

(D) Secondary index is an index whose search key specifies an order

same as the sequential order of the file.

(8)

Assuming the height of the B+-tree index on the table student(ID) is 4.
Considering the query: select * from student where 1D="2020160008",
the estimated cost for evaluating above query using the Index Scan

algorithm is:



(A) 4 block transfers + 4 seeks.
(B) 5 block transfers + 5 seeks.
(C) 3 block transfers + 3 seeks.

(D) 5 block transfers + 4 seeks.

(9)

Assuming the table r has 160 blocks, and buffer memory size is 10
blocks. In the process of sorting r with the External Merge Sort
algorithm, 2 buffer blocks are allocated to each input run and to the
output run, and the sorted result of the final pass is written back to
disk. The estimated cost for sorting r is:

(A) 800 block transfers + 272 seeks.

(B) 800 block transfers +512 seeks.

(C) 960 block transfers + 352 seeks.

(D) 320 block transfers +2 seeks.

(10)

Assuming the table r and s has 256 and 1024 blocks respectively. Each
block has 4K bytes. To do natural join r and s with the Hash Join
algorithm, what is the approximate minimum memory needed to avoid
recursive partitioning?

(A) 64K bytes (B) 128K bytes (C) 1M bytes (D) 2M bytes

(11)

What equivalence rule of the relational algebra is incorrect?
(A) 0o1(062(E)) = 062 (001(E))

(B) oo (E1 U E2) = oo(E1) U E2

(C) (E1 < E2) < E3 = E1 < (E2 X E3)

(D) (E1UE2)<E3= (E1<E3 )uU (E2 1 E3)

(12)
There are following assumptions about the table instructor and

teaches:



* The number of records in instructor is 4000.
*  The number of records in teaches is 8000
*  The number of distinct values of dept_name in instructor is 20
* The value of salary in instructor is between 10000 and 90000.
Please estimate the size returned by the following query:
select * from instructor natural join teaches on ID
where dept_name='CS and salary >=70000;
(A)25 (B> 50 (C) 100 (D) 200

2. SQL query(16 points, 4 points per part)
Consider the following relational schema in a university:
course (course-id, title, department, credits)

prereq(course-id, prereqg-id)

Write SQL statements to answer following queries:

(1)What course in CS department has the most credits?

(2)What department offers the most total credits of courses?

(3)Are there any courses with the same title?

(4)Calculate the number of times of each course being the prerequisites

for other courses.



3. Database Design(16 points)

Every year scientist submit papers to various academic conferences. After

peer review, a part of papers could be accepted and posted at the

conferences. A database for a simplified Conference Management System

(CMS) must be able to keep track of conferences, paper submissions and

paper reviews.

* CMS maintains profile for each user: ID, password, name, and email.

* Users have multiple roles: author and/or reviewer, etc.

* An author includes a set of research subjects. A reviewer includes an
experience level.

* A conference includes conference ID, title, date, and city.

* A paper could be submitted to only one conference. Information of
paper submission includes paper ID, title, abstract, submit date,
status (i.e. accept, reject), and a file name of paper full text.

* Every author of a paper submission must contain rank, affiliation, and
email.

* A paper submission could be reviewed by several reviewers.
Information of review includes rating and comments.

(1) Please draw the E-R diagram for CMS database.

(2) Transform the E-R diagram into relational schemas.

4. Two-phase locking Protocol(8 points)
Please give a schedule with three transactions and at least a pair of
conflict operations, to illustrate that the two-phase locking protocol is not a
necessary condition for conflict serializability. The schedule should include

read, write, lock, and unlock operations.



5. Aries Recovery Method (12 points, 3 points per part)

A DBMS uses Aries algorithm for system recovery. Following is a figure of

a log file after system crashes. The log file consists of 15 log records with

LSN from 2001 to 2015. Assuming that the last completed checkpoint is

the log record with LSN 2011.

(1) When the Analysis Pass is complete, what is the contents of the
DirtyPageTable?

(2) Which transactions should be undone?

(3) After recovery, what values are the data items identified by “5001.2”
and “5002.2”?

