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EPrAZTHPIO #2

MEPOZX A": Aoknoeic: Storage and Indexing Overview

1. (Exercise 8.3) Consider a relation stored as a randomly ordered file for which the only index is an
unclustered index on a field called sal. If you want to retrieve all records with sal > 20, is using the
index always the best alternative? Explain.

Anravrnon: Oy Xe avtijv v mepintwon, o oeiktng eivor unclustered, kdbe katoywpion tov deikty wov
mAnpoi ta kpitipio. Oo. uwopovoe va mepiéyer éva rid mov deiyvel oe (o S1aPoPETIKI OEAIOQ OedOUEVWY,
mov oonyel oe 1600, 1/Os gelidowv dedouévwy ooa 0 apliuos TV KOTaYmPRoEMY OEIKTH TOV TOIPIGLOVY
LE TNV EPATNHON EVPOVS TIUWDV. XE AVTHY TNV KATAOTAOH, 1] XPHOLUOTOINGN OEIKTH EIVOL TPOYUATIKG, YEIPO-
tepn oo ) odpwon tov apyeiov (file scan).

2. (Exercise 8.9) What main conclusions can you draw from the discussion of the five basic file
organizations discussed in Section 8.4? (Heap, Sorted, Clustered, Unclustered tree index,
Unclustered hash index Book p.283) Which of the five organizations would you choose for a file
where the most frequent operations are as follows?

i. Search for records based on a range of field values.
ii. Perform inserts and scans, where the order of records does not matter.
iii. Search for a record based on a particular field value

Heap 0.5BD Search +
D

Sorted BD Dlog»(B) Dlog,(B) + matching ~ Search + BD Search
pages +BD

Clustered 1.5BD Dloge(1.5B) Dlogg(1.5B) + Search + D Search
matching pages +D

Unclustered BD(R + D+ Dlogg(index size) + 3D + Search
tree index 0.15) Dlogr(0.15B) D*matching records Dloge(index +2D
size)

Unclustered BD (R + 2D BD 4D Search
hash index 0.125) +2D

B = Number of data pages when records are packed onto pages with no wasted space
D = Average time to read or write a disk page
F = Fan-out (tree indexes). Typically at least 100.
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Heap Files

Scan: Cost is BD since we have to retrieve each of B pages with each page taking D time.
Equality Search: If exactly one record matches the desired equality search then on average we
must scan half of the file, assuming record exists in only that part of file. Hence cost is
0.5BD.

Range Search: In this entire file must be scanned for matching records. So cost is BD.

Insert: If records are inserted at the end of page the time taken is fetching the page and writing
back the page. So cost is 2D.

Delete: Here time taken is searching for relevant record and writing back the page after delet-
ing record from it. So cost is Search + D.

Sorted Files

Scan: Cost is BD since we have to retrieve each of B pages with each page taking D time.
Equality Search: If we assume that the equality search is specified on the field by which the
file is sorted, then we can search for the record by the help of binary search. Hence cost is
Dlogz(B).

Range Search: It is equality search for all matching records. So cost is Dlogz(B) + match-

ing pages.

Insert: To insert the record while preserving the sorted order, first we have to search for the
correct position in the file, add record and then fetch and rewrite all subsequent pages. So
cost is Search + BD.

Delete: Here we search for record, remove the record from the page, and rewrite the subsequent
pages to fill the space created by the record which is deleted. Hence cost is Search + BD.

Clustered Tree Index

Scan: Here effective number of pages is 1.5 times more than pages in heap files since page oc-
cupancy is 67%. So, Cost is 1.5BD since we have to retrieve all the pages with each page tak-
ing D time.

Equality Search: If data records are ordered as data entries in some index, then we do F-ary
search. So cost in Dlogr(1.5B).

Range Search: It is equality search for all matching records. So cost is Dlogr(1.5B) +
matching pages.

Insert: Here time required is for searching correct position for record in the page and writ-

ing back the page. So cost is Search + D.

Delete: Similar to insert, first search for page, delete record from it and write back the page.
Cost is Search + D.

Unclustered Tree Index

Assumptions: the size of one data entry is 10% the size of one record; also, index pages have
2/3=67% occupancy; therefore, number of index leaf pages is 0.1*1.5B = 0.15B

Scan: Here each record takes D time to read from a single page. So reading R record from a
page takes DR time. Hence total cost for B pages is BDR + Read index.
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e Equality Search: If we assume that data index size is one-tenth of data record, then no. leaf
pages are 0.15B. So cost incurred is D + Dloge(0.15B).

e Range Search: It includes equality search and matching pages. So cost is Dlogr(index size) +
D*matching records.

e Insert: Time required is for searching the page, fetching it, adding records and writing back
the page. So cost is 3D + Dlogg(index size).

e Delete: First we search for the page where record to be deleted is located, then fetch the page,
remove record and write back the page. So cost is Search + 2D.

Unclustered Hash Index

Assumptions: the size of one data entry is 10% the size of one record; static hashing, no overflow
pages (one bucket is one page); 4/5 = 80% occupancy; therefore , 0.1*1.25B = 0.125B pages for data
entries

e Scan: Here each record takes D time to read from a single page. So reading R record from a
page takes DR time. Hence total cost for B pages is BDR + Read index.

e Equality Search: If search is on the search key of hashed file, then total cost is of only getting
the relevant page of data entry and record, so cost is 2D.

e Range Search: This search can be as worst as scanning the whole file. Hence cost incurred
in this is of retrieving all the pages. So cost is BD.

e Insert: Here by using search key, we can read the relevant pages, add record to it and then write
back the page. So cost involved with it is 4D.

e Delete: Cost involved with it is searching for the record, reading the page, deleting the record
and writing back the page. So cost is Search + 2D.

