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[Tapadeypa

» Eotw n oxeon
Employee (ID, Name, Dept, ...)
|0 M tuples (eyypadeg)
» Emepwtnon:
SELECT *
FROM Employee

WHERE Name =“Bob”



Extedeon ywpic eupetnplo
(TableScan)

» Ac uTtoB€oouLE OTL N OXEON €lvall ATTOONKEVEVN OTO
SloKo o€ ouveXOUEVEC OEALOEC

» DQuowko MNAavo ekteAeonc:
TableScan(Employee)
...avAayvwaon oAng tng oxeong, oeAida oeAida
Output tuples with Name =“Bob”

...yla KaBe eyypadn €Aeye TNV TIUA TOU YyVvwplopatoc, emeotpee
000 LKOVOTIOLOUV TN cuvOnkn



ExteAdeon ywplg EVPETNPLO

» XpOvocC eKTEAEONC:
Meyebog eyypadng = 100 bytes
MeyeBoc oxeonc= I0 M x 100=1 GB
Tayvtnta avayvwong 6iokou (Sequential Read) = 40 MB/s
Time @ 40 MB/s = 1024/40 = 25.6 secs



EvaAlaktiko [TAavo Extédeong

» YIOBETW OTL oL eyypadEC TNG OXEONC ELvaL TAELVOUNEVEC
ue Baon to yvwplopa Name
» 16€a: ag kAvoupe duadikn avalntnon
Meyebog oeAidagc: 1024 bytes
Evvpadec ava oeAida: 1024 /100=10
AplBuoc oeAidwv: IO M/ 10= 1 M oelidec
Yehideg mou Ba SlaBaocw : log,(1M)=20
| Random 1/O: 20ms
Xpovoc ektedeonc: 20 ms x 20 = 400 ms = 0,4 secs



AovAsVeLl TTavTo?

» NMwe KpATAW TLE EYYPADEC TNC OXEONC TAELVOUNUEVEC
otav Exw sloaywyeg (inserts), Staypadeg (deletes) ka
EVNUEPWOELG (updates);

» 2uvOnkec o SLadOPETIKA yvwplopata:

SELECT *

FROM Employee
WHERE Dept = “Sales”



Evpempla

» BonOntikec Sopeg 6eO60UEVWY TTOU LLAC ETILITPETIOUVV
VO QVOKTOUE ypriyopa eyypadEC HLaC OXECNC TIOU
LKOLVOTTIOLOUV piat Aoyikn cuvOnkn.

» H Aoyikn ocuvOnkn (predicate) pmopet

Na avadEpeTal 0€ Eva 1] TIEPLOCOTEPA YVwWpLlopata
Na repLEXEL CUVONKEC LOOTNTOC, AVIOOTNTOC, CUVAPTNOELC
opLlopeveg amno to xpnotn (UDFs)
Na avadEpeTaLl O£ TTEPLTAOKEC OUVONKEC
XwpLlkeC Baoelc Asdopevwy
Kovtwvotepol yeitoveg (Nearest Neighbor Queries)
Avalntnon peow keywords



Evpempla & XABA

» Xperalopoote SoUEC KATAAANAEC yLa armoBnKevon oTo
dloko

» Avaykn ywa evnuEpwon otav aAAAleL n oxEon
KOoTtog av £XoUpE cuxva evnuePwWOELS (updates)
Opwce kepbilw oe TAXVTNTA EMEPWTNOCEWV

16€€¢: kaBuotepnueva (defer,lazy) updates/padika (bulk)
updates



[10Te PTIAYVW EVPETNPLA;

C,, : XpOVOG EVNUEPWONG EUPETNPLOU
F, : ouxvotnta eVvnUEPWONG

C,i : XPOVOG EMEPWTNONG UE EVPETNPLO

v v Vv Vv

C, 1 XPOVOG EMEPWTNONG XWPLG EVPETHPLO

Bewpoupe tnv nepintwon omnou o eupetripto Bonba: C, > C
» F,:ouxvotnta enepwinong
» Oampenel F . (C- C)>F, « C,

