A chh)i@ 4o YV(:JfGT‘m pPNYE
{ . Dic i/f}cj.
—7 q@-c&
> eme

L Yzecm—ol Covve
—7 (,La\f

=) «/cﬂrcblolr-

g L ?aae_ melace.wmf

thy SCL\&AALIQ

S caL
o At e

1
)

A'{g’b‘)-r't&m

ms — Ms

MT!



Disk Stmoge
¥ Leniy Geals

[ ‘g)(ﬂwfvx the. lw.ggoli thot. M\q on  DBMS  query WMLMQ

5 tHow DB ‘{E'UJA records 2
,ﬂd——"? CacL\Q_
DB Svev Hocks / fages

A
~ # Jruvel

am ——= P

A DB Queq RRFREZ ZA Do # SR sl Dee iR
-A T'}f\;/ AR IE T4 vEMs Ruy %%@aﬁ
AT A RE Redd, BR wie g

WHi Troshr dota fom  RAM & ek

48 bi/fbﬂ 5 s AR dierdd $odfed 22 424152 2

-RomJ'DM - awess  vmemory- A fAM levice  allas  tems 4o e "ZA“J-/M‘H"EQM in 7 alwese

come ot f Bwe  jwesste of  He Physicd focatim of doda.

rﬁ\dg;cal (occeton X ACcess tine

Disk = Acess  £ime Qf o clf‘S\L Joges Vvokies M'{fj on s locaton  ov J:slﬂ-_

physieal  loctin  —7  Access e

the



2AM

—h

||

N |
] 148 } /) ——  USer Fhocess ?
IR LT
S I o ol e
R dda—
A ——-
L 1] J&i 1 T

DBMSL Buflor ool

Buffer .?ao[ g [.

wie red dee dise
Yoy -
RAM
?Ms?cul 7 Acwss twe X
Cost - 4R '{‘" g R
$2-5. 277 [h
s V‘D[q{"'[it-! : ‘/
Yaq;ﬁ'ﬁe)—

To;l-ﬁion on .
T
On c|nif IR cache. CSRAM)

0{5 cLuT ).D Cacll@ CSRAM)

J

Mein  Memworsy
Y
boca|  Croondeyy  slorege

%
fete  S=c aw;l‘*\‘j ghrge

s

indegendently °\)( the oS
2. e ollotel Ly te dtdse momager

cachiay  Huble ond jadex Jotq QS

Disk—

vV
dbo o 2% hye
& T ® [bste

X

v J

CPU registers hold words retrieved from O
L1 cache

L1 cache holds cache lines retrieved from
L2 cache

10

L2 cache holds cache lines retrieved
from main memory

b0

Main memory holds disk blocks
retrieved from local disks

10,000 00d
Local disks hold files
retrieved from disks on

\remote network servers

oS

rage

0 mJ

tAraca



2. Drow the  wmeway higochy - Qhow  ahore claivbace it lepects are wot? |k

(

(&
‘3\

occtr ol were  extmsie  quchiy dske glace,

Tos\l‘t o on 1/ N }-ga(éfe)—
J

0'\ CI".'T ],_] cache CSRA M)

ou C'A'-T }2 Ceche LSRAM’)

J

Meon  Meyrary
1%

%
fete  S=c ond oKy Shrge

‘Bﬁ*l@ neck s 7.

-E;('(ek-%-"'- C‘ucL;w vvl‘e\'@ . ?

shorege.

3. Comgoments ond  Combhesf : Cost, Coprelty

\‘Q.a;“te »

J
On chir h cache CSRAM)

off ki 1o cecle ¢ SRAM

J
Mein  Memory

\
boco|  CRoonduy  storege

¥
ferde  Secandory  EPrge

Lk th“‘ﬁb %he  components C(]( o J('sl‘ CJHV&

-'A— invdle_
4 Diek Heade (Read fwrite hhead 3
$ Trocks
& Sectr
4 flattess
* AH«« AQSemH]

A4 J

CPU registers hold words retrieved from O
L1 cache

L1 cache holds cache lines retrieved from
L2 cache

|0

L2 cache holds cache lines retrieved
from main memory

b0

Main memory holds disk blocks

bOAS

retrieved from local disks
ToEe 10,000 000
Local disks ho'd files
\0 M\r retrieved from disks on

remote network servers

FAraca

omgl seed (f GCcess | ia the (aels Qf menry s l,;e»ac\(q
Ao time. seconds) Cost

o1 chesper

e
IO vl U LIoN LV ILuvc
Spindle
Disk Head Tracks
15,000 rp
:)Iy is [ g Sector
ition
&
ne
ke —
Arm M@vemgnt Flgiete
§ee
T K
Arm Assembly

ced).



other  vieus -

Surface —

Surface a

_ = fw
Spindle :, afr Acsembly

Read/Write Heads

Figure 1: Disk drive with 4 platters and 8 surfaces

Looking at a surface:

Tracks

Sector

40 A Sluten 44 B culee £ HEE heod
£ g §uply — - ek (R MR

% cglider Al drocks  pith the e Arck 4 (ke 8] i{j‘?{i—i@

AEIAE | A wssewly $8 heod BB AR T Arock t OBRE BE PGS T inder
2. O@ Me head vea / Wite ok o Ahime Lﬁ%%ﬁ@ﬂ&li‘ﬁ‘ le.‘vdm-, {ﬁ)"ﬁ—’{‘mek@i/f)

Koy oomporents : l‘Qj Celcdation  Componewts :

Head Tracks
epinale plattes & Sufoce
Trucke C\‘f\fvxol-e”"

Cectoks Sochov-

?\m{elé

IMM oféeﬂ@f

Cylimeles

:,f ~AR Cecd(oy‘g% cvellest o.oUreccUe Wi 1 o ol sk

L7 B\OCK S\‘;-C H ‘Mulk[fl‘l. R][ SeCLdr Size



Lo (xvew [J,ZQ“- E\emve*q (}\‘awl"e»&) leulste e omount cu[ Lime. 15 fokes o ‘raoi [ white
with o nambe o blocks [fages | Grode ,or cglindas o detn o [frm a oliske

3 Aca:ss time, - T|Ae, tme 4o Yexd }wlrit\ a ol:'SK fege /Uock

= Cecl Lime ( o e orm o Rositsn -{—‘/\Q. ,,L‘sr— kad Sngk oLva @ Qmﬁum Qlﬂ N;e}\ )
4
Rotational dely ¢ Wait o the cant Q]( the decred Uk = ome 4o ke TbS)l-h'I)V\EJ onder the head)
4
Tronclyr  €ime C e e it dpkes b frasmit  Letueen A{slt d DAM )

6\ é(-]/eh o{isl‘ aeometg J’iguVeS,cumTu-(e dhe Mlhfvmm,a(@ypﬁej
ol Moximum  geelk s Yofufiom and  Aronder  Gimes

o [ o dise

% Seol 4ime  vories ‘{h\m | - D0 ms
* 'Qu{u'(:CMd{ JLIC{I Vories 'JVOVI/L Q- (> nas
% Tondr Gme is deformined kY the disrt it vte ) less thon Ims [k e

L? AsSthQ« CX¥ra {P"ums{p;— +ive ¢ \nhen | Dlaeq '{1} re_quesi—e,d( DR qasses under  the (/ma_(}j
= dremsfer  kme

C"L\CDLLG'&:‘DV\ : See exawfle.

No{!’,: %7&@55& W“Wihﬂ time Ivavv\ Ct 4 c2 is )m$ 4 lms et W Cd]\'MIQtS Mb\/a{
'E“’ ovevae ek e : IVBS -+ \_l}. ‘('-'ﬁ Tofed moved  rock )

l ~
v :
may mam  2e¥ Al

Note: A\}dﬂﬂe w&,ﬁom' (a{—ewﬁ : —;-L Spin
gﬁﬁé -& % 9‘%\ l

ND{@ . ‘H’DC o Lime Jﬁ\r- a ?ﬂﬂe o ovvf L\,pﬁ

[ calcdete F secor needed Jor ghe Toge or  anghing

> Culo.la'te the Wrtiom ‘{{ e drack flat nnge) 1o G o PoR

(> | e = n Qectdys
W ¢ ectrs _ Yo cles
ol M s S vl

2. UVse X 4o wmul % RY £the hb{;ihd\ o‘e,\fj \{'jf' one ﬁm—y X- Q?I\V\ l/



/

7. Gompare ond st the  pelative s?ce,ots oa( Seek, potetrm , and Arapsfer  times — when aiccessing
o 8 iVeV\ S\'BQ IF (\J‘Gl{g LAY dISK .