Please check Lecture 2 slide 21 for more information.

Amravren: To kbpio oOUTEPAGLLOL Y10 TIG TEVTE OPYOVATEIS OPYELV EIVAL OTI KAl 01 TEVTE EYOVV TO TAE-
OVEKTHUOTO. KO TO, UELOVEKTHUATO. ToVG. Kauio opydvamon apyeiwv oev Ivor ouoLOuoppo. avatepy o€ O-
Aeg g karaotaoels. H emiAoyn tov Katdliniwyv doumv yio. Eva. de0ouEVO aOVOLO GTOLYEIWY UTOPEL Va
EYEL EVOV TNUOVTIKO QVTIKTOTO ETAV® OTHYV amoooan. Eva un tolrvounuévo apyeio eivar kOADTEPO GV
ETLOLDOKOVTOL UOVO 01 TANPELS oopaaels apyeiwv. Evo apyeio hash deixty eivar kalvtepo eav n mio koi-
vy Agrtovpyio givor pio. emiAoyy wootntag. Eva taltvounuévo opyeio gival kaAvtepo eav emioiwxovial &-
TIA0YES EDPOLS TIUWY KoL Ta. dedouéva eivau otatikd. Eva clustered B+ dévipo eivou koddtepo eav ot &-
TIAOYEC E0POVS TIUMY EIVaL OHUAVTIKES Kal 1@ dsoousve, eivar ovvouka. Evag unclustered B+ dévpo
OEIKTNG EIVAL YPNOLUOS Y10, EMLOYES (UIKPOD) EDPOVS TYLWDYV, ELOIKC, ECV TPETEL VO, OUOOOTOINCOVUE Pdon
EVOG GALOD KAEIO10D OVOLHTHONS Y10 VO, DTOGTHPICOVUE KOTOL0 KOIVH EPWTHON.

I.  Xpnowworoidvrog ovta to medio we kAeldl avalitnong, Oo. emiléyous uia opyavamon
taltvounuévav apyeiov 1 éva clustered B+ dévipo avaloya e v to. dedouéve eivar oToTikd 1
OyL.

ii. Eva opyeio Heap Oa ntav kaldtepn emidoyn oe ovtiy v KaTAoTO0N.

ii. I'ta yprion avtod Tov oVYKEKPLUEVOD TEITOD TOUER WS KAELOT avalhTnong, n emidoyn evog hash
oeiktn apyeiov Oa nrav n Kadvtepy.
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3. (Exercise 8.11) Consider the following relations:
Emp(eid: integer, ename: varchar, sal: integer, age: integer, did: integer)
Dept(did: integer, budget: integer, floor: integer, mgr_eid: integer)

Salaries range from $10,000 to $100,000, ages vary from 20 to 80, each department has about five
employees on average, there are 10 floors, and budgets vary from $10,000 to $1 million. You can
assume uniform distributions of values.

For each of the following queries, which of the listed index choices would you choose to speed up
the query? If your database system does not consider index-only plans (i.e., data records are always
retrieved even if enough information is available in the index entry), how would your answer
change? Explain briefly.

1. Query: Print ename, age, and sal for all employees.
(a) Clustered hash index on (ename, age, sal) fields of Emp.
(b) Unclustered hash index on (ename, age, sal) fields of Emp.
(c) Clustered B+ tree index on (ename, age, sal) fields of Emp.
(d) Unclustered hash index on (eid, did) fields of Emp.
(e) No index.

2. Query: Find the dids of departments that are on the 10th floor and have a budget of less than
$15,000.

(a) Clustered hash index on the floor field of Dept.

(b) Unclustered hash index on the floor field of Dept.

(c) Clustered B+ tree index on (floor, budget) fields of Dept.

(d) Clustered B+ tree index on the budget field of Dept.

(e) No index.

Anravryon:

1. Ipérer va onuovpynoovue dcikty hash ora medio (ename, age, sal) oo Emp (b) ondre Oa
UTopovaouE vo, kavovue pia odpwon oetktaov-uovo (index only scan). Eav to odotnud pag dev
vrootnpilel oyédia oeiktawv-udvo (index-only plans) tote dev mpémer va onuiovpyioovue évov
oeikTn yio. avTHY THY EPATHON (). Agdouevon Ot1 avTh 1 EPWTNON UGS OTOITEL TPOTHacH GE OAa
70, dedoueva tov Emp, évag deirktns oev Oo. uag fonbnoer kaboiov, kai Etol Tpémel vo TAPOLUE TIG
EYYPOPES XPHOYLOTOLOVTOS TOPDTH OPYELOD.

2. Ilpémer vo, onquiovpynoovue évoy clustered dense B+ dévipo deikty (y) ota medio (floor, budget)
tov Dept, dedouévov oni katomv avtod o1 eyypopés Bo. eivar tolivounuéves foon avtwv twv
weoiwv. Etol katd extéleon avtic e epwtnong, n mpaty eyypopn ue floor = 10 mpémer vo
avaxtnBei, ko émerta o1 dAdes eyypopéc ue floor = 10 umopodv va dafactodv katd cepd tov

budget.
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