(4) After recovery, what additional log records appended to the log fie?

2001: <T1 begin>

2002: <T2 begin>

2003: <T1,5001.1,11, 111>

2004: <T2,5001.2,22,222>

2005: <T3 begin>

2006: <T3,5002.1, 33,333 >

2007: <T4 begin>

2008: <T2 commit>

2009: <T4,5001.2,222, 444 >

2010: <T1, 5002.2, 55, 555>

2011:
Txn LastLSN
T1 2010
T3 2006
T4 2009

PagelD PageL.SN RecLSN

5001 2009 2003

5002 2010 2006

2012: <T1 commit>

2013: <T3,5002.2, 555, 666>

2014: <T4,5003.1,77,777>

2015: <T3 commit>




6. LSM-Tree index (12 points, 4 points per part)

Following is an example of a variant of the LSM tree which has multiple
trees at each level. LO is a B+-tree index at main memory. When LO tree

reaches its maximum size (i.e.13 blocks), it is written to disk as Ly atlevel

0 using only sequential I/0O operations. L{ is another B+-tree index that has
been written to disk at level 0 using only sequential I/O operations. When
the number of B+-tree indexes at level 0 reaches its upper limit (i.e. 2), all

the trees Lo and L§ are merged together into one combined new B+-tree at
disk as L1 at next level 1: the leaves of Ly and L§ are read sequentially,
and the keys merged in sorted order, and the B+-tree Li at level 1 is
constructed using standard techniques for bottom-up construction of B+-
trees. For the sake of the exam, we assume the followings: (a) fan-out (n)
of B+-tree is 3, (b) node size of B+-tree is the same as block size, (c)
buffer space is big enough to load all leaf nodes of Ly and L§
simultaneously .

(1) Please estimate block transfers and seeks that are needed to write Lo.

(2) Please estimate block transfers and seeks that are needed to lookup
an index entry at leaf nodes by first searching the B+-tree at main

memory and then searching the B+- trees at the level 0(i.e. Lt and L3

(3) Please estimate the block transfers and seeks that are needed to
construct L1 by merging Lt and L§-

_—

L 1325 |

13 16 25 28

28 30

13 |\»4 > 79 (» 1012 1315 Ly 16 20 25 >
LO : B+-tree at main memory
L} : B+-tree written to disk (level 0)
L 21 32 |
511 21 I24 32 34
! / l \ / \
02

- 5 8 1 11 > 1719 || 2122 (B 24 » 2931 | 3233 |p 3435

L3: B+-tree written to disk (level 0)




Answers of problem 1:

Please fill the right choice into the blank for each question.

M@ | @ @G (6 7 (@B @©) @) 11)|@2

Answers of problem 2;




10

Answers of problem 3:




11

Answers of problem 4:
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Answers of problem 5:

Answers of problem 6:




Answers of Problem 1(&/MN3i 3 43)

M| @ | @ | @] ®6 | @© | 7] @ @O |00]11)] (12

B A D D A C D B C A B Cc

E 9) NEFEA L2 4

Answers of problem 2(&/M&i 4 41)
(FFt —EEBGE X, #11 )
1)
select * from course

where department="CS’ and
credits =( select max(credits) from course where departmet="CS’);
P
select * from course
where department="CS’ and
credits >=all ( select credits from course where departmet="CS’);
P
select * from course
where department="CS’
order by credits desc
limit 1;

2)

select department

from course

group by department
having sum(credits)>=all( select sum(credits) from course group by department);
P

select department

from course

group by department
order by sum(credits) desc
limit 1;




3)

select title

from course C1

where exists (select * from course C2 where C2.title=C1.title and C2.course-id !=
Cl.course-id)

By

select Cl.title

from course C1, course C2

where C1.title=C2.title and Cl.course-id!= C2.course-id;

&
select Cl.course-id, C2.course-id, C1.title

from course C1, course C2

where C1.title=C2.title and Cl.course-id!= C2.course-id;

By

select title

from course
group by title
having count(*)>1;

4)

select course.course-id, count(*)

from course, prereq

where course.course-id= prereq. prereg-id or course.course-id not in
(select prereqg-id from prerequisite )

group by course.course-id

P

select course.course-id, count(prereg-id) // 8% count (prereq.course-id)
from course left outer join prereq on (course.course-id= prereq. prereg-id)
group by course.course-id



Answers of problem 3.