» ...6nAadn otav 1o KEPSOC AOYW TNC ETUTAXUVONC TWV
EPWTNUATWY UTIEPKAAUTITEL TO KOOTOC EVNUEPWONG
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OpoAoyia

» Eva eupetnplo (index) eivat pa BonOntikn doun apxeiou
TTOU KAVEL TTLo amodoTLkA TNV avalntnon Hoc eyypadnc
o€ piat oxeon

» To eupetnplo KaBopiletal os Eva N MeEPLOCOTEPQL
YVWPLOUO TG oXEoNC Ttou KaAeital edio/a
gupetnplomnoinong (indexing field/indexing attribute)
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Eidn Evpemnpiov
» Mpwtevov eupetRplo (primary index) otav
epappoletat oto KAeSL Slataénc tou apyelou

» Eupetiplo cuctadwv (clustering index) otav opiletal
oto nebio drataénc to omoio Opwc Oev eival KAELSL

» AgutepevloV eVPeTNPLO (secondary index) otav
opiletal o medio dladpopeTiko amo to nedio dataénc
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[Tola TAnpo@opla pag Sivel Eva eVPETNPLO

» Mac AgeL o molo onpelo (oto 6loko) eival
amoOnNKeVUEVEC oL eyypadeC tou PAYVOULLE

» Mo tn oulAtnon pag ivol toLo EVKOAO Vol OKEPTOUAOTE
OTL TO EUPETNPLO MOG ETULOTPEYEL SELKTEG (pointers) P0G
TLC eYYPAPEC AUTEC

13

AuTO bev Loyvel tavta. H B€on tng eyypadnc Umopei va
TMPOKUTITEL EQUECA ATTO TN TTANPodopia mou pag Sivel To
EUPETNPLO

Y€ KOATIOLEG TIEPUTTWOELG TO EUPETAPLO ELVAL EVOWUATWHUEVO
otn doun mou amoBnKeVEeL TIC eyypadEC TNE oxeong oto dloko



Ocuata BeAtiotomoinong

» AC BEWPNOOUE TNV EMEPWTNON:
SELECT *
FROM Employee
WHERE Name =“Bob” AND Sal>700
» Exw gvupetnplo oto Name kat eva deUtepo oto Sal
Molo armo ta SUo va XpnoLUoTIoL ow;
Mropw ko ta Suo;
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Evpetnplo evog yvwplopatog
(Single-Attribute Index)

» 2XEON TOELVOUNMEVN O0TO KAELOL

Tou gupetnplou (index-key) 10

» Ac dtLaéoupe Eva EVPETAPLO 20

Omw¢ o€ eva PLpAlo... 30

40

50

60

/0

80

90

100
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AvTo pog kdavel?

Mukvo eupetnplo (Dense Index):

Epdavidovtal OAEC oL TLUEG TOU YVWPLOUATOC TTOU UTIAPXOUV OTN OXE0N

XpnNoiHo EpOooV TO
EUPETNPIO Eival
ONHAvTIKa HIKPOTEPO
ano Tn oxeEon

Sequential File

10
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40

30

40

MNwc 6a To

50

XpNOILONoINOW OF

60

50

bia enepwTnon?

/0

60

80

/0

90

80

100

110

90

120

100
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[Tapadetypa
» Alatetaypevn oxeon R pe 30000 eyypadec
» MéeyeBog oelidag | KB, peyebog eyypadng 100 bytes

» Alokog: 20msec yia random /O (petpaw povo to
seek time), 30MB/sec yLa sequential read

» Kootoc avalntnonc plac eyypadnc LE CUYKEKPLUEVN
T oto medlo dataéng (mpwtevov KAELSL);
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Avadikn avalntnon xwpLls EVPETNPLO
» KaBe oeAida meptexel 1024/100 dnAadn 10 eyypadEg
» H oxéon katahapBavet B(R)= | 30000/10 |=3000 ceibec

» H duadkn avalntnon Ba xpelaoTel |_Iog2(3000)_| =121/0

» Eotw 20msec yia kaBe random 1/O
YuvoAwka 0,24secs
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Ava(n)Tnon e EVPETNPLO