Do Brlon how o lowe e, broken ujp info foges. com be sptimaly Flaced o o
Lt o imome garbrace
> fefeidinn © load o dote \efe €% needed

Lo B ppas 2 APV A BAETAA KL TEAT peforch _
L Bl ERF gey AL AT 2L foiew, 42 £ povew2 e g1 £20%
—_—

J

Bk, BT 2R BB R Bt owmc £ o dise
L Blke = file dewl be  ammged spertily o Jir Clytne | 53 (4BQ 2
aders | g wmine kol voutnd ey pefecd. 3 B o0
e da s Az e

e \i Cesk %
We like & o *

Blocks >n came o k-

= Bloks M same c\ni[.'v\,;lelr
7 Bocks 0 oJqucEwG_, Q,l;.ﬂ)a;a

SAN: Qb}ﬂﬂe Avea  Netusris : &"W'T xf Vlwuml‘eol Dl(,s\t. Je;/.‘ceg. G be ‘é/‘(lyﬁﬂl L\‘f o ‘J VVLacLu'we_S_
- “-\\1\ szhma nce, veliable
~ RAIS: &Juwﬂm&_ Ang q{; _'[,,Jefeualene, Disks C ot lease fo ugys 4o redd o olﬂ't‘”_)
b yec wsel & upe SAN mew Jsilon C NeewwrF- Prttached “taoge )

0. Cowiove omol cvtrase. HD_D o Sollf/!- Shute GMSY_S CS&D)

Hob S

N\Wﬂ Divect cessS ? ‘\h“ h ome W
s Mo weviey  Forts / Siuaiey  chises
wey—
) \ Cz .3« Hod

bl Quiete\-

YUIA-‘ Q‘-hvﬂ-s o-1 vas

e & ho-10C\TR) : 315 —1do C\T®

Cobely Sallev

write qele ted + i il

'{ZavJ'mVl \A/H-ke./,—qu - \[‘Q\&WME Wl"@" {)lEaQ] \,-i{\/l los Q‘{ Swmll &'\e} gcg,&eveol OhﬂNJ <le J‘-SlL
17 for Wob : The head  wores | lefwe B wext  prece q[ de He wn Le vead. / whtey

fos &SD: SR o wowgg Parts,
> gluse @ L[OC[‘ Q‘f NAND ‘Hnsbt
wakter the e Q{‘ wiitten olacker,

*— ssD ie(: ws | order fd [\y(v?@mfude clos- o Sfeerl 'Zf RAM
RAM - HOD : & srder { de‘\tmle.



Buffer pool management
Learning Goals
Other
Page Replacement
Disk Scheduling, Metadata, Records, and Pages
Learning Goals
Other

Buffer pool management

Learning Goals

® Explain the purpose of a DBMS buffer pool, and justify why a DBMS should manage its own buffer
pool, rather than let the OS handle it.

o Buffer pool managed by DBMS is an area of main memory that has been allocated by the
database manager for the purpose of caching table and index data as it is read from disk
o When the buffer pool is managed by the DBMS, DBMS will choose algorithm/act on discarding

pages by maximizing the 10 needs. However, if the buffer pool is being managed by OS, the way it

handles discarding pages will be pretty general since OS has so many other things to worry
about. Moreover, if managing its own buffer pool, number of systems calls can be reduced.

o Summary: DBMS maintain their own buffer rather than use that of the OS so that they control
when to let out pages from it. It also avoids a system callfor each OS buffer read, although that
could even be avoided by OS design.

< DBMS vs. OS file support

= OS’s manage their own buffer pools.

= A DBMS needs to have control over events that most
OS’s don’t need to worry about for their own paging
activities. Such events include:
Ve Forcing a page to disk
» Controlling the order of page writes to disk (especially for
logging and crash recovery purposes)

y Working with files that span disks
- Having the ability to control prefetching
- Basing page replacement policies on predictable access patterns

/o por Q\)[l;+7 among 085

® Provide an example of sequential flooding in a DBMS buffer pool.
A nasty situation caused by LRU + repeated sequential scans

=S page requestEBEmiss



Let us say there is 2 buffer frames Frame #1 and Frame #2, 3 pagesinfile P1, P2 and P3.
What would happen if we scan the file twice(P1, P2, P3, P1, P2, P3) with sequential scan ?

Block Frame Frame
read #1 #2
P1 P

P2

IT‘I
N,

P3

P1

P2

P3

™
-
A

e Explain the tradeoffs between force/no force and steal/no steal page management in a buffer pool.

Justify the use of the ARIES algorithm to exploit these properties.

No Force

Force

No Force

Force

No Steal

No Steal

Slowest

No Undo/Redo

No Undo/No Redo

Steal

Fastest

Steal

Undo/Redo

Undo/No Redo

Basically, If employing steal approach, we can use pages that is being utilized by uncommitted as an
empty frame for the page replacing algorithm, so the speed will be increased. But an undo log need to
be #3” when employing steal approach and dangerous(?). As for no force approach, it does increase
the speed since we can use temporary storage to store transaction's updated pages, and then write
them in disk in batch -> fewer 10 operations.

ARIES???

e For a given reference string, compute the behaviour of the these page replacement algorithms: FIFO,
LRU, MRU, Clock (reference bit), and Extended Clock (reference bit + dirty bit).



o FIFO: victim = oldest page

o Least Recently Use(LRU): victim = page that hasn't been referenced for the longest time

o Most Recently Used(MRU): victim = page that has been most recently used

o Clock: If a page is referenced often enough, its reference bit (RB) will stay set, and it won't be a

victim.
= if an empty frame in BP:

= Use it to store the new page's data

= SettheRBto 1

= Set the timestamp to current time
m else:

® Find the oldest page(page with the oldest timestamp)
= |f that page's RB is set to O, then:

® This is the victim page, replace it with the new page
= Set the new page's RB to 1
m Set timestamp to the current time.

= Else:

= Decrement that page's RBto 0
® Update that page's timestamp to the current time
o Extended Clock

= if an empty frame in BP:

m Use it to store the new page's data

m SettheRBto 1, DBto 1(?)

m Set the timestamp to current time
= else:

® Find the oldest page(page with the oldest timestamp)
= |f that page's RB is set to 0/0 or 0/0* then:

= This is the victim page, replace it with the new page
= Set the new page'sRBto 1, DB to 1(?)
m Set timestamp to the current time.

= Else:

switch (RB/DB){
case (0/1):
set to 0/0%;
case (1/0 || 1/0%):
set to 0/0 || 0/0%;
case (1/1):
set to 0/1;

Create a reference string that produces worst-case performance for a given page replacement

algorithm.



FIFO: 1304 1 30 for 3 available frames
LRU: 1231 2 3 for 2 available frames
MRU: 1 2 3 2 3 for 2 available frames

e [Later] Explain how the page replacement policy and the access plan can have a big impact on the
number of I/Os required by a given application.

e [Later] Predict which buffer pool page replacement strategy works best with a given workload (e.g.,
table scan, index scan, index lookup, logging, returning many rows, running the RUNSTATS utility).

Other

® 3 page is the smallest unit of transfer between disk and main memory

o logical memory: page
o physical memory: frames
e The Translation Lookaside Buffer (TLB) is a very fast L1 hardware cache. It is used to determine
whether or not a particular page is currently in memory.

e Dirty bit/frame: The bit indicates that its associated block of memory has been modified and has not
been saved to storage yet. When a block of memory is to be replaced, its corresponding dirty bit is
checked to see if the block needs to be written back to secondary memory before being replaced or if
it can simply be removed.

Page Replacement

- - —

Page Requests from Higher Levels

BUFFER POOL
disk page
N/
free frame
MAIN MEMORY
— N
DISK ——— choice of frame dictated
m by page replacement policy



public void requestPage(byte address){
if (isAddressExitstInPool(address)){//use that}
else{
byte replacedFrame = pageReplacementAlgorithm();
if (isPin(replacedFrame)){unPin(replacedFrame);}
if (isDirty(replacedFrame)){writeToDisk(replacedFrame);}

readToFrame (address, replacedFrame);

o HfhiR{F: Pin

o Pinning the pages in main memory is one way to ensure that a process stays in main memory and
is exempt from paging. # B HE—"Hifrequest pin 7 X" pagefUit{z, fthhpage counta++

User Stack User Stack User Stack
4 4 4
Memow-MapPed rggion for |Memory-Mapped region for Memory-Mapped region for
shared libraries shared libraries shared libraries
?

T T Newly allocated memory
Run-time heap Run-time heap Run-time heap
Read/write segment Read/write segment Read/write segment
Read-only segment Read-only segment Read-only segment
A B c
Before call to After call to After call to
mlockall() mlockall() malloc()

Unused address space

Pages not pinned in memory

Pages pinned in memory

e transactions is a series of one or more SQL statements
o commit: A transaction is said to be committed when its log records reach disk.
o Atransaction thatis in progress is said to be in-flight. It hasn't been committed.
o Locks held by the transaction are released at COMMIT time.

o Force: At transaction commit time, we force(i.e. write) the transaction's updated pages to disk
(after writing the log records to disk).

