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External Sorting and Evaluation of Relational Operators

1. (Exercise 13.1) Suppose you have a file with 10,000 pages and you have three buffer pages. An-
swer the following questions for each of these scenarios, assuming that our most general external
sorting algorithm is used:

A file with 10,000 pages and three available buffer pages.
A file with 20,000 pages and five available buffer pages.
A file with 2,000,000 pages and 17 available buffer pages.

Questions

iii.
iv.

How many runs will you produce in the first pass?

How many passes will it take to sort the file completely?

What is the total 1/O cost of sorting the file?

How many buffer pages do you need to sort the file completely in just two passes?

Amdvnon:

210 mparro mépaoua (ITépacua 0), wapdayovror [N /B] runs B oelidwv to kalbe éva, émov to N
eivaur 0 op10uog aeAidwv apyeiov kai to B eivar o apiOuog twv orabéciuwy oeriowy npoowpi-
VIS pvijung:

a. [10000/3] = 3334 ralivounuéve runs.

b. [20000/5] = 4000 ralivounuéva runs.

C. [2000000/17] = 117648 talivounuévo. runs.

. O ap18uog twv wepaoudtwy Tov yperaletar yio. va talivounbel to apyeio teAeiwg, ooumepiiou-

Povouévov tov apyikod mepdouatog, eivar [logg_1N1] + 1, émov N1 = [N/B] ¢ivau o a-
p1Ouog twv runs wov wopayOnkoy oo to Iépoouo. 0:

a. [log,3334] + 1 = 13 mepdouora.

b. [log,4000] + 1 = 7 mepaouaza.

C. [log16117648] + 1 = 6 mepdouora

Aedouévov ot kabe oelida o10faletal kKai YpAPETaL UG POPO. OVE. TEPATUA, O TOVOAIKOS ap1l-
1og I/Os oerioag yio tnv talivounon tov apyeiov givar 2 * N * (#repooudtwv):

a. 2*10000*13 = 260000.

b. 2*20000*7 = 280000.

C. 2*2000000*6 = 24000000.

210 mépaocuo. 0, rapdayovtar [N /B] runs. Xto wépooua 1, mpémel va eiuaote oe Oéon vo ovyywm-
VELGOVUE OPKETA FUNS éto1 tote B — 1 > [N /B]. Avto vmovoei 611 to B mpémel tovdayiotov vo.
elval opKeTa ueydro Etol wate va 1oyvel n avieotnta B * (B — 1) > N, n omoia umopei vo. ypn-
oyomoinBet yio. va. yiver pia vwobeon yio to B. Ev avveyeio n eikaoio Tpémel vo emikopw el ue
70V EAEYy0 TS TPOTHG avigotntas. Katd ovvéreia.:
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a. Me 10000 oelides oto apyeio, o B = 101 ixavomoiel kou tig dvo avieotnteg, ue B =
100 dev 1oyvet, omote yperalouaote 101 oelioes mpoowpivig uviung.

b. Me 20000 oelides oto apyeio, o B = 142 ikavomoiel kou tig ovo avieotnteg, ue B =
141 dev 10yvet, omote yperalouaote 142 oelioes mpoowpiving uviung.
C. Me 2000000 oelides ato apyeio, to B = 1415 ikavomoriel kot i dvo avieotnreg, pe B =

1414 oev 1oydel, omote yperolouoote 1415 oelides mpoowpivig uvnung.
2. (Exercise 14.3) Consider processing the following SQL projection query:
SELECT DISTINCT E.title, E.ename FROM Executives E

You are given the following information:

Executives has attributes ename, title, dname, and address; all are string fields of the same length.
The ename attribute is a candidate key.

The relation contains 10,000 pages.

There are 10 buffer pages.

Consider the optimized version of the sorting-based projection algorithm: The initial sorting pass
reads the input relation and creates sorted runs of tuples containing only attributes ename and ti-
tle. Subsequent merging passes eliminate duplicates while merging the initial runs to obtain a
single sorted result (as opposed to doing a separate pass to eliminate duplicates from a sorted re-
sult containing duplicates).