(1) 84y

(#71" Entity B Relationship B{ Mapping Cardinality £51—4%")

conference

cid
title
date
citv

rating
comments

paper-sub

paper-id
paper-title
abstract
date
file-name
status

user
uid
password
name
email
reviewer author
level {subject}
write
rank
email
affiliation

reviewer il author 4.3, BB level Fl {subject} & F-Z user 1, X7,




conference user
cid uid
title password
date name
city email
] level
rating {subject}
comments
paper-sub
paper-id _
paper-title vrite
abstract
date
file-name rank
status email
affiliation
(2) 8747,
(£24> relation £5#11 4)

user(uid, password, name , email)

*author(uid)

author-subject(uid, subject)

reviewer(uid, level)

conference(cid, title, date ,city)

paper-submission(pid, title, abstract ,file-name, status, date, cid)
write(uid, pid, rank, affiliation, email)

review(pid,uid, rating, comments)

9

user(uid, password, name , email, level)

author-subject(uid, subject)

conference(cid, title, date ,city)

paper-submission(pid, title, abstract ,file-name, status, date, cid)
write(uid, pid, rank, affiliation, email)

review(pid,uid, rating, comments)




Answers of problem 4:

HHIES /5724 4
U B77F 2PL( 4715 { precedence graph . L ELT B FF2 &
BT RE (s H—1E0ETEE) . 172 4.

JHPTTE B eX 1 18/ B 70 it B 1.5 -
T EER AT
T T2 T3
lock-x(A)
write(A)
unlock(A)
lock-x(A)
write(A)
unlock(A)
lock-s(B)
read (B)
Unlock(B)
lock-x(B)
write(b)
unlock(B)

T1 doesn’t follow 2PL.
The precedence graph is following

T3

T1

T3

T1 doesn’t follow 2PL. But the schedule is conflict serializable.
The serial order is T12T22>T3, or T12>T32>T2



Answers of problem 5: (£:/MN& 3 )

1)

PagelD PagelLSN RecLSN

5001 2009 2003

5002 2013 2006

5003 2014 2014
(FE—1r#11 %)

1) T4

2) 5001.2: 222

5002.2: 666
(BE—1H11 %, #EF1H13 4D
3) 2016: <T4,5003.1, 77>
2017: <T4,5001.2, 222 >
2018: <T4, abort >
(HE—1#11 7)

Answers of problem 6 (&/N& 4 43)

(1) 13 block transfers + 1 seek

(transfers . seek 5% 7#72 4)
(2) (0+3+6)/3=3, 3 block transfers + 3 seeks

(transfers . seeks ##5#12 %)

SR =LA Ot th 27
= O R ATHT 1
(3) The size (number of nodes) of is (30/2)+15/3+5/3+1 = 15+5+2+1=23_( 1 4")
9 block reads + 1 seek forreading . _(1 )
9 block reads + 1 seek for reading a4
23 block writes +1 seek for writifg a4

Total cost to construct 1 is 41 block transfers and 3 seeks.



1. Single-choice Questions (24 points, 3 points*8)

1.1. The table course(id, credit, pre course id) is defined by the following SQL

statement:

create table course(
id char(2) primary key,
credit int,
pre_course_id char(2),
foreign key(pre_course_id) references course(id)
on delete cascade

on update cascade

);
There is an instance of the course table below.

id credit pre_course_id
11 4

22 2 11

33 3

44 1 22

55 4 22

66 3 33

Executing the following SQL statements one by one:

1) insert into course values ('77', 4, '22');

2) delete from course where id ="11";

3) update course set id ='11" and credit = 2 where id ='33';

4) select count(*) from course where credit > 2;

What is the result of the statement 4) above?