» forcelREERTFSEcommitted Z[FEAHTUGFI B EMUZFTAMRIMEE, IHSSEMERER

ZNEHRE (BErgEERIE) . no-forceRmESZEcommitted Z [F AT A BT X (L EIRE
2, XFANEFREINEFHEFAMCEME, XFRTURREEREXSN RBAFS) ,



BERMRcommitted Zf5& % crash, BBALRIEZcommittedfIESHIBESEL (BAERE
BFARER) , RRFFEICHredo log, ERARERSIMEHITANR (roll-forward) R1E,
o Steal: When the BP desperately No Force needs a free page, we can write a dirty page for an
uncommitted transaction to disk (i.e., we steal frame from an in-flight transaction).
» EEAF—TuncommittediIESIFENERENEE, MREstealthilg, BALLEIHEE ERIPTRE
BEuncommittedf9EIE, R RAZBEICFuUndo log, MUBFESZaborti#1TEER (roll-
back) . #NREno steal kg, MIRTHEE EARFEUNcommitted#iE, ELTFENRIGE, 1B

MIFicFundo log,

No Steal Steal

No Force Fastest

Force Slowest

e Anewly requested disk page that is not currently in the buffer pool causes a page fault.

e The page to be replaced is called the victim page
Disk Scheduling, Metadata, Records, and Pages

Learning Goals

e Explain why page requests from disk may not be serviced immediately. List some of the reasons for
contention.
o Many DB users wanting access to the objects on the disk drive
o Non-DB users wanting access to files on the same disk drive
o Single user, but many processes/applications requesting service
o Overhead service routines(DBMS, OS, ..)
e Explain the relationship among disk geometry, buffer pool management, and disk scheduling in
providing good performance for data requests from a user of a DBMS. List the bottlenecks that may

contribute to poor I/0 performance in this disk “chain”.
o FIUENMINFE, —Prequesttiiigti, AE

= MEZEEBETHIXNpage/block
s XPEHMREEFRisk schedulingBiZNZ 5, XNMEIRRE T seek time, tpiZheadft
LRHMERFEEEcylinder/track
= BapEIENAcylinder/track 2[5, WRFIRER), HEIBTblock&AIARIAR M sector, AfF
EEUXblock (page) , E[EZEmain memory
= EXpage/blockiI N\ bp
= f£main memoryd, buffer pool manager#l|fpage replacement& & EE &R
page, ABFIEXMEENEIMpagetfBiHE
e Compute the service order for a queue of track/cylinder/page requests using each of these disk
scheduling algorithms: FCFS (First Come, First Serve), SSTF (Shortest Seek Time First), and Elevator

(Scan with, and without, Look).

o Disk Scheduling Algorithms:
Current Status: 165, coming from 164, receiving requests: 1400, 2500, 170, 160, 161, 3500, 162



m FCFS, First come First Serve

= 1400, 2500, 170, 160, 161, 3500, 162
m SSTF, Shortest Seek Time(th i 2k & &iFAIcylinder) First

m 162,161, 160,170,1400, 2500, 3500
= Elevator Algorithm: XM EIA@— 1A EIFEEHMEZE X1 A [ LgB5request

= EARIM16450165, FRLAIITEM/NEIARITHE
= 165, 170, 1400, 2500, 3500
 XEHMERX DB RNEREET T, Mm%
= 162,161, 160
ASEE
= Service order: 170, 1400, 2500, 3500, 162, 161, 160
= What is the updated service order if: while serving cyl. 1400, we suddenly get these new
requests: 1250, 1400, 1500
= 1400, 1500, 2500, 3500, 162, 161, 160 X(f[A)H)ZE{FkHIservice order, ZHEEHK, H
BFEL1250t85 L)
= 170, 1400, 1400, 2500, 3500, 1250., 162, 161, 160
= CSCAN: EX LR BN ERME KRBE— T HRE—BEEXTAOLRE—Tol, REBEEE
XN A@EN0, BE

= Unfairness: tE@l#1R—" requestErequestiIZ —MRiZAIcylinder, FBAsstfe]BERKIT it &
TRt

Give at least ten examples of the kinds of metadata stored for a DBMS.

o number of records
o number of unique keys
o column names
o data types
o field sizes
o flags

o permissions
o creation times
o creator ids



o record layouts
o buffer pool sizes
e Justify the use of metadata from the perspective of both a DBMS and a DBA.

e Write simple SQL queries (on paper) to query an RDBMS catalog for metadata that is of interest to a
DBA. For example, write simple SQL queries to join catalog tables and gather information from
selected DB2 catalog tables.

e Provide arguments for storing RDBMS metadata as a table rather than as a flat file or some
other data structure.

e Compare and contrast the record layouts for fixed-length and variable-length records in a DBMS.
Provide an advantage for each.

e Explain why rows on a page might be relocated.

e Compare and contrast the page layouts for fixed-length and variable-length records in a DBMS.
Provide an advantage for each.

e Justify the use of free space within a page, and intermittent free pages within a file, for an RDBMS
table.

Given probabilities of average string lengths, determine whether it makes more sense to use a fixed-
length field, rather than a variable-length field.

Other

e |ndexes
o We can retrieve records by:

= Scanning all records in a file sequentially
m Specifying the record id and going there directly
o File structures that enable us to answer such value-based queries efficiently

= value based queries: FEBE X MEIEPHE N FROEEHEIXTEE

= Find the name of the student with student id 86753091
= Find all students with GPA > 85%
= Dense Indexes store one key/value pair per record in the table. The value is often the rid
pointer that points to the full record on disk corresponding to the key

= Clustering Indexes: H#RiEXNindexfIEITEA/NHEIF T EUBTEdiskPRIMIE, FRAMISRIZXD
clustering index 2 E X2+ A A{E“where” queryfIEET SR AE (HRIBEIER/NHIF T
7)

® Metadata: data about data
e System Catalogs
o contains metadata

= eg., # of records, # of unique keys, record layouts, column names, data types, field size,
flags, permissions, creation times, creator IDs
o There are about 150 catalog tables in Db2 version 11:

= SYSIBM.SYSTABLES
= SYSIBM.SYSINDEXES
= SYSIBM.SYSKEYS



Stored in database DSNDBO6, can be accessed through sql
e Record Formats

o Fixed Length

e.q. emedE k'.rgb& MN\e . [ FPC
A A PR

T\ Ll L4 ‘h"‘”
\Q\m . \. ’\t t I\V ‘> C‘ 3
X C\\Q,N\Dv : \ Lk ZOZ/IO%% l ﬁ
Base address (B) Lf' Address B+L1+L2
s FEINFEREERNKERE—1FH, Efixediy
. BRARTAREFELIHIL2H AT CATRE stttk 7 IfE
m Page format for fixed length records
Slot 1 Slot 1 e T
Slot 2 Slot 2 N .
wled </‘G ree
Slot N 7 in—u e
/
X Slot M [
'\0‘:/\' . N'—W 1...(%'11\4
number M.. 321 number MaX M

‘/Q’C’Q\r PACKED w UNPACKED, BITMAP  of slots
Record id = <pageTid, slot #>. In the first alternative,
moving records during free space management changes
the rid, which may not be acceptable.

EORNMERRBIIFFACE, AIENEEEFEN, MEENEZR; MABRUFAT —T%R
FIRICRZTslotZE AR EMN, ALRARLEANREY, FAAELBEINE, MRFANIEME
slot1A9IEE, EiFteitrecord id#FARE (B L)

o Variable Length



Record Formats: Variable Length

F1 F2
1) $ $ $

Fiel:// Fields Delimited by Special Symbols Ve L\ =]
Count _ F2 F3, MQ Je . oK
\uk i dog dog > V7
k\ / iog > Q\‘P\,\ ot

N U{’\v . ? Array of Field Offsets e ?O“I\/ASE ‘/\
w» ';"he second case offers: direct access to i'th field, efficient storage of 2

nulls (a special don’t kypow Value) and small amount of directory

overhead. \) O\I’t > S : +|
L

22

» EE—MMrecord format®, RIEANMIVINERFERIXTMCRPEZ DI FER, AREEN
AEKENFEREBEET DRARIEFERNFRD T

» FE"MMrecord formatE, BIED BILEEFEE R N FEMbase address, #Xfgbase addressZ /&G
ETEENDRAMNFERSF, BETRMAIUILEZTTFER

® Page format

Page Formats for Variable Length Records

Rid = (i
Page i

Rid = (i,2

( i R1d-ﬁ1i

(C\ e

er \ s

20 16 V24 \ N inter
N \ 2 S 1<‘ # slots 5t
of free
0 ’\*ﬁ “ oud LS space |
SLOT DI JORY
~ WOh
~ zg . need Yo

@ You can move records on a page without changing ok
CON  therid. This isqttractive for fixed length records, too. (i
_OW\Q k&t of dﬁ\@ﬂ Mme A mo{fj(

the pabe & moued w



m PCTFREE. FREEPACE. REORG

char( ) vs. varchar( ) Fields in DB2

< Compare a char(20) field to a varchar(20) field in
DB2. Wyxé(es up more spgeé?
20 24 "U.J‘ ‘(:of len
) t{'f 0-20 5& \(-\nf\\)ke co\wm

Suppose 80% of the time, we use 15 c:haracters, and |y
the other 20% of the time, we need 20 characters.