I. How many sorted runs are produced in the first pass? What is the average length of these
runs? (Assume that memory is utilized well and any available optimization to increase run
size is used.) What is the 1/O cost of this sorting pass?

ii. How many additional merge passes are required to compute the final result of the projec-
tion query? What is the 1/0 cost of these additional passes?

iii.

a. Suppose that a clustered B+ tree index on title is available. Is this index likely to offer a
cheaper alternative to sorting? Would your answer change if the index were unclustered?
Would your answer change if the index were a hash index?

b. Suppose that a clustered B+ tree index on ename is available. Is this index likely to offer
a cheaper alternative to sorting? Would your answer change if the index were unclus-
tered? Would your answer change if the index were a hash index?

c. Suppose that a clustered B+ tree index on <ename, title> is available. Is this index likely
to offer a cheaper alternative to sorting? Would your answer change if the index were
unclustered? Would your answer change if the index were a hash index?

iv. Suppose that the query is as follows:

SELECT E.title, E.ename FROM Executives E

That is, you are not required to do duplicate elimination. How would your answers to the

previous questions change?
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Andvinon:

To mpwro wépaouo o mopayayer 500 talvounuéva runs 10 celidwv kdabe éva, mov kootilel
15000 1/Os. Znu.: o1 taltvounuéves eyypapés mov mopdyoviar Eyovy 1o uioo uéyebog oe ayéon ue
TG APYIKES EYYPopES!

. Ta va evyywvevtody to runs mov mopdybnkav aroatodvia [logB_l[N/Bﬂ = [loge500] =3

repetoipw mepaouoto kootiCovrag 2*3*5000 = 30000 1/0s.

a. H ypnowonoinon evog deikty ovotadomoinuévov B+ dévipou oo title Oa ueiwve 1o kéotog oe
i avoalnnon, n 12.500 1/Os. 'Evag un ovotadomoinuévog ociktng Oa umopodoe evoeyouevws
vo. kootioel mepioaotepo axo 2500+100.000 (2500 oxo v aviyvevon tov B+ dévipou, kai
10000 * mierades ava aerida, v omoia vwobéoaue ot givou 10). Kota ovvémeia, o deiktng
oev Ba nrov ptnvotepog. Eav npémel vo. ypnoyoromnei hash o ociktng Qo elaptarroy omo eav
0 0€IKTNG eVl oVOTAVOTOINUEVOS. Xe avti Ty mepintwon, o hash deiktng Oa nrav mbavaog
PTHVOTEPOG.

b. H ypnoworoinon evog deikty ovoradomomuévonr B+ dévipov aro ename Qo ftav ptnvotepn
OO TO VO TALIVOUNGOVUE TO OPYELD, OEOOUEVOD OTL TO KOGTOS YpHons tov B+ dévipov Oo oy
12.500 I/Os. Agdouévov ot t0 ename givar Evo, DTOYNPLO KAELOL, KOVEVOS EAEYXOS Viow OITTAG
<title, ename> (evydpia dev yperaleror va yiver. Evag un ovotadomouévog oeiktne Oa amai-
tovae 2500 (aviyvevon tov ocikty) + 10000 * mleradeg ova oerido 1/Os kou étor mbovag Go.
NTaV aKpIPOTEPOS OO TO VO TOCIVOUNGOVUE TO OPYELD.

C. H ypnoworoinon evog deikty ovaradomoinueévov B+ dévipov oto <ename, title> Oa nrav ¢-
TLONG OLKOVOUIK(GS TO OTO00TIKOG OO TO VO TALIVounoovue 1o opyelo. Eva un ovaradoron-
Hévo B+ dévipo mavw oo id1a yopaxtypiotixa Qo enétpeme pia avalytnon OEikTnG-HUovo, Kol
Oa oy étor eCioov otkovouiko e to ovotadoroinuévo ocikty. Avty n uébodog (ovotadomoin-
wévo kou un) Bo. kootile mepirov 5000 1/0.

. Zépovtog 011 ) omofor] SITADY OV ATOUTEITOL, UTOPOVUE OTTAG VO. OVIYVEDCOVUE TH GYETH KOl VO,

omoppiyovue to. ovemBounta wedia oo kabe mieidoo. Avto eivar 1 KalDTEPN TTPOTNYIKY EKTOS
OO OTHV TEPITTOON TOV EVOAS OEIKTNG (CVATAOOTOINUEVOS 1] 1] TVOTOOOTOINUEVOS) aTO <ename,
title> eivar o100éo10G. Xe avTHY TNV TEPITTWON, UTOPOVUE VO, KAVODUE 10 OELKTHG-ULOVO QVIYVED-
on. (Enueiwote ot axoun koi ue ™ ypnon tov DISTINCT, ko oimin tyun dev vwopyer oty oma.-
VInon emeELON 0 ename €ivol Evo, DTOYNPLO KAELOL. Evtobtolg, évog tomikog feltiotomomntis oev
eivar mhovo va To ovoyvawpioel ovTo Kol Vo, TaPOAEIYEL TO OITAO o amofolnNs OImAMY TiumV.)
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