(A1l (B) 2 ©)3 (D)4

1.2. Consider the table course (id, credit, pre_course id) and the following query:
1/11



select cl.id, c2.id
from course as cl, course as c2

where cl.pre_course_id = c2.id and cl.credit=4 and c2.credit>2

Which algebra expression is not equivalent to above query?

Wy o (1 =1 2010 ) 0 )
B) My 2 ( 1 =2 1 =4 1 o ) x o( )))

ONy 2 (2. 22 (2 W€ Dx
. w220 )

Ny 2 (1 22 (C1 = )

n . (1 =C20 )

1.3. For relation schema R (A, B, C, D, E, F) with functional dependencies set F = {A->B,
B->C, C->B, D->E, D->F}. Answer the following questions:

Which of the following ones is the correct candidate key?

(A) AC

(B) AD

(C) AF

(D) AE

1.4. The function dependency set ={ - , - -, - }

What is the canonical cover of F?

@ ={ - . -1}
®» ={- . - 1}
© =1 -, -}
® ={ - . -1}
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1.5. Suppose there is a relation » with 20000 records on which a clustering B*-tree index
is constructed on a non-candidate key. Each B*-tree node has a maximum size of 2048
bytes. Each search key occupies 32 bytes, and each pointer occupies 8 bytes. A selection
operation is performed by scanning the B*-tree index, where the selection condition
specifies an equality comparison on the search key. 5 blocks contain records that match
the specified search key. In the worst case, how many seeks and block transfers are

required for the selection operation?

(A) 4 seeks and 8 block transfers
(B) 4 seeks and 9 block transfers
(C) 5 seeks and 8 block transfers

(D) 5 seeks and 9 block transfers

1.6. There are two relations r and s to perform hash join operation. The relation r has
20,000 records, and each block can store 50 records of r. The relation s has 5,000 records,
and each block can store 20 records of s. Assume s is the build input. There is no
recursive partitioning. A hash function is used to partition r and s into 10 partitions,
respectively. Here, two buffer pages are available for each partition during the hash
partitioning phase. Please estimate the seeks and blocks for the hash join operation?

(A) 1950 transfers, 650 seeks

(B) 1950 transfers, 1320 seeks

(C) 3300 transfers, 650 seeks

(D) 3300 transfers, 1320 seeks

1.7. Suppose that a table with 30000 records is stored in a file, where each file block
holds 200 records. A selection operation is performed, where the selection condition
specifies an equality comparison on a candidate key. What is the estimated size of the

result?

(A) 1 (B) 150 (C) 200 (D) 30000

1.8. The following table shows some lock requests made by three transactions, T1, T2,
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and T3. Lock-S and Lock-X stand for “shared lock™ and “exclusive lock”, respectively.

At this time, no granted lock is released.

T1 T2 T3
Lock-X(A)
Lock-S(B)
Lock-X(B)
Lock-X(C)
Lock-S(C)
Lock-X(B)

Which of the following statements is correct?

(A) There is no deadlock.

(B) There is deadlock, because T1 is waiting for T3, and T3 is waiting for T1.
(C) There is deadlock, because T2 is waiting for T3, and T3 is waiting for T2.

(D) There is deadlock, because T1 is waiting for T2, T2 is waiting for T3, and T3 is
waiting for T1.
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2. True or False Questions (12 points, 2 points *6)

2.1. It is always possible to losslessly decompose a relation into relations in Third Normal

Form and the dependence is preserved. (True or False)

2.2. Column storage performs better than raw storage in transaction scenarios where data

needs to be updated frequently. (True or False)

2.3. When creating a secondary index, if we want to reduce space overhead, we can use a

sparse index with one index entry per data block. (True or False)

2.4. Index scan algorithms always have a lower time complexity than full table scans.

(True or False)

2.5. Performing the projection as early as possible can reduce the size of the temporary

relation that are generated by joining two relations. (True or False)

2.6. Schedules, which are impossible under two-phase locking, can be possible under the

tree protocol. (True or False)
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3. SQL query (16 points)

Consider the following relational schema in the social network:

user(user_id, name, gender, age, group_name)
followship(user_id, follower_id)

The underlined attributes are primary keys, and foreign keys are listed as follows:

The “user_id” and “follower id” of followship both references the “user id” in the user
table

Write SQL statements to answer the following queries.