Compare the space usage for 100,000 rows. pf)/oy3
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‘?’ As usual, assume dense Alt-2 indexes. With N = 100,000
leaf pages and a 4-level index of employee IDs, how
many disk pages need to be read from both the index and
the data table to print out the full employee records
corresponding to 15 unique, user-supplied, employees’
keys in the WHERE-clause? The BP is empty and is very
large. Give the best-case scenario. The root has @
children.

A. No more than 10 e O o s
B. About 15
C. About 30
D. About 45
E. About 55

With N = 100,000 leaf pages and a 4-level index on
employee IDs, how many disk pages need to be read
from both the index and the data table to count how
many of 15 different employee IDs supplied by the
user, are actually in the data table? The BP is empty
and is very large. Give the worst-case scenario. The
root has 15 children.

A. About 15 , -
B. About 35

C.y About 45

D. About 75

E. About 100,000
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With N = 100,000 leaf pages and a 4-level (height =
3) index of employee IDs, how many disk pages need
to be read from both the index and the data table to
print out #ie full records gorresponding to 15
employees”keys, specified in a WHERE-clause. The
BP is empty and is very large. The root has 9
children. Give the worst-case scenario.

A. About 15 5 //7 % -2 1@‘%@ AEANZ 1] 1S

B. About 30 /]

C. About 40 f D\ ' O

D. About 55
E. About75
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Chapter 10 Tree-Structure Indexes
Learning Goals

Take away

e Lecture
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e index entry: <key, pointer>, fAfGkeyR] LA ENMieldBIERER, XHEM A AREkey A EHITIRIERIER

index entry

{ ! N ‘ [
§P0 K"§P1 K2§P2§ . . EngPm%
’ ’. §.{ : !5 i :
U L .

| | g :

¥ Y v ¥

o FEXHFM—ZRAFRindex page, RABTE—"Tindex pageEH, keyMIHEHBLEptriINE Z—, Ekey
B91EFS Eseparator

Index file

TN
[ PageN |

Figure 10.2 One-Level Index Structure

; Pageq ., Page2 Pageﬂ Data file




o nffll: indexfileRfALtbdata fileB/\RZ, (BERMMKA R U LinsertMdelectablefRFRM, ATATANIARTE
—iftindex file £, FBEIL—"indexfile: BBYARIEELindex file until the smallest auxiliary structure fits on
one page

e B+ Tree: abalanced tree in which the internal nodes direct the search and the leaf nodes contain the data

entries.

Index entries

(To direct search)

Index
file

Data entries

("Sequence set")

Figure 10.7 Structure of a B+ Tree

o BMEMEREBleafl 7 ZHIEHIdata entry

o A dataentry isa <k, rid> pair, where rid is the record id of a data record with search key value k.

o HZentry#l @ X#FMkey ptr pair, R ddata entry pointer P E A E¥5[adata pagefVigtt, BEAEHER
data, data entryfptrEIZIE@EIE; Mindex entryfpointertg@AINIE FT—"index page

o Operations (insert, delete) on the tree keep it balanced.
o Minimum occupancy of 50 percent is guaranteed for each node except the root
o Format of a Node

o non-leaf node

SHESR:

index entry

I




= PO¥SM@MIsubtree, FRA HkeyEB/NFK1
» if0 < i < m, Pi{g[@Asubtreed, FREHIkey K&Rk; < K < k;1q
» PmigMEAIsubtreed, FRBEMkey#HIATK,,

o leaf node: denoted as kx

» HHEFAE/eaf node#f#chainedfidoubly linked list

fune find (search key value K') returns nodepointer

/'l Given a search key value, finds its leaf node

return tree_search(root, K); /| searches from root
endfune

fune tree_search (nodepointer, search key value K) returns nodepointer
/| Searches tree for entry
if *nodepointer is a leaf, return nodepointer;

e Search: else S ERNRBEREREIS
R . B, MBEENE , BERBHA
if K’ < K then return tree_search(Po, K); g8 , &iin 1m-NE@E&—1
else, & i&E K subtree
if K > K,, then return tree_search(P, , K); // m = # entries
else,
find i such that K; < K < K1
return tree_search(P;, K)
endfune
Root \“\‘\\
M
LY
13 § 17 24 30
o ~ e 4 \‘\ \\\‘\
e
//‘/ yd \\.\
—
7 // - o ,:\\
Py A # N ’ N NN T i
2% | 3% | 5% | 7« 14%) 16# 19% 20%] 22* 24+ 27+ 39*2‘ “ [33*!’, 34*133* 39*
Figure 10.9 Example of a B+ Tree, Order d=2
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o insertAURSMR, WR—Tnodeii T, HAZIEGEsplitfth, BAILAR I redistributefth, EE40_EEARM10.989
R, SRZXEHERZEIANSEHE, FIARINAEE T nodeld®F TR MIE, XPMIHMETTE R IESHEHRE



= TN £ TN v N N SOON e

| 2% | 3% | 5% | 7# 8% |14+ | 16+ ‘ 19+ 20%| 22+

24| 27%| 29+ 33+ | 34+ | 38% |39

Figure 10.14 B+ Tree after Inserting Entry 8*% Using Redistribution

BRHAREE Rinsert#Bi# EredistributionfI &AM, WRsiblingi® 7 BIEMATT, FINFESNE, BEE
Espliti®Zredistribution, {EZMERXNinsertionK 4 7Eleaf leveliIiE, Ffi124Hi Eretrieve neighbour
node, [EJJprev-next neighbourfZ7E T leaf node, Hinsert R 4ARIATR, BMEEsplit, FHITBEEITFE prev-
next neighbour (splitA9IETEIR B EIsiblingsH B 112 T —" " node)

e delete

[e]

The situation when we have to merge two non-leaf nodes is exactly the opposite of the situation when we
have to split a non-leaf node. We have to split a non- leaf node when it contains 2d keysand 2d +1
pointers, and we have to add another key--pointer pair. Since we resort to merging two non-leaf nodes only
when we cannot redistribute entries between them, the two nodes must be minimally full; that is, each must
contain d keysand d + 1 pointers prior to the deletion.

redistribute (IR BRE, SBIEETEMRERIRZE, BEARERFRIVERENpage i Eminimum
occupancyfIER, (B2 KIMUNE Msiblinghii—NentryidHKAY1E, BHRIAIpageHsibling#lfF & minimum
occupancyfIERK, BBARAL, XHAUredistribute

mergelIEEME, SBEBTEMRERNIRZE, BARERPRIVERENpage i Eminimum
occupancyfIER, {BR AR Msiblinghii—entryidKHI1E, BFIAIpageflsibling# S
minimum occupancyfIEK, FHAEH, WRHBRIApageMsiblingfentrylHIE—#2HIIE, entryfIEE
IEdFfEdfN2dhE), BRAXEHMERFIEMIIME—EE, XFEmerge

PBEERLAIVDErefinementfiZ, EHRESsiblingfIEHEIGEF Tsibling

redistribution is guaranteed to propagate no further than the parent node.

2021-10-14

Pre Class



h(key) mod N /

"L@// i B

N-t .

Primary bucket pages  Overflow pages
Figure 11.1 Static Hashing

static hashing scheme @ —Fh{FEIET(

RB—"1bucketlES, EHE M bucketZFECE T —">possibly additional overflow pages
— MbucketZEH)Edata entry (= alternative)

— "X ZHbucket aZlIN-1

Search:

searching a bucket requires us to search (in general) all pages in its overflow chain

o apply hash function to data entry : hash(data)
o use hash(data)Z1Ebucket

Insert:
o apply hash function to data entry : hash(data)
o use hash(data) EHEIXT N AIbucket
o WN5Rbucketi%i#: M \data
o WIRbucketiH T :

» 7EiX“MbucketfSHEallocate— M Ff#Joverflow page
» {BdataffEpage b
v JBIXMpagefl N iXNbucketBJoverflow chain E

Delete:
o apply hash function to data entry : hash(data)
o use hash(data) AR EIF N HTbucket

o R data & fEoverflow chainfJ—"overflow page 5 & fEoverflow chaind#J—Noverflow pagefBA
=X TpageIRfE—1: BEizMiz

o YNERdatatEoverflow chaindFf—overflow pagelB 2 iXMpagefIza—1:



If we have N buckets, numbered athrough N ~ 1, a hash function h of the form h(value) = (a

= datafftlz
= iBpage MiXPbucketfoverflow chaind#ZkR, B free page

works well in practice. (The bucket identified is h(value) mod N.)

the number of buckets is fixed.