» Eotw OtL KAOe gyypadr oto eupetnplo katalapBavet 8 bytes
yla tTnv TN kot 4 bytes yla tov pointer

» K&Oe oeNiba tou supetnpiou meptéxet | 1024/12 =85 eyypadéc

» To eupetriplo katahapPdavet| 30000/85 |=36 oeAibec

» H duadikn avalntnon oto eupetnplo Ba xpelaotel |_Iog2(36)—| =
61/0

» Xpetalopat kat 1 I/0 otav akoAouBw tov pointer mpog tnv
gyypadn apa cuvoAka 7 I/0 avti yia 12
Xpovocg = 7*0,02=0,14 secs
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Epwtnon: av dev kavw Svadikn avalritnon?
» AC UTTOAOYLOOUE TOV LECO XPOVO...
» Xwplc evpetnpLo

%*3000 oeAideg * 1KB/oeAiba = (mepimou) 1.5 MB
1,5 MB og 0,05sec @ 30MB/sec

MpocBetw 1 seek yia tnv T[p(ﬁ')Tr] oeAiba tnG oxeong (+0,02secs)
YUvoAo 0,07secs
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Evpetnplo (xwpic Svadikn avalytnon)

» AlaBalw (Kot PECO OPO) TO MLOO EVPETNPLO
% * 36 oehibeg = 18 oeAideg = 18KB
18KB og 0,006secs @ 30MB/sec

| seek yLa tnv apyn tou eupetnpiov Kot 1 seek yia va Bpw TN
oeAida TNG OXEONC MOV TIEPLEXEL TNV Eyypadn
YUvoAo = 0,046secs |
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Avadikn Avalntnon ZELPLAKN OVAYVWON)
(HEoOG XpOVOC)

Me gupetnplo 0,14 0,046
Xwplic evupetnplo 0,24 0,07

Mpoteivouevn acknon: Mwc aA\alouv ol GUOXETIOUOI av Ny N oXEon
nTav 1000 popeC nolo Peyain?



ZNUELWOT)

» OLoeAldEC TNC OXEONC KOL TOU EVPETNPLOU UMOPEL vaL
elVOLL TIPOYLLOLTLKAL CUVEXOUEVEC OTO OLOKO

...N ouvdedepeveg (oav Aiota) peocw pointers
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Apalo evpetnplo (sparse index)

Sequential File
) KOLTOLV 0Gbw TV Sparse Index d
PWTN TIUA TOU 10 110
KAeLOLOU o€ KA Be 30| - 20
oeAida 50 \\ =0
» To eupeTrpLo sival 701 N 20
TIOAU LLKPOTEPO 90| \| -
L) 110 .
» Tt xavw’, EER 20
» Mmopelva 150
ulormolnBel mavta; /0
170 80
190 . 90
230

24
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Acg ovveyloove oto idlo potiffo
(multi-level index)

Sparse 2nd level Sequential File
10 > 10 %8
90| ~ 30| -

170, 50| | T 30
20\ 20 \\40
3300 - 19100 N\ 25
410/ 130 A\ 60
04N\ b3
\ /0
170 80
190, . 90
210 100
25 2300




Epwtnon

» MmopoUpe va ptiaéoupe eva MUKVO deutepo emimedo
O€ €VOL TTUKVO EUPETNPLO TIPWTOU ETILIEOOVU;
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Sparse Index vs. Dense Index

» Sparse: Muwkpotepo peEyebBoc, pmopw va
KPATAOW UEYAAUTEPO TUNHAL
TOU OTN KUVAUN

» Dense: Mropw va amavinow av yla N TN
TOU YVWPLoOPOTOC UTIAPXEL 1 OXL OTN
OXEON XWPLC va avatpeéw otn oxeon

Entionc:

sparse KAAUTEPO yLa ELOOYWYEG (yLati?)
dense amnapaitnto yla secondary indexes
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Aimdosyypaweg: 1o index/sequence-key
dev elval TPWTEVWV KAELSL

10
10

10
20

20
30

30
30

40
45
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AINAOEYYPAPEC

34

Dense index: pia AVon
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KaAuTepn Auon;
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[poooxn oTav
Wayvw via 20 n 30!
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AinAogyypagpec o€ Sparse Index?
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Duplicate keys

Sparse index, another way?