(1) Write the SQL statement to find the groups (without redundancy) that have male
users.

(2) Find the people that are the followers of the user with id "1001" and is older than 18.
Output their information including user id and name.

(3) Output the group(s) that have the most female users. Note that, if there are multiple
groups satisfying the condition, output all of them.

(4) In the "game" group, identify users whose number of followers is greater than the
average number of followers of users in the "game" group. Output their information
including user id, name, and the number of followers
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4. Database design (16 points)

This year, the tourism industry is recovering. One popular way to plan trips is to use
online travel websites like Tuniu and Xiecheng. To do this, the database of travel websites
needs to keep track of information about travel agencies, travel plans, and users.

>

(1)
2

The database stores basic information about each user, such as user’s ID, password,
name, and telephone number.

For each travel agency that wants to sell the travel plans, it must upload its name,
the legal person’s ID number (% A # 17 iE 5 ), the bank card number of the
corporate account (% /A ik & 47 4T & ), and its location. The travel database would
also allocate each agency an ID for identification.

Each travel agency can issue different travel plans and specify the information of the
title, the total hour, the description of the travel, and the price.

Each user can order the required travel plan according to his preference. The order
information, such as the order ID, the user ID, the travel plan ID, the amount
purchased, the total price, and the order time.

After traveling, the user can rate the travel agency, and the travel database should
record these rating scores.

Please draw the E-R diagram of the travel database.

Transform the E-R diagram into the relational schemas and specify the primary keys
and foreign keys of these relations
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5. Concurrency Control (8 points)
Consider following schedule S with five transactions T1, T2, T3, T4, and T5:
S: rl(A) w2(A) r2(B) w3(B) w3(C) r1(C) w4(B) r4(D) w5(D) r3(D)
where: ri(X) means transaction 7i read data X.
wi(X) means transaction 7i write data X.

(1) Draw the precedence graph of S.
(2) Explain whether S is serializable.

(3) Explain whether S could be generated by the two—phase locking protocol.
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6. ARIES Recovery. (12 points)

Suppose a DBMS uses the ARIES method for crash recovery. You are given part of the
log file at the time of a system crash, where each log record may contain the transaction
ID, the page ID and slot number, the original value, and the updated value.

8000: <T1, 6421.1, 10, 20>
8001: <T2 start>

8002: <T3 start>

8003: <T2, 3462.1, 30, 40>
8004: <T3, 7923.1, 50, 60>
8005: <T2, 3462.1, 40, 70>
8006: <T1, 6421.1, 20, 80>

8007: <T3 commit>
8008: checkpoint

DirtyPageTable
Active Transaction Table PagelD PageLSN | RecLSN
TXN LastLSN 3462 8005 8003
Tl 8006 6421 8006 8006
T2 8005 7923 8004 8004

8009: <T4 start>
8010: <T4, 5235.1, 60, 90>

8011: <T1 commit>

End of log at crash

Suppose that the PageLSN of each page on disk is less than 8000. Given this information,
answer the following questions:

(1) During the analysis pass, what record is added to the DirtyPageTable?
(2) Which log record is the first to be redone in the redo pass?

(3) What log records should be appended to the log file during recovery? For CLR
(compensation log records), you should provide the transaction ID, the page ID and
slot number, and the original value (i.e., the value to be recovered).

(4) After recovery, what are the values of locations 3462.1 and 6421.1, respectively?
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7. Buffer Tree. (12 points)

A buffer tree is an index structure that performs updates lazily to save I/O operations. In
this question, you are given a simplified version of buffer tree with the following
properties:

i. Each non-leaf node consists of a B-tree node with a max fanout of 4, and a buffer
that can hold up to 2 items (i.e., index entries). Meanwhile, each leaf node is a
regular B*-tree leaf node that can hold up to 3 items.

ii. When an item is inserted, it is first inserted into the buffer of the root node. (We
assume that the root node is not a leaf node.)

iii. If a node’s buffer is overfull (i.e., contains more than 2 index entries), the following
procedure is performed:

a. If the node is an internal node, the items are pushed down to the appropriate
buffers of child nodes one level below. After all the items are pushed down, if
any of the children has an overfull buffer, apply this procedure recursively.

b. If the node has leaf nodes as children, move the smallest item from the buffer
to the appropriate leaf node. If the leaf is overfull, split it in the usual B*-tree
manner. Then repeat this step until no item is left in the buffer.