Note that two different search keys can have the same hash value.

Extendible Hashing

LOCAL DEPTH " f#
GLOBAL DEPTH

Bucket A

" Data entry r
with h(r)=32

00 Bucket B
01
10 ]
11 BucketC
DIRECTORY
19° Bucket D

DATA PAGES

Figure 11.2 Example of an Extendible Hashed File

EbucketX— B0 BRFF, Sth—1directoryZE1gMm@bucket

Search for data entry<k, rid>:

o

[e]

[e]

L&t hash (k)
fEAhash (k) BZ#HFIRRERUEEMREAFEIbucket
Mbucket 1% 2l BARRIEF

Insert a data entry <k, rid>

o

o

(o}

o

FeEthash (k)
®fhash (k) B THBIRRIERUEEMLERAESIbucket
gNRbucketBIE: MAZEbucket
IR bucketiEBNIE
= FEsplitii 7 Bbucket

» EFFITEbucketP A hash(k)

*value +b)



» R#Bhash(k) B Z#HHIRTE =M EREX 5 HERbucketHbucket image
» WRFTHIbucket imagefbitFH A 7Edirectory B EIRYIE:

= double¥}#ERdirectoryATZ i bucket

LOCAL DEPTH 2"

GLOBAL Dép'm P 30° 16‘% Bucket A
000 /7;{ s | o1el 130 Bucket B
001 T
010 —

011 i [ J Bucket C
100 >
101 /
110 19* Bucket 0
111 —T

DIRECTORY

‘ Bucket A2 (split image of bucket A)

Figure 11.5 After Inserting Entry r with h(r) = 20

d¥gHy2directoryFTEEERIMIEY, A Hglobal depth, Hdirectory doubling occur, global depth++; local depth
s=per bucket, Hbucket splitT —/XZf5, local depth++, F Hsplitt3AJimage bucketmH Fl Z BIAIbucket—
¥#local depth ((X—#splithl 7 —2/F)

W5Rd == local depth, ZHiX"“local depthfJbucketfisplitZf5, WZiEdouble directory
deletion:

o ifthe removal of a data entry makes a bucket empty, the bucket can be merged with its splitimage
o ifeach directory element points to same bucket as its split image, we can halve the directory

Bulk Loading:

(o}

The first step is to sort the data entries according to a search key in ascending order.

o

We allocate an empty page to serve as the root, and insert a pointer to the first page of entries into it.

When the root is full, we split the root, and create a new root page.

o

o Keep inserting entries to the right most index page just above the leaf level, until all entries are indexed.
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e Linear Hashing

o FEEF|Ffamily of hash functions: kg, h1, ha. . . with the property that each function's range is twice that of its

predecessor.

o BAMEIRI: by choosing a hash function hand an initial number N of buckets 2 and defining h;(value) =

h(value) mod (2'N)

o If N is chosen to be a power of 2, then we apply h and look at the last d; bits; do is the number of bits

needed to represent N, and d; = d +i.

o LEAINZE32, FBAdOFEES5 (do is the number of bits needed to represent N) ,hOFfZ B E2HJh mod 32, hi
Ft2hmod (2! x 32)

o level: indicate the current round number and is initialized to 0
o Next: the bucket to split
o Npever: NumMber of buckets in the file at the beginning of round Level

Buckets split in this round:
If hpevel ( search key value

is in this range, must use
hLevel+1 ( search key value

Bucket to be split Next >

Buckets that existed at the
beginning of this round: to decide if entry is in

this is the range of h Level split image bucket.

'split image' buckets:
created (through splitting

1
|
<_| of other buckets) in this round
Figure 11.7 Buckets during a Round in Linear Hashing

o basically, TEround level2E, RBhiwaflPicve 1 2HER, fileBIEAIbucket2#——"1Hsplit, XHF
— T3, bucketIESFT

o Search for <k, rid>:
= calculate hjeper (k)
» HElbucket, BEEESHsplitT

= SplitT: ﬁﬁhlevel+l(k)£7é<



» %split: BEIREX T bucket EE

o For our examples, a split is 'triggered' when inserting a new data entry causes the creation of an overflow
page.
o Split:

= use hash function hjeye;+ 1 to redistribute entry between current and split image
= assign bucket number b +Nj,; to the splitimage (b2 7 bucket)
o Insert <k, rid>:
o IRIBRever (k) I EIXI N BIbucket, BERIZH Wsplit
» WsplitT, Fhiever 1 BEXPNKFABFINEMbucketif Esplit image, HRIMNMMNE, EEF TR
W% (B1¥EZHITE#ERYoverflow page)
= JRHT BHIEMA
= JHT
= splitcurrent! EFEMIER, X Ninsertfl &R T —/Rsplit, 1BIX P splitFHigH &4 Foverflowh
7, mALEEBRInextFTE@AVHET, round robinfe R E
o EIERIXTKIIANX T bucketiJoverflow page

= next++

o RAsplitT ZfF7 Kincrement next
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e internal sort FBRYERZin memory sort, Eb#llquick sort
e Run: refer to each sorted subfile. Fitbalmerge sortBlIiEAIBRLE A copy

e Simple Two Way Merge Sort:

o XInE)LFImerge sortiR1%, FlEmerge sort breaks downT ZfF



< > - =
INPUT 1 \
4‘ OUTPUT ) -
INPUT 2 /
Disk Main memory buffers Disk
Figure 13.3 Two-'Way Merge Sort with Three Buffer Pages
3,4 16,2| 95,4 (8,7 I5,6/ 3,1 2 | I.l_ Inputfile
i ; j
] ] |
- PASS 0
\ \ \ ' T * >
3,4 2,6 4,9 7.8 is,e 1,3 2 I-page runs
< '\\\ﬂ/f \\’// N PASS
4,7 1,3
2.3 ' 2-page runs
4,6 B,S 5,6
\\\\*‘(,/ pass 2
2,3
4.4 1.2 4-page runs
6.7 3,5
8,9 6
‘\\-/,T
1,2
2,3
3.4
8-page runs
4.5
6.6
7,8

Figure 13.2 Two-Way Merge Sort of a Seven-Page File

FE—"passH2F 1 page, ZEE—Tpass: k- (FFEH)



number of passes: [loga N] + 1, NiZnumber of pages, 84, &—TpageF—"io
overall cost: 2 x N x ([logaN] + 1)

e External Merge Sort(XJ_E R AYrefinement)

proc extsort (file)
/'l Given a file on disk, sorts it using three buffer pages
/| Produce runs that are B pages long: Pass 0
Read B pages into memory, sort them, write out a run.
/1 Merge B-17 runs at a time to produce longer runs until only
// one run (containing all records of input file) is left
While the number of runs at end of previous pass is > 1:
// Passi=1,2,...
While there are runs to be merged from previous pass:
Choose next B — 1 runs (from previous pass).
Read each rUll into an input buffer; page at a time.
Merge the rUIIS and write to the output buffer;
force output buffer to disk one page at a time.

endproc

Figure 13.6 External Merge Sort

o refinementl:

3,
6,2 2,3
4,4
9,4 -
‘1/ 6,7 1st output run
8.7 By 3,4\\(@3 y 8,9
Input file
5,6 = o4 8.7 1,2
\ / 3‘5
3.1 6 2nd output run
2 Buffer pool with B:::4 pages h

Figure 13.4 External Merge Sort with B Buffer Pages: Pass 0



fEpass ORIBHME, ZRIRSEEINIE, A/Ssort internally—Ppage; EE#N[2, 1] - [1,2]; MMES—TFiE
Bpage, sortiXB““page, & LEIMERTAVAME, —TFiL T M page; XHFER BUErun MANIEE]
N/B

o refinement2:

\ INPUT 1 !\ S
INPUT?2 OUTPUT
O ¢ ¢ - ) = = o ¢ 0
0 ¢ ¢ /
T | INPUT B-1
Disk Disk

B main memory buffers

Figure 13.5 External IVlerge Sort with B Buffer Pages: Pass i >0
B—%, FB-17pagefflinput, AfF—iEmergeZlIF THIAR Toutput

o Indoinga (B -Il)-way merge, we have to repeatedly pick the 'lowest' record in the B-I runs being merged
and write it to the output buffer. This operation can be implemented simply by examining the first

(remaining) element in each of the B -1 input buffers.
e External Merge Sort
o LEANIEE sort 108 Npages, H5 buffer pages