— place first new key from block

e [10
should [10] — 10

thisbe 5gr— 10

20

30

30

30

40

45
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Sequence
field
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AimmAosyypaes & secondary indexes

Mia emAoyn:

10| ~ 20
0] ™ T 10
10
20| 20

40
20

' \ | |30 10
21aTaAn Xwpou! 30 1

40
10
40 40

40
N

N L]

\

/

/




[6ca twv Buckets (kadot)

54

10

/ AN

20

buckets

N\

|

30

40

\\

50

60

-

S

N\
—
~J

o

20

10

20

40

10

40

10

40

30

40




[Tapadeypa

Indexes

Records

Name: primary
Dept: secondary

Floor: secondary

55

EMP (name,dept,floor,...)



Emtepwtnon: Bpeg vmaAAnAovg pe

(Toy Dept) » (2nd floor)
Dept. index EMP Floor index

/ - // '\\
-

Toy| J P 2nd

N
N

— lMape Tnv Topun Tou bucket yia “Toy” kai
Tou bucket yia “2nd Floor”



Text Information Retrieval (IR)

cat

Documents

dog

...the cat is
fat ...

\

...Was raining
cats and dogs...

...Fido the
dog ...

Inverted lists
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IR QUERIES

» Bpeg kelpeva yla “cat” kot “dog”

» Bpeg kelpeva yla “cat” n “dog”

v

Bpeg kelpeva yla “cat” ko oxL “dog”

Bpeg kelpeva yla “cat” otov TitAo

v Vv

Bpeg kelpeva yla “cat” kat “dog” omou oL 2 AE€eLG
avadEPOVTAL OE KOVTLVA amootaon (T MLKPOTEPN
armno 5 Agkeic)
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EmimAcov mAnpo@opia 0TI AVESTPAUUEVEG ALOTEG

X ‘O(\ ‘00
2 O X
o7 P
cat — | Title |5 —

Author |10 ~

Abstract | 57 \
dog 7 /
og — | Title |100] -~

Title |12 -
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Mia aAAn AVon:
Vector space model

wl w2 w3 w4 wb wé w7/ ...
DOC=<|] 0 0 | | 0 0 ...>

Query=<0 0 | 0O 0 0..>

|
l
DOT PRODUCT = 1+ ... = score
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Conventional indexes

[MAEOVEKTNLLOTOL

- ATtAEC OOEC
- Index is sequential file
(OPXLKN KOTAOKEUN))

MelovekTnuota:
- EmutAokec o€ inserts/deletes
- Lose sequentiality & balance
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ALOCYPQUPEG OE APALO EVPETTPLO

— delete records 30 & 40

50
/0
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continuous

free space

Index (sequential)
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38 — .
34 -

overflow pages
(not sequential)



[Tov elpaote

» Conventional indexes
» B-Trees = Enopevo Bepa

» Hashing schemes
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B-trees
(..yta Tnv akpifeia B*-trees)

» Mia StadpopeTIKA IPOOEYYLON
Aev tpoomaBoU e TO EVUPETHPLO VAL ELVOL CELPLAKO
XPpNOLUOTIOLOULLE LEPOPXLKI) OPYOVWON
2TOXOC TO HEVTPO TTOU TIPOKUTITEL VAL (VAL LOOPPOTINUEVO
(balanced): oAa ta ¢UANa otV bl amooTacn ano tn pida

looppomnueva HEVTPO MAPEXOUV EYYUNOELC KATA TNV avalAtnon
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Mapadeiypa: B-Tree

Root (Pila)

08T|

08T —

-

004—
08T—

61
OST
0ST

0ET—

0ZT

OTT.
T0T
00T

198
0¢-

I
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/1

[Tapaderypa evdiapeocov kopufov
(non-leaf node)

/B/ 0‘3\5”\
/N

to keysto keys to keys to keys
<57 57< k<8I 81<k<95

>95



[Tapadetypa (pUAAOL
(leaf node)