Below is the content of the buffer tree.

buffer
——
ol I |
/ \ non-leaf
nodes
[Boflsof[_1l22]s | oof| [ flos| |

[l [ ol -{sollsool>sol[so]l o] ) | esrvooe:

Answer the questions below.

(1) For a range query from 30 to 50 (both inclusive), how many index nodes are
accessed? Explain the procedure.

(2) Provide a diagram of the buffer tree after inserting 38, 92, and 28, in that order, into
the buffer tree.

(3) Assume that each buffer tree node (with the optional buffer) is stored in a disk block.
The root node is cached in memory, so it is excluded from the following calculation.
How many blocks are modified for each insert operation in question (2)? If a block is
created, count it as a modified block.
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1. Single-choice Questions (24 points, 3 points*8)
Answer
A A B DDA AAC
2. True or False Questions (12 points, 2 points *6)
Answer
T F F FTT

3. SQL query (16 points)

(1) select distinct group_name
from user
where user.gender = ""male'';
B S IWSRNMI—7, Wik S malest . distinetiX 5
(2) select user.user_id, name
from user, followship

where user.user_id = followship.follower id and followship.user_id = "1001"
and user.age > 18;

44y, where PN WM —5, selectflfrom T5) 5 X —47,
selectFuser_id¥fa R A1 — 475

where HjoinZk {5 £ 41— 435

(3) EVEAE AES . RS, WS femaleZk . group by2k 5. HEZ
HmaxpfE (MiA 25 fEselect LD limit 13— 4

select group name
from user

where user.gender = ‘female’



group by group_name

having count(user_id) >= all (
select count(user_id)
from user
where user.gender = ‘female’

group by group name);

o
select group _name
from user
where user.gender = ‘female’
group by group name
order by count(user_id) desc
limit 1;
XA BB R, By R TSR, SERRATREA A, KX AR )
g Fwith 7]
with T(group_name, female count) as (select group_name, count(user_id)
from user
where user.gender = ‘female’
group by group name)
select group_name
from T

where T.female count = (select max(female_count) from T);

4

EEAE B . WS —5r, S gameZk . group byZ& - 545 joingk
S%ﬁ\ B Savg A4l (WﬁT%%Eselectiﬁ)\ limit 1#0—%3

select user.user_id, name, follower_count
from user, (select user.user_id, count(follower_id) as follower count

from user, followship
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where user.user_id = followship.user_id and user.group_name = ‘game’
group by user.user_id) as T

where user.user_id = T.user_id and T.follower_ count > (select avg(follower_ count)
from T);

with )R

with T(user_id, follower count) as (select user.user_id, count(follower _id)
from user, followship
where user.user_id = followship.user_id and user.group_name = ‘game’
group by user.user_id)

with R(avg_follower_count) as (select avg(follwer count) from T)

select user.user_id, name, follower_count

from user, T, R

where user.user_id = T.user_id and T.follower_count > R. avg_follower_count;

FH -

select user _id

from user natural join followship

where group name = ‘game’

group by user_id

having count(follower_id) >= ((
select count(follower-id)
from user natural join followship
where user.group _name = ‘game’) /

(select count(*)

from user

where group name =’game’));

4. Database design (16 points)

Answer
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(1

rate
user agency
uid aid
password @ legal person_id
name bank card number
telephone number location
plan
amount Iﬂ
total_p?lce order title —————< issue
order time total hour
description
price

il F

FFANSEZAR (users agency. plan). % (rating (2 X Z %, order (Z I LKA,
issue 12X 2K R, rating Fl order X RATAE LB MHES —7, 38 43

"SI E )

KAMAIRBERE, HREE R RSBk,

& order Ml rating FANE X LR AT UGN —XHNEZRER, I EZRATHE
TR IT M IER (81— SEAAD .