1. ®A5 M buffer pages, A A HIsortiX108 1 pages, Bli&Eceil(108/5) = 22fsorted run

2. 1EBPYbuffer pages H{ERinput, —buffer pageH{ERoutput, FAFIA NI Msorted runiX
merge, mergefificeil(22/4) =6 sorted run

3. 1B/ buffer pages H{EREinput, — T buffer pageH{Eoutput, ARSI TPU N sorted runiXif
merge, mergefifceil(6/4) =2 sorted run

4, Ffa™Msorted run, merge—)R, ZTRL1 M sorted run, FimergeR{Ih

2021-10-26

Pre Class

e clustered index: ZZR5|PRENZEINFRE T RPENITAIEINF ., FrARINR—"TtableZclustered
indexfiE, TR BEITIMAIb+ treeFidF T, costtB=H Ftraverse the tree from root to the left most leaf,
plus the cost of retrieving the pages in sequence set, plus the cost of retrieving the pages containing the data

records



Index entries

(Direct search for
data entries)

Data entries

\:\\\I\

Data

records

Figure 13.11 Clustered B+ Tree for Sorting

e unclustered index: Fi/@17 BENVIZ BN FIIEINF To <
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e Chapter 10 Tree-Structure Indexes

Learning Goals

e List the 3 ways or “alternatives” of representing data entries k* having key k, in a general index
1. whole data record with search key k: <k, record>

2. <k, rid> where the rid signifies the location of a jingle data record (row in the actual table) that has search

key k

= that rid points to the location instead of the real data of the data entry

3. <k, list of rids of data table records having search key k>
e Justify the use of indexes in database systems.

o Usingindexing®] A

e Explain how a tree-structured index supports both range and point queries.

e Build a B+ tree for a given set of data. Show how to insert and delete keys in a B+ tree.

e Analyze the complexity of: (a) searching, (b) inserting into, and (c) deleting from, a B+ tree.
e Explain why a B+ tree needs sibling pointers for its leaf pages.

e Explain why B+ trees tend to be very shallow, even after storing many millions of data entries. Equivalently,

provide arguments for why B+ trees can store large numbers of data entries in their pages.
e Explain the pros and cons of allowing prefix key compression in an index.
e Given a set of data, build a B+ tree using bulk loading.
e Provide several advantages of bulk loading compared to using a large number of SQL INSERT statements.

e Estimate the number of 1/Os required to traverse the records of a large file (whose records have key k) using B+

trees for: (a) the clustered case, and (b) the unclustered case. Justify any assumptions that are needed.
e Using a diagram, show the principal difference between a clustered and an unclustered index.

e Provide examples of when clustering doesn’t help performance, and may actually hinder the performance of

certain kinds of queries.

Take away

e index&5|IENE— 1 EiIfEdata entry LHIRTE, WRIKAFindexfUiE, BAEERRE—PEMAREZHERdata
entryfIRT{R, MSRBINF—F—%0K, REEEXTHIEETEF/REEXK, BilindexfViE, ATAE—
FEbl<index, data>BIZ&R I, FATIASLEERS|IEMEIBKNdata, BEKIX N data, MFKindexBy 5 thA]
AR AL



o FfflAtree structured indexingfgHI 2 F KX index#yF%15
e B+ tree
o mis the number of keys in a node

= ism consistent for every node?

o for each node, we want to occupy at least 50% of the node's available entries:

= each node contains d <= m <= 2d entries

o dis called the order of the tree

o fan-out = m+1 => number of pointers to child ndoes in a node

o N =number of leaf + internal pages => fff A Z#total pages - 12

o height’BHIZERIEE (E4Froot) -1

o EALdREE—"nodeFZ M entries, mlRE T —"nodefga T Z /M child nodes
o look up

= look up b+ treeE 7S _E#look up binary treefJR1E 22—

o insertion
= copy up VS move up

= copy up & ETEleaf node, HEEsplit leaf nodefiTE, ILleaf nodeRYRBIE S ElAth 5 EXH
3, #AlEcopyZlparentd, X PEHEAparent nodeflleaf node#F & B — P EHENNERTY

= move up&EFEparent/root node, HFEES Elroot nodefIiT iR, S EIFIEdelimiterta[m £
&), XTEMR, delimiter RRFETHifroot

o deleting
= ook up
= delete
= check for needs for redistribute
» WNRMT ZEnodefentryi &/ TFd, BBAFEEredistribute

= borrow entries from adjacent nodes that have same parent

= f redistribute fails -> merge
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Page |1

Program Preparation in DB2 for z/OS

The following diagrams are from: (a) Fig 2.2 in C.J. Date & Colin
edition), (b) Figs. 13.1 and 14.4 in Craig S. Mullin’s DB2 Developer’s Guide (Sth edition).

(3l'd
Program preparation is required be
COBOL programs). The end results are an exec
both of which run together to access a DB2 database.

J. White’s A Guide to DB2

fore any DB2 application code can run (e.g., Java, C, C++,
utable load module and a DB2 program plan,

C 4+, Jav Q, \?y\*\/\o.,\ /Coﬁc\_) P{—klﬂ
p(‘oafa(\/\ Con Taining OQl
Lk~
EXEC S
Viodule AT
Endy-exgcC.
¥y
Modified recompiler /DB LS‘C MDJ\\L\Q, L uef
o B i Ecks
‘ [ S5 l
DAL 7 CD{A( |

Bind éﬂé-

\L‘\'} lf\'y

Application

Plan
B

[M.

» (Load Module)

y » (Application Plan)

i Supervisor
Load Runtime Sup

Module
3

Data Manager

Buffer Manager

{Other)

Chw /

foee

P W/ J TATS
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Yy \r\'\(

\%’ B;mif
— Syt X
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Fig. 2.2 DB2 application program preparation and execution (over\iiew) ?
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énw Merge \]—b(y\ Algu\,‘&'nm

do { sid bid
if (I'mark) { 28 103

while (r < s) { advance r }

while (r > s) { advance s } 28 104
// mark start of \block" of S 31 101 &
BEXK =8 - 31 102
}
4€ v = 8) I 42 142
result = <r, s> 58 107

advance s
yield result

}

else {
reset s to mark
advance r
mark = NULL

}

°[uer\1 block : I

C;EL% ] offrilute [isx

oM veloton [ise
g ferml r/\.ot L e &
i

‘RQAUQ-E:DV\ {&o‘f:m, 'FV&C"E,DM @[ ’(Wfles 4hat s“el'\:l'i‘ES =

CoV\.‘Sv\v\c{_
r{{gﬂqc{s the hvgacf 4 de Aeorw w ye‘lv«cb the ek sze

' '?\usl« Selectim aheadl q][JD(V\

| sname (Orl-the-}7y) TTsname (On-the-fly)

O'bid=100 /\ rating> 5 (Oll-1he-fly) (Sortmerge join)

=/
//’ -8
) . o ¥
L=  (Simple nested loops) (Scan: %= : (Scan;
sid=sid write fo O pid=100 Urating >5  write to
ok temp TI) temp 12)
File scan) R Sailors  (File scan) I I
(File scan eserves AROES e sean File scan Reserves Sailors File scan
Figure 12.4 Query Evaluation Plan for Sample Query Figure 12.6 A Second Query Evaluation Plan
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% Strict 2PL features:

- Each transaction must obtain a shared (S) or exclusive &
(X) lock on the object before reading it, and an X lock

on the object before writing it. 7\

- All locks held by a transaction are released when the
transaction completes (commits or aborts).

< Non-strict 2PL (regular 2PL): W a

- Each transaction must obtain an S (or an X) lock on the object before
reading it, and an X lock on the object before writing it.

- A transaction can release locks at any time but it cannot request
additional locks once it releases any lock.
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9. Consider the following ordering S of transactions:
T2:R(X T3:commit T1:commit; :R(Y)
T2:W(Z); Tcommit; T4:R(X ; T4 :commit

a) Draw a precedence graph for S.

b) Is S conflict-serializable? Why or why not?

C) Is S serializable? If so, give all possible serial orderings.
d) Is S recoverable? Justify your answer.
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CPSC 404:
More Practice Exam Questions on

Concurrency and Crash Recovery
Last Update: December 12, 2016

1. Consider the following sequence of actions using the ARIES protocol:

LSN LOG

00  begin checkpoint

10 end checkpoint

20  update: T1 writes P61

30  update: T2 writes P72

40  update: T3 writes P95

50  TI1 commit

60 Tl end

70 T2 commit

80  update: T3 writes P77

90 T2end

100 update: T4 writes P72
<CRASH, RESTART>

a) For this sequence of log records, what is done during Analysis after the
crash occurs? For each LSN above (in order), explain how the Transaction
Table and the Dirty Page Table are rebuilt.

b) What is done during Redo? Indicate where Redo starts, and explain how
each LSN is handled during Redo.

c) For this sequence of log records, describe how the Undo phase proceeds,
and show any new log records that result. At the end, take a new
checkpoint.

