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MEPOX A’: Tree Structured Indexing

1. (Exercise 10.1) Consider the B+ tree index of order d = 2 shown in Figure 10.1.

iv.

V.

Vi.

Vii.

viii.

1%

Show the tree that would result from inserting a data entry with key 9 into this tree.

Show the B+ tree that would result from inserting a data entry with key 3 into the original
tree. How many page reads and page writes does the insertion require?

Show the B+ tree that would result from deleting the data entry with key 8 from the origi-
nal tree, assuming that the left sibling is checked for possible redistribution.

Show the B+ tree that would result from deleting the data entry with key 8 from the origi-
nal tree, assuming that the right sibling is checked for possible redistribution.

Show the B+ tree that would result from starting with the original tree, inserting a data en-
try with key 46 and then deleting the data entry with key 52.

Show the B+ tree that would result from deleting the data entry with key 91 from the orig-
inal tree.

Show the B+ tree that would result from starting with the original tree, inserting a data en-
try with key 59, and then deleting the data entry with key 91.

Show the B+ tree that would result from successively deleting the data entries with keys
32, 39, 41, 45, and 73 from the original tree.
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Figure 10.1 Tree for Exercise 10.1
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Amavrijoelg:

i. H xotaywpion ue kil 9 wopeufdrietor ato debvtepo pvllo. To dévipo mov mpokdTTel UETA
TNV KOTOYWPNON TOPOVTLALETAL GTO TYIUO.
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Figure 10.2

il. H rxatoywpion ue kieldi 3 mnyoiver oto mpwto pvllo F. Asdouévov ot to F umopei va ywpéoer
70 TOoAD téooepic katoywpioels (d = 2), to F dioonaron. H youniotepn xaroywpion tov véovo
p0lLov avefoiver otov mpoyovo tov F mov diaoraron exiong. To amotélecuo paivetor oto ayn-

no 10.3. H eroaywyn Qo amortioet va ypopodv 5 oelioes, orafaoua 4 aeAidwv ko onuiovpyio.
2 véwv oeliowv.
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Figure 10.3

. H katoympion ue kAeidi 8 diaypagpeta, pe ovvémeio to pvAlo N vo. Eyel Aryodtepo amd ovo kota-
xopioers. TO apiotepo sibling L eAéyyerou yra avoxozavoun. Asdouévoo ot to L Eyer meprooo-
TEPES OO OVO KOTOYWPITELS, TO VIOAOITO, KAEIOLG avakoTovéuovtal uetolo tov L kor tov N, ue
OVVETEELD. TO OEVTPO oT0 aynuo 10.4.
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Figure 10.4
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IV. Onwg kot oto epatnua 3, n kataywpion ue kAeldi 8 daypapetar oro to Sibling oo N. To
oecia sibling poAlo R tov N eAéyyetau yia avaxoatavousn, alié to R éxer tov eldyioro opiQuo
kle1orwv. Erouévag ta dvo siblings coyywvevoviar. To kAeidl otov mpdyovo twv N kar R mwov
Cexapile o TPOTPOTO, CVYYWVEDUEVO. PDIL0. O10ypapeTol. To TPOKOTTOV OEVIPO TOPOVTIALETOL
oto oynuo. 10.5.

\/ 8 iz 40 ‘ 73 85

/m Mmllm\»\m:

1« | 2% | B+ | g% || 10* | 18+ |27+ 32+ | 39% 41* | 45% 52+ | 5ax 73+ | 80* 91* | 99+

Figure 10.5

V. H kotoywpion e xAeiol 46 umopei vo, mopeufinbei ywpic omoieaonmote JOMKES AlLOYES GTO
0&vpo. AlLo 1 apaipeon e Katoywplong ue kel 52 avaykaler to povllo L vo cvyywvevtel
ue éva sibling (emidéCaue to deid sibling). Avto odnyel oty apaipeon evog kierdrod orov mpo-
yovo A tov L ka1 pe avtov tov tpomo tov youniouotos tov apifuod kleoiwv oto A katw amo
10V eAdyioto apluo rieldidv. Aedouévov ot 1o aprotepo Sibling B tov A éyer mepioootepa
OO TOV EAGYLTTO OPLOUO KAELOIDV, TPOYUATOTOIEITAL OVaKaTOVOuUl UETalD Tov A Kou tov B. To
1ed1K0 0évipo omeikovi{etal ato aynua 10.6.
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Figure 10.6

