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Emokonnon

Ti Qo 00bpE ofjuepa

e Ovoiwkn Anobnkevon: ot o Aiokog ivar To Bottleneck;
e Opydvoon Apyeiwv: Heap vs. Sorted Files.

e Ewaywnyn ota Evpetpia (Indexes).

e H Aopn B-Tree: ®cwpia kot Xopaktnpiotika.

e B-Tree Visual Tool

e Aocknon: YToAoylopog tev mapoauétpmv d Kot e.



Ewcayoyn

Agvtepegvovoo Mvnun & Kooctog Ilpoosnédaong

o O Bdoeig Asdopévav givar mord peydireg

Yl va xopésovy 6ty RAM. Memory Hierarchy Design

e H petagopd and tov dicko (I/O) elvar n

CPU Registers

m Cache Memory (SRAMS)

; i‘v Main Memory (DRAMS)

Level 3 Magnetic Disk (Disk Storage

mo "axpin” dradikascio.
o Movada Métpnong: Aev petpdpe xpovo
(sec), petpape Block Accesses (mooa

blocks dwafalovpue).
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Level 4 Optical Disk

Increase in Capacity & Access Time

Level 5 Magnetic Tape

e Block (] Page): H pikpotepn povéda

petagopag dedouévaov (m.y. 4KB, 8KB).



dvowm Opydvmon
Amé ¢ Eyypagéc ota Blocks

e Record (Eyypaon): H puowr| amofnkevon plog mieddaog (tuple).
e Blocking Factor (R 1 bfr): [16ceg eyypapéc yopdve og éva Block;

e B: Méyebog Block (bytes)
H: Header Block (bytes - cuyva apeintéo 1 0 otig aoknoels)

S: Méyeboc Eyypaong (bytes
ediog g (logiss) ® Example: Assume blocks of length 64. We wish to store records of

fixed length representing numbers.

waste

01 4 7 8 11
.... number | square

name




Opyavaoon Apyeiov

Baocwéc MéBodou: Heap, Sorted & Hash

Mé£0060¢g Heprypagn) IThcovekTpora

Xwpodc (Heap File) Toyaio celpd eyypapwv Tayovtatn Ewcaymyn Apyn Avalnnon
(ypovoloyikn). (Append oto T€10C). (Linear Scan).

Ta&wounuévo Ta&wounon Pacet ['pMyopn Avalntnon Apyn Ewcayoyn

(Sorted File) KAELO10V. (Binary Search). (Amontet avadidtaén).

Kartaxeppatiopog Opyavmon oe Buckets Apeon IIpocPaon O(1) Advvapio Range Search
(Hashed File) péoom ovvaptong Hash.  yia iootwpieg (=). (Range Queries > <).



Evpempra

Tt etvon to Index;

e  Mia BonOnrtikn doun mov mepiéyet Cevyn (Key, Pointer).
e Emupénetl v dpeon edpeon Tov Block ympig va capdcovpe (scan) 6ho to apyeio.
e XtHyoc: Xvvdvacpog tayvtntog Sorted (oto Search) xoar Heap (o710 Insert).

e H mo dwdedopévn doun otig Baoeg Asdopévmv sivar ta B-Trees.

®m For every block b of the file, there is a record (v,b) in the index; v
is a key value that is at least as low as any key value on b, but

higher than any key value on any block preceding b. If b is the first
block, v=- is used.




B-Trees Ocwpia

Xapoaktnprotikd B-Tree (kon B+ Tree)

e Balanced (Ioopponnuévo): Ola ta VAL e B-Trees
Bpiokovtal oto 1010 emimedo. ® Index files can become quite large for large main files
Avvapiko: To Hyog Tpocappdletol avtopaTo. ® Indices on index files are possible
Aopn:
o  Eowtepikoi KopPot (Index Nodes): R 3level index
[epéyovv povo odnyovcs (pointers & ‘

— — 2nd-level index

keys).
o CD(i')y;ka (Data Nodes): [Tepiéyovv ta ‘.“
A F | s

D AOEDRGD SRR Gy e b

70 omoto ypnoponoteitanr cuvdmg ot BA.

1st-level ind
npaypotikd dedopéva (Records). evel index




Avvopikn Ipocapuoyn & leoppomia

e  Avvapwkr Aoun: To B-Tree npocappodletar avtopata kabang elcdyovpe 1 darypapovue 6edouva,
ST PAOVTOG TO VYOG TOL EAAYLOTO.
e Avolnmon (Search):
o  Eekwape and m Pilo.
o Ot deikteg katevBovovy v avalnon 6to cmoTd VITOdEVTPO (Ty. "Tpeés < 50 apiotepd).
e FEwaywyn (Insertion) & Split:
o Ta dedopéva eiodryovion mavto oto DO
o Overflow: Av éva gVOALo yepioet, dwaomdrar (Split) ota dvo.
o To pecaio kA&l "mpodyetar’ (avePaiver) otov matépa.
o Amotélecua: To dévtpo yniover povo otav dacnooctel n Pila. ‘Etol mapapével mdvta icopponnuévo.



Live Demo

Omntwkonoinon Asttovpyioc (Visual Tool)

e Epyaieio: USFCA B+ Tree Visualization

® Xevdpla mov eEgtdlovpe:
1. Sequential Insert: Etcoyoyn apiBudv pe m oepd (mapatipnon tov Split ota de&id).
2. Random Insert: Tvyaia glcoywyn kot avadidtaén Tov dEvVTpou.
3. Tapampnon: Ilog To 6évtpo dratnpeitan icopponnuévo (1010 Baboc oe Ola Ta @OAA).

e https://www.cs.usfca.edu/~galles/visualization/BPlusTree. html


https://www.cs.usfca.edu/~galles/visualization/BPlusTree.html

B-Trees Ocwpia

Xopnrwkotnta Koupov (O Zvpfoiicuds pog)

d (I'a Index Nodes): e (I'io Data Nodes | ®0AL0):
o Max Kiedud: 2d - 1 e Max Eyypagéc: 2e - 1
e Max Asiktec: 2d e Min Eyypagéc: e

e Min Aciktec: d (extdg pilag)

m A B-tree is characterized by two parameters d,e:
® d and e are integers such that, the number of index records a block

can hold is 2*d-1 and the number of records of the main file a
block can hold is 2*e-1.
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Aocxnoelg

Ynoloyiopog [Hapauerpowv Aévtpov

e Aedopéva: Block = 4096 bytes, Record = 200 bytes, Key = 20 bytes, Pointer = 4 bytes.
o Epomua A: I16co givar t0 e (Yo to QUALQ);

e Epdmua B: [16c0 givat 1o d (ya tovg kduPoug gvpetnpiov);
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Aocxnoelg

Avon Yroroyiouoo

Ynoloywouog e (Data Nodes):
e R =1014096/200]=20.
e Apa Max Records = 20.
o 2e-1<20—2e<21—>e<105—e=10.

Ynoloywopog d (Index Nodes):
e Index Entry Size = Key + Pointer = 20 + 4 = 24 bytes.
e Entries avd Block = L4096 [ 241 =170.
e MaxKeys=2d-1<170 -2d <171 ->d <855 — d=85.
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Q&A

TéAog ppovTicTnpiov

Epotoelc;

HY - 360 Apyeio kou Baoeig Aedopévav
dvon Zyediaon Baocewv Asdopévav (Mépog 1o)
Tupo Emetung YroAoyiotmv

[Mavemotuio Kprng
(05/12/25)
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