2. Consider the following ordering S of transactions from the previous set of sample
exam questions. This time, however, we want to convert S via a series of allowable
swaps by the scheduler into a serial schedule S’. Draw a table ordering the actions of
the transactions. Then, draw the final schedule S°. Explain how the swaps take place
so that schedule S’ is conflict equivalent to S.

T2:R(X); T3:W(X); T3:commit; Tl: W(Y); Tl:commit; T2:R(Y);
T2:W(Z); T2:commit; T4:R(X); T4:R(Y),; T4:commit

3. This question deals with multiple-granularity locking (MGL). Suppose there are
locks at the table level, the page level, and the row level. If the object that we want to
lock is at the lowest level of the hierarchy, then we’ll take warning locks (intention
locks) at the higher levels. If we want to lock the whole relation explicitly, then we
can take a shared or exclusive lock at the table level.



LSN LOG
00  begin checkpoint

10 end checkpoint

20— update: TT writes P61‘\/'
30 update: T2 writes P7L
40  update: T3 writes P95 v
50— Fteommuit ¢

60 11 end B L
~—7¢—F2 commit_ Jo 7% 1
80  update: T3 writes P77 U
90 T2 end 02 ?‘j
100  update: T4 writes P72 i,
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For convenience, use the following compatibility matrix for making your decisions.
(It’s taken from the textbook. It’s fixed and doesn’t change; but, it saves you from
memorizing it. I’ll provide it on an exam if I ask such a question.)

b)

d)

~ 1S JIX [S [X
- NN N VN
IS [N [V [V [V
X [V [V |V
s |V [N v
X |

Transaction 1 (T1): a single SQL statement. For the following SQL statement,
describe the sequence of MGL locks you would take on the table in question,
assuming you want to lock at each level of the hierarchy. Assume that we have
no index on the table.

SELECT sid, sname, age, rating
FROM Sailors;

How would your answer to (a) change if we had an (Alt. 2) index on the sid
field? (Let us ignore the part about locking the index, and deal with only the
table.)

What is a potential problem with Part (a)? Is there a way we could have a more
efficient locking strategy while still using MGL? Explain.

Transaction 2 (T2): asingle SQL statement. Suppose that while T1 is executing,
we issue the following SQL statement. Again, describe the sequence of MGL
locks you would take on the table in question, assuming you want to lock at each
level of the hierarchy. Assume that there is no index on the table.

UPDATE Sailors
SET rating = 7
WHERE sid = 1050;

How would your answer to (d) change if we had an (Alt. 2) index on the sid
field? (Let us ignore the part about index locking, and deal with only the table.)
Assume that we are using an index to find the rid for the row for Sailor #1050.
Again, assume T1 is in progress. Let us assume that only T1 is running.



i TaiE Pl
Modde, 4

. Consider the following ordering S of transactions from the previous set of sample
exam questions. This time, however, we want to convert S via a series of allowable
swaps by the scheduler into a serial schedule S’. Draw a table ordering the actions of
the transactions. Then, draw the final schedule S°. Explain how the swaps take place
so that schedule S’ is conflict equivalent to S.

T2:R(X); T3:W(X); T3: commit Tl: W(Y); Tl:commit; T2:R(Y);
T2:W(Z); T2:commit; T4:R(X); T4:R(Y); T4:commit
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Consider the following sequence of actions using the ARIES protocol:

LSN LOG

00  begin checkpoint

10 end checkpoint

20  update: T1 writes P61

30  update: T2 writes P72

40  update: T3 writes P95

50  T1 commit

60 Tlend

70 T2 commit

80  update: T3 writes P77

90 T2end

100 update: T4 writes P72
<CRASH, RESTART>

a) For this sequence of log records, what is done during Analysis after the
crash occurs? For each LSN above (in order), explain how the Transaction
Table and the Dirty Page Table are rebuilt.

b) What is done during Redo? Indicate where Redo starts, and explain how
each LSN is handled during Redo.

c) For this sequence of log records, describe how the Undo phase proceeds,

and show any new log records that result. At the end, take a new
checkpoint.
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Consider the following sequence of actions using the ARIES protocol:

LSN LOG T A Shotus

00  begin checkpoint ’&’L_\D v v

10 end checkpoint M/—T

20 update: T1 writes P‘z? W_:’f—
30  update: T2 writes P72 Yo §° uw

o
40  update: T3 writes P95 T€ (00
50 T1commit~” K
60 Tlend ¢~
70 T2 commit” dl
80  update: T3 writes PX? v - V-QC,LS/ 7l
90 T2end N {%LJ/D 20
100 update: T4 writes P72 b >
<CRASH, RESTART> 3712 uo
S 39

a) For this sequence of log records, what is don?’éluring Analysis after the
crash occurs? For each LSN above (in order), explain how the Transaction
Table and the Dirty Page Table are rebuilt.

b) What is done during Redo? Indicate where Redo starts, and explain how
each LSN is handled during Redo.

c) For this sequence of log records, describe how the Undo phase proceeds,
and show any new log records that result. At the end, take a new

checkpoint.
S PN . a _ /g 5,52
o g A AL BE oo £ -0 T a2 $kD P
During Analysis:

e Start with LSN 00, begin checkpoint

e Assume Transaction Table (TT) and Dirty Page Table (DPT) are empty to
begin

LSN 10: no action needed

LSN 20: add (T1,20) to TT; add (P61,20) to DPT

LSN 30: add (T2,30) to TT; add (P72,30) to DPT

LSN 40: add (T3,40) to TT; add (P95,40) to DPT

LSN 50: no action needed (but OK to update status of T1 to commit in TT)
LSN 60: remove T1 from TT

LSN 70: no action needed (but OK to update status of T2 to commit in TT)
LSN 80: update (T3,80) in TT; add (P77,80) to DPT

LSN 90: remove T2 from TT

LSN 100: add (T4, 100) to TT; no change to P72 in DPT

iNote that, at this point, only (T3,80) and (T4,100) exist in the TT; and

# (P61,20), (P72,30), (P95,40), and (P77,80) exist in the DPT.;

o Riggiejg (checkvints crash) ideq Lert P “fedo” chewges, B3 C /A

During Redo:

Start at smallest recLSN in DPT
LSN 20: redo changes to P61
LSN 30: redo changes to P72
LSN 40: redo changes to P95
LSN 50: no action

LSN 60: no action

LSN 70: no action

LSN 80: redo change to P77
LSN 90: no action

LSN 100: redo change to P72
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9. Consider the following ordering S of transactions:

T2:R(X); T3:W(X); T3:commit; T1l: W(Y); Tl:commit; T2:R(Y);
T2:W(Z); T2:commit; T4:R(X); T4:R(Y); T4:commit

a) Draw a precedence graph for S.

b) Is S conflict-serializable? Why or why not?

C) Is S serializable? If so, give all possible serial orderings.
d) Is S recoverable? Justify your answer.
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9. Consider the following ordering S of transactions:

T2:R(X); T3:W(X); T3:commit; Tl: W(Y); Tl:commit; T2:R(Y);
T2:W(Z); T2:commit; T4:R(X); T4:R(Y); T4:commit

a) Draw a precedence graph for S.

b) Is S conflict-serializable? Why or why not?

C) Is S serializable? If so, give all possible serial orderings.

d) Is S recoverable? Justify your answer.

. £ o5 f ol & yws i soriel
Corlisble. scbelile:  F -1 scledde$4 35 d A they  vesel
i« only ofer oll  ansactoms whoce chenges
recsvevable,  Cow™ J
CD mw l“b
X
) Vo213

1/17( J ¥

T\w(\“‘t

D e gde — (-5
Ce. ) KQ_S
) Hes
DL 2 .
Time T1 T2 T3 %‘%%’ he-
0
1 Strict two-phase: a transaction does not release its
2 start locks until the transaction has either committed or
3 READ tax aborted.
4 tax =tax+ 100
5 start Two-phase: Locks can be released before commit time
6 | READ salary providing the transaction doesn’t ask for further locks.
7 salary=salary+ 500
8 WRITE tax Conservative Two-phase: C2PL's transactions obtain
9 commit all the locks they need before the transactions begin, if
10 end they can’t obtain, they wait
11 start
12 READ tax
13 READ salary
14 tax = tax+salary * 0.01
15 WRITE tax Avoid Cascading Aborts: A schedule avoids cascading
16 commit aborts if each transaction only reads values written by
17 end committed transactions.
18 | e Begin Checkpoint — -----===-==-==muue
19 | READ tax
20 | tax=tax+ 1000 |
21 | WRITE salary ‘* LDOK i Q[
e — B e — Gee |ock block  £x wde_
23 | commit
24 | end

The following questions refer to the table of transactions above. For each question,
be sure to justify your answer. Let us assume that a transaction can upgrade a lock
from S to X unless another transaction currently holds a lock on it.

a) Would the above schedule be permitted by Strict 2PL?
b) Would the above schedule be permitted by non-strict 2PL?
c) Is this schedule recoverable?

d) Does this schedule avoid cascading aborts?