Vi. H dwoypagn e kataywpions ue kAetdl 91 npokolel éva oevaplo TopouoLo ue 1o epatnue S.
To amotéleauo poivetor ato aynuo. 10.7.
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Figure 10.7
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Vii. H kazoypion ue 1o kAetdi 59 umopei vo, sioaylel ywpic omoiecdnmote dopukéS alAayés oto 0é-
vipo. Koavéva sibling rov poAlov ue v kotaydpion ue to kleidi 91 dev ennpedleton and v
etooywyn. Emouevag n diaypopn e kataywpions ue kAglol 91 alldaler to 0évipo ue tpomo mwo-
AD wapduoto e to epartnua 6. To anotéleouo omeikovi{etar oto aynua 10.8.
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Figure 10.8

viii. Yroloyilovtag to deéia sibling yia mbavi ovyydvevon mparta, n diodoyixn draypopn twv Ka-
toywpioewv ue kiewoid 32, 39, 41, 45 ko1 73 mopdyovv 10 0EVIpo OV TOPOVGLALETAL OTO

oxnuo. 10.9.
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Figure 10.9
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MEPOX B’: Extendible Hashing

2. (Exercise 11.1) Consider the Extendible Hashing index shown in Figure 11.1. Answer the fol-
lowing questions about this index:

i.
ii.

iii.
iv.

V.
Vi.

Vil.

What can you say about the last entry that was inserted into the index?

What can you say about the last entry that was inserted into the index if you know that
there have been no deletions from this index so far?

Suppose you are told that there have been no deletions from this index so far. What can
you say about the last entry whose insertion into the index caused a split?

Show the index after inserting an entry with hash value 68.

Show the index after inserting entries with hash values 17 and 69 into the original tree.
Show the index after deleting the entry with hash value 21 into the original tree. (Assume
that the full deletion algorithm is used.)

Show the index after deleting the entry with hash value 10 into the original tree. Is a merge
triggered by this deletion? If not, explain why. (Assume that the full deletion algorithm is
used.)
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Figure 11.1 Figure for Exercise 11.1

ETMA 646: NMpoxwpnuéva Oéuata Baoewv Aedopévwy — EPTAZTHPIO #3, Eapivée E¢dunvo 2019
Y1reuBuvog EpyaoTtnpiwv: Xpioté@opog MNMavayiwrou



Amavrijoelg:

iv.

Mrmopei va eivor omoroonmote katoywpnon. Pooikd Tavia uropovue vo. fpodus uio. covayio.
HETALD TV EIGAYDYDV KL TV II0YPAPDV TAIPVOVTOS VIO TOPAOELYUO. IO, COYKEKPLUEVY TIUI]
LEeTOED TV TV TTOV PaivovTar va Exovy eloaylel televtaics oe kdbe bucket.

Lépte yio mapaderyuo v televtaia katoywpnon ue tun 16 ko mpoorabnore vo okepteite Ty
ene axoiovlio:

152110157514 12 3664 824 56 16 56D 24D 8D

. Amoxleiete 1 teAevtaia sloaywyn KaToxwpnong va. gixe oav amotéieoua to ywpiouo tov hash

apob 1o dbpolouo Twv katoywproswy oto buckets A ko A2 ivar 6. Av n televtaio Ty siye
pokaléoel to mepetaipw ywpioua. tov hash to dlporoua twv tuwv Oo. éxpeme vo. oy 5.

H televtaia kataywpnon mov mpokdiece ywpiouo tov hash ko avénon tov global depth dev
Oo. umopovaoe va. ftav aro to bucket C. Ta buckets B xai C eite ta buckets C kou D o umwopod-
oav va giyav mpokoiéoel emextaon tov hash xar avénon tov global depth alld emeidn Eépovue
011 dev vanple O10YPaPH KOUIOS KOTOYWPNONS Kol TO GOpPOLoUa TV KATOYWPHOEWDY THS VM-
one¢ kai Twv 0vo buckets eivar 4, amokieiovue kot avto 1o evosyouevo. Télog o oovovaouos A
ko1 A2 kabwg ko B ue D Qo umopovooy va eiyav mpokalécel enéxtaon tov hash ke adénon
zov global depth. AALd maipvovrag oav dedouévo ot to starting global depth 5zav 2, tote ené-

ktaon tov hash ko avénon tov global depth fo uropovoe vo. mpokaiéoer uévo o ovvdvaouog
A xou A2.
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Figure 11.2
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V. Ewova 11.3
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Figure 11.3
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Figure 11.4
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Vii. H diaypagiy e kazoywpnon ue tiun 10 dev umopetl va mpokaiéoel tny évawon kdmoiwv buckets
éotm Kol av gival 1 tedevtaio katoywpnon oto Bucket C yiati ro Bucket C eivou primary page
kol wpénel vo. tapoueiver oav place holder. Axoua ornw¢ prémovue oo directories 010 kou 110
oeiyvoov aro ioto bucket, Bucket C xai avtd eivau axoun o évoeiln mwg dev umopel va yivel
wepetoipw Evawon twv buckets. Eikova 11.5
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Figure 11.5
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