(2)

The relational schemas are as follows.

user(uid, password, name, telephone_number)

agency(aid, legal person ID, bank card number, location)

travel plan(pid, title, total hour, description, price, agency ID, issue time)

order(oid, user ID, plan_ID, amount, total price, order time)

rating(user_ID, agency_ID, rate)

The primary key of each table is underlined. (rating 3 41 R A F M ML 5, IMES
I BT

The foreign keys are as follows:

the agency ID of the travel plan table references the aid of the agency table
the user ID of the order table references the uid of the user table

the plan_ID of the order table references the pid of the travel plan table

the user ID of the user table references the uid of the user table

the agency ID of the rating table references the aid of agency table

e UE

. _;H;“ 8 éj\

® user fll agency K IEH, H%—4r

® travel plan KIEH, TEANEME—7, HME—7:
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® order KIEMH, FHAMEME—, SMHE—
® rating FRIEHH, FHMEME—, SME—

BETE RN B3 4y BHIEEE create iEH) M AN /Z schema 31 1 45

5. Concurrency Control (8 points)

Answer

TAYA

VAN BRI % AT 1 Gy, AR 3 5

(2) S isnot conflict serializable, because there are cycles in the graph :
T12T:2T:2>T

T42> Ts2> T3> T4

TI2T2T42Ts2>T: 2> T

PRI A SRAERRAN 3 2, AR DIME NS, eXtsy 3 0 BRI 2.
(3) No, because every schedule generated by 2PL is serializable. :

VRSN B REHRIN 2 4, BRIy, X2 4

6. ARIES Recovery. (12 points)

Answer:

(1) (5235, 8010, 8010). Log 8010 modifies page 5235, which should be added to the
DirtyPageTable.

T bRdE: 2 73

(2) 8003, which is the smallest RecLSN in the DirtyPageTable.
PR bR 2 43

(3) <T4, 5235.1, 60>, <T2, 3462.1, 40>, <T2, 3462.1, 30>.

The active transaction table after the analysis pass contains T2 and T4. The related update
records should be redone.

PErbRdE: 490, S5 3 AR 140 <T2,3462.1, 40>7E<T2, 3462.1, 30>Ri 5 1
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Sy BEG A5
(4) 30, 80. Location 3462.1 is modified by T2, which is undone. Location 6421.1 is

modified by T1, which is committed.
VAR 455, 1424

7. Buffer Tree. (12 points)

Answer:

(1) 4. First, an equality search on 30 requires accessing the root node, the leftmost node
on the second level, and the second leaf node on the left. Then, one additional leaf node
needs to be searched to collect all items from 30 to 50.

VRO FRAE: BEEXNE 1 7, BRREHEY 2 0 BRI range query B2 ) 2%,
AT AR50,

)

R B E SR, R buffer L, CETEGER R

buffer
—

lsol I I [ ]

non-leaf
nodes

Jl2of[se][so] [ (ool o8 [52]

1318 23 3 32 ) 0 A
HRT: WL ATHERTAN TR, KRN T R0 E R E buffer B .

buffer
—

[ I ST

non-leaf
nodes

Jl20]| o] [s0[]3¢] | [ I £

s 1ol [F=tlzo][22]| [>so][4o]] —{so][eof|7ef—=][so[[o0 ][ [—froeffr1o] H}‘eafnodes

PR FRE: 6 4. B EAEM 1, B_EWATASE M1, B=EEL=
N EE N1 4y, HILEAT SN0 1 5, ek, 2B EAHIL
9 45 buffer TR F Ak 92 98, HXf. WME R, PLAARKEIS 58 =PIV,

(B) HQOANERE—, WN0,0,5 FHQPNERE=, NH0,0,4.
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T -

A Ei::3Y

38 WA BT AL buffer

92 W4 BT AL buffer

28 TEBLCE ZEMA buffer. A=/ (BEEMWA) M08, 3BT e
B, —3R s (B 4 T

PEOFRAE: 390, 11 .
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