Yock 5 doesnt  block chere
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Trclude lock  block Share
Loc i~ ond: GXQLMJQ Lock.
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Tl:R(X), T3:R(X), TL:W(Y), Tl:Commit, listactionsin CS2PL
t;—T3:Commit

T2 :Commit;
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13. Consider the following schedule S described by the table below.
a) Draw a precedence graph for S.

b) Determine if S is conflict-serializable.
¢) Determine if S is view-serializable.

Transaction... T1 T2 T3 T4
Time...

1 Read(purchase)

2 Read(balance)

3 Write(tax)

4 Read(tax)

5 Write(tax)

6 Read(tax)

7 Write(balance)

8 Read(balance)

9 Write(tax)

10 Write(balance)

11 Read(balance)

12 Write(balance)

Bpin
HE AUt T AR 8 R sl orles

Schedules S1 and S2 are view equivalent if:
— If Ti reads initial value of A in S1, then Ti must read the same value of A in S2.

— If Ti reads value of A written by Tj in S1, then Ti also reads value of A written

by Tjin S2.
— If Ti writes final value of A in S1, then Ti also writes final value of

edule | must have blind  white, vead befr  white

& Sde:  view cerlizable.  sch
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Legsic Hodhing

- Insert:
- apply hash function to data entry : $hash(data)$
- use $hash(data)$E 1% 33T Mz AYbucket
- IR bucket’&H: N\ data

- U8R bucketi® 7 :
- fEIX M bucket/G Hallocate— 1 §iJoverflow page
- {BdatafifEpage

- 21X pagel N\ XN buckethoverflow chain E

- Delete:
- apply hash function to data entry : $hash(data)$
- use $hash(data)$E 1% 33T Mz AYbucket
- IR data~Zftoverflow chaindAiJ—Moverflow page_ i # ffoverflow chaind fJ—overflow
pagelBEARE XM pagelsxfG—1: HizMig
- AR datattoverflow chaindig—Noverflow pagefB 2iX N pagelIHiE—1:
- datafflz
- #BpageMiXPbucketioverflow chaindiF&f%, M\ free page

Trtendile.  Hoshing \
bl depeh 42 focal depeh ALK

o HHithash (k)

o fEMhash (k) MZ#HHIRROEHUEEME BEAIbucket ?\ %é _ /r STI:'&' .
o MbucketHE RIRAIHF
Insert a data entry <k, rid> GlaLa( Jeft{\ +=|
o SEMhash (k) & £ _{gaﬁ{ij
o fEFMhash (k) KIZ#HIRRAVEFHAEEME R FEIbucket lacal Jx@f‘(’[’\ §a( ‘ELLB‘E L\Lbket
o WNRbucketBMIE: MAFbucket «{f

o tNRbuckettFHNE:
= FEEspliti# 1 fbucket
= FEFitEbucketdFfE Mhash(k)
s RiBhash(k) i T B RRIE =R E H HEAIbucketHlbucket image
= YNRHEIbucket imagefbitH AN 1Edirectory BEIAYIE:

» doubleIl#EATdirectory A7TE i bucket

e

LocAL pepa” L 8 |

GLOBAL DEPTH 4,““; 132116'5' Bucket A
"_) //' — 11 |
N\ /
000 .|  BucketB
|
001 —
010 |
011 ] Bucket C
100 \)/ N
101 A R
110 Bucket 0

11

\
DIRECTORY o[ og Bucket A2 (split image of bucket A)




5. {6 marks} Suppose we have an Extendible Hash index structure shown below. You can assume that

each bucket can hold up to 3 entries. Use the same hash function from class (i.e., modulo last » bits of

each binary value). All of the nubs are 1 at the start; the first bucket holds keys 2, 4, and 6; the second

bucket holds keys 1, 3, and 5. - o |
’ 0. 0% 1o 1700

(
100l
FEREan N A
P nE p: ot t®
B o
PR
a) Add this key: 12—and show the index structure after it is successfully inserted: (o™

2
oﬁ %&Ejb
(20

A
| —7 m 00>

b) Let us build on your answer to (a). Provide an example of the minimum number of unique keys that
need to be added to (a)’s result so that the directory is capable of holding 8 arrows (because the global
depth nub is 3—note that 2> = 8). Draw the resulting structure with the new keys that you plan to insert
into the result of (a). Use the space below to draw the complete final index structure.
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beginning of this round:
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Buckets split in this round:

If hpevel ( search key value
is in this range, must use
hLevel+1 ( search key value
to decide if entry is in

split image bucket.

'split image' buckets:
created (through splitting
of other buckets) in this round

Figure 11.7 Buckets during a Round in Linear Hashing

o For our examples, a split is 'triggered' when inserting a new data entry causes the creation of an overflow page.

o Split:

® use hash function hjeer+1 to redistribute entry between current and split image

] }assign bucket number b +N,,.; to the split image(b 2 7E#Ibucket)

o Insert <k, rid>:

n ARIBhiever (k) EIST IR bucket, BEEBRB Wsplit

v

s BsplitT, FBhicver1 3 EIX KB FIERIbucketiBEsplit image, HEIXNNMMUE, BEFH 7 %H (BIEZAIEF

#EMoverflow page)
= JEH BIEmMA

" H T

= split current! EFEMIEIR, X Dinsertfil & 7T —Rsplit, 1BiX P splitHigH REFoverflowlIith s, MALERE

B Rinextp#E@AIHETS, round robindCEIAY &
s IBHERIXTKIDA X T bucketfoverflow page
® next++

o RBsplitT ZfF7 &increment next
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11. {10 marks} This question is about external mergesort. We have an unsorted input file that fills 600
contiguous cylinders. The buffer pool is 20 cylinders in size. Our disk geometry specs state that we
have 10 tracks per cylinder, so that means the buffer pool holds 200 tracks. (Don’t worry about the
number of individual pages.)

Let us assume that the arm/head on the disk drive is currently at some unpredictable location. There
are multiple users of the disk drive, but once you start a read or write operation, you do so
uninterrupted until the number of pages of your request is completed, even if you need to access
multiple tracks or cylinders in the same disk request. Furthermore, you always read and write
contiguously.

A short seek (SS) is to an adjacent (neighbouring) cylinder only. All other seeks are called long
seeks (LS), even if you move just two cylinders over. Do not include time for rotation or transfer.

There are 2 questions for you to answer, and you do not have to calculate any milliseconds.
a) Compute the number of long seeks (LS) and short seeks (SS) that it takes to READ the unsorted
file into memory during the first phase or pass (i.e., during the sort phase), and the number of LS

and SS operations that it takes to WRITE out the sorted runs from this phase. Show your work.
(Do not compute the merge step on this page; we’ll do that in part (b) on the next page.)
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b) We still have 20 cylinders (i.e., 200 tracks) of space available in the buffer pool for the merge ;\ '{U&%

phase, and we’re going to break down the input buffers and output buffer, as follows. Use 5
tracks (0.5 cylinders) for every input buffer, and the rest for the output buffer. Compute the
number of long seeks (LS) and short seeks (SS) that it takes to do the merge phase (both reading
and writing) to produce the final sorted file. Show your work.
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i) First, provide a sketch of the merge phase (like in class), labelling the input buffers and

their sizes, and the output buffer and its size. P Y 0(71 < '?QP ;n\?u{ L\LH el
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ii) Then, compute the number of LS and SS seek operations. Provide a total for the merge

part (i.e., Part (b)), but you don’t have to add in your calculations from Part (a).
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o Clock: If a page is referenced often enough, its reference bit (RB) will stay set, and it won't be a
victim.

= if an empty frame in BP:

® Use it to store the new page's data

= SettheRBto 1

® Set the timestamp to current time
= else:

= Find the oldest page(page with the oldest timestamp)
= |f that page's RB is set to 0, then:

= This is the victim page, replace it with the new page
= Set the new page’'s RBto 1
= Set timestamp to the current time.

= Else:

= Decrement that page's RB to 0
= Update that page's timestamp to the current time
o Extended Clock

= if an empty frame in BP:

= Use it to store the new page's data

= Setthe RBto1, DBto 1(?)

= Set the timestamp to current time
= else:

= Find the oldest page(page with the oldest timestamp)
= |f that page's RB is set to 0/0 or 0/0* then:

® This is the victim page, replace it with the new page
= Set the new page’'s RBto 1, DB to 1(?)
= Set timestamp to the current time.

= Else:

switch (RB/DB){
case (0/1):
set to 0/0%;
case (1/0 || 1/0%):
set to 0/0 || 0/0%;
case (1/1):
set to 0/1;