Agiktng amo evdlapeco KouPo

/

B AE,';;”C npoég'To EMOMEVO
EVT

~ — N (PUANO OTO po
LN 00 (@)}

N —i LN
TN TR PP
o> o> o>
g2 98 §&
-c Yc “c

o o o
S BT P%
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MeyeBog kopBwv 6evtpou

» ntl pointers

» n keys
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Ae BEAovpe oL kOpPol va elvat oAV adelot
(...ommaTaAN YWPOUL)

» Evac KOpBOC TpETEL va MEPLEXEL (avaAoya LE TOV TUTIO
TOU) TOUAQXLOTOV

Non-leaf: | (n+1)/2 |

Leaf: L(n+ I )/ZJ

(N plla eaipeital amo tov kavova)
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[MTapaderypa: n=3

Full node
(3 TLEG, 4 pointers) min. node
4 % A - A\ A
o oo
Non-leaf ) ] ﬂ/ﬂ ‘?9. ‘ ‘ 2 ‘
R Voo
Leaf 1 N

7 30
“7 35
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Emtiong

» OAa ta duAda oto 161o emtinedo (balanced tree)
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Avadnmon (“Point Queries”)

Root

\
08T

08T —

61
OST

0ST—

00T

004—
08T+—

OtT—
0CT+—

OTT—
10T+—

198
0¢-

-

I—
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Range Queries

Root

~
081
0ST

/7
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B+tree: Elocaywyn

EUKoAN mepinmtwon
(2) Yrapxetl xwpog oto puAdo

[Mowo duokoAn: Yriepxeihion (overflow)
(b) leaf overflow

(c) non-leaf overflow

(d) new root
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(a) Insert key = 32 n=3

100

30

OEAOUPE va €10aYOUlE
2. Eloayoupe TNV TIMA Kal Tov O&iKTN
0TO (PUAAO nou kaTaAn&aue

/ -
\ 1. Kavoupe avalfiTnon pe Tn TIUA nou

—F
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3

n

=7

(b) Insert key

00T

0

l

A
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3

n

(c) Insert key = 160

08T

/

00T

00Z—
08T

;

!

64T
09T1-

|

!

0ST_
0CT

4/ |

ST/
0ST—
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3

n

(d) New root, insert 45

~— AN ™M

|
!

|
!

|
!
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Deletion from B-tree

(a) Simple case - no example

(b) Coalesce with neighbor (sibling)
(c) Re-distribute keys

(d) Cases (b) or (c) at non-leaf
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(b) Coalesce with sibling

Delete 50

87

N

4




n=4

(c) Redistribute keys

Delete 50

U

ooH\
B,

0T\
\

i
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n=4

(d) Non-leaf coalese

— Delete 37

v

0T |
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B-tree deletions in practice

— Often, coalescing is not implemented

» Too hard and not worth it!
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Is LRU a good policy for B-tree buffers?

— Of course not!

— Should try to keep root in memory
at all times

(and perhaps some nodes from second level)
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YKEQPTEITE TO TTAPAKATW

= Aivetat apxeio EMPLOYEES. TXT pe otoyeia (kwdikoc umtaAAnAou, ovopua,
SdtevBuvon) ywa 100000 vrtaAAAouc.

" QeAeTe va POPTWOETE TIC eYYPAPEC TOU apxelovu otTn oxEon
EMPLOYEES(eid,name,address) mou Ba dSnuioupynoete kat va Ppriasete
EUPETNPLO OTO hame.

" Moo oo TIC apokATw akoAouBiec evtoAwy, A 1) B, Ba ekteAeotel tayUtepa
KOlL YLOTL;

A:

create table EMPLOYEES(eid int, name varchar(100), address varchar(200));
create index I on EMPLOYEES(name);
load data local infile "EMPLOYEES.txt"” into table EMPLOYEES;

B:

create table EMPLOYEES(eid int, name varchar(100), address varchar(200));
load data local infile "EMPLOYEES.txt” into table EMPLOYEES;
create index I on EMPLOYEES(name);
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