thEE RE - \FEERTEEEE

ST P A e e e P R R AR SRR 3R 5 R T 5E

FHEE
EARVASIEEfE I el
EAHBWEN

leeci@ipx.ntntu.edu.tw

W R

FIRIER (B B REE ( Object-Ortented Database) # -
FIFES B E— TR - BTN G
FI I - R BRI SO — (BB 5%
T o MBI EHERAB SR - —EE—
RS - — AR E T - HRICHELET 7%
1+ J] CH-tree » CG-tree Fll heC-tree 5115 » i THEEET
HHEERZS RIBIRERTLE - T H-tree 5 [ RIS IS 178
B A T B2 E S B EHERIF9 - e - BAT
BT AR R R L E P BT 5 FEB A » AT
Ll FEXGI A BT AT R i B 5 5 &

( Class-coding Tre ) » K3 B 5152 MFEFIH
Huffinan code B2 FLIHHE - 20t » TEAILGEZT?
HPEFZ BRI R A B BRI & - T H 7T
LUBSER B R a2 LB AR I EER T
BHERHE » BB BT a5 B A
B | BRI B -

IR
EHF— R EISIER L - FlinE s TEUE
(CAD/CAM) ~ 2 1%B8%R1E (MMDB) FIEREERER
1% (SDEs) %% - #EEAN B IR EEENEE
KBHVEE » (BRI —AELIGEER (record) FEER{ZHIRIRE
TGS (relational data model) o ARTEE@EE
B AR AR SRR - T BRI AIER
BRI o ST AR S AR T
fii0 © SHREBE - A DR — SRR TR
(aggregation) ~ T ChE £ B X ATHES-RATEA B
T4 - A FET A (inherit) #5055 BRI - fiA0 -
Y% &S - RISEMSS | EEEnE ERRE

PR
EERY A=Yl e
HESEFHAIAT

ERE BT (relation) REFRBGEEENEMEEE -
Y R EHEAR (Object-oriented datamodel) “MEFEEE
Huih T SRR - EE RISt R e
R HIRIR - EVHFEBRERIEED - EATAERHR
HIEFRE (entity) #ATLUARMDEREHE (modeling) » & —
B ES —(EME— I HE5AB (object identifier,0ID) 1
ETEBY (attribute) » TiBHERRRFREIHFRIRIE -
LM R TS - EHEAAMEE (sting ~ integer ©
boolean ) » AT LARE—HH BRI (a set of attributes) °
EE AR BRI e B A R — R (class) » M
SERIFIER Z AR IR
(1) $ERHEERAFE (class aggregation relationship) ©
1 SRS - #% A DUK —eERE R AT
& SRR - TG = (a8 - 2E
200 8 LR RRR S e R FISRRIER < RIRIRAGR
BB &R -
(2) AERIREERIR (class inheritance relationship) <
411+ E e B RTAR S RRAT B S FIEET
R RITE BFISE B2 F R
RERAHERRE - hEREIR Bt - It
i » 2 B AER IR AR R (TTEL A BRI
B = RIRIRAREN IR IRE AR R
ERMEERERE - 57 uEmE SRR TS
HIEE  BEE AR E (ndexing) (29] © £
—pEE R ER AP R A —EBEE R RE
(key) » ¥5—{ERTE: (relation) FFEECEE (record) X
0 BRI - SEAMREL LRI - RIRTEE
RIS (equal join) HFEMER - MEMEFERE
gD - RIERIMBAIREMES (agzregation) HEA
(inheritance ) RIS » BRIMLERERE 1S E A FTTA
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TEMERCR - TGS EPERIR A ST - AFRE
—EEREUENRS |G - BRI R HES ¢
Ch-tree index (8]~ H-tree index[10] ~ CG-tree index[7] ~heC-tree
index(11] = F8 7> 38 51 B9 #8 & B {® ( inheritance
relationship) + FIRHERIE 5 L BERIF T BERRR
1% (super-class/subclass) » WHLE T BIENIEGEA HEE
BIFFEREY: - EFIRFE— B R TR s
ERF - SRERESELORRE | B TEIERIRE
HIHLBIEERIRTEY (instances) » FlIEFIER AR
REVEK - A ABEEE R PATE B8 SRk
B2 LRERI SRR - EIEIERIAE LIRAR
HTEREASRER e TR ER Y © fliEs
SRHIENFA - RTERENA S - BEEET
EX N BFZETRER A A 8 - — e mEaiE
FRRIZFES [ (indexing) MVBRESIE A IR S MTERERTN
3 -
EEFRHAIFES |15 CH-tree + CG-tree 1 heC-tree 1 + #R
RERARRILE BRI class JSERY.Z IR AERRNE » T H-tree
BB RIS E M E T B - (Bt GEEHET—
[EE TR - TRER TSR EERIRAIAYIZeRE - f0
SREMESH R EE MR - PIATEALEE—ERL
B BT B 58T (left subtree) HUMIME - BEE7R
BT RER RSP AR —EZR (level) JERINIYY
&% 0 BRERS EEEER RN EIEE » ALl
BFARE —EFNFEBCBENRBEI &
( Class-coding Tree )« B EI: RILHHEAURS - B8
fmbsME A AR RBA AL E R BRIRAGR » LE L
B ER EE RS TPl - 3 A7EIER B #hE
TR RS - AU EEREE A SRIEIE LSRR -
EES TR ELE, - TFEEE T AR R R
FE EE SR MR ik e a
EHHE -
W HA 5 — R EEER A B AR e S HE R RS AT
RIS (1% - =R R MR RS [
WERIEE  TEEEIUE SRR A T FRR BT
I & 3B BB AT R Re S B ibe &
& » TR ARG R BRI FE A -

2. RREEET
SHETRIRERRIRERE DAL | BRTTHREAY
FEAREAIERARR TF I - B Es iR
4 B+tree B A3 E
(1) CH-tree 325 i + Rt HREER] (root class) #Y
—EBitERESIE B —EFE5 - BE
Hrlrh B HRB I ER Y RE—# -
(2) H-tree 351 * AlgtH—EBMES RIS EE
RIS —55| » 18R H-tree» 55T HIAERT
A " IAREARIRE ¢ & H-ree R EHRTE
12 (nesting poirter ) » FAHHE L BAERIHE T 5
HERIR H-tree ZEFIRERS -
(3) CG-tree FRE 11 * TEBEFEFHIRIGENSS (leal
nodes) HERHRAE-FR5(BH= - B2
CH-tree 325 [HIZE5 [fE B #% (key directory) 48
THERRBAERIBE # (class directory) ©
() heCueeF5 4 BIfEHE T E-—HEBIFHER
AZEEAOES NS  WEPRIETSS (internal
nodes) FRTERAITCE (bit map) @ FAREE TS
—ERES EAREEBEENYT - BT
B FESERIENITE 07 RIRREE
BIT BB LB MBIV » FTLART LIk 38
FIRINNEZ B FIRAER T BT &1
I -
TEVHFERE MR P - BT RIS S EER (class)
HEE R RE TR EEMAE TBE TR
Hh > EFAEER LIS RHRE C B3 (point
queries) ~ #3EIEZ (range queries) : FAERFITTEFRE
RS R R,
CHP (Class Hierarchy Point) queries :
B — ERID R TR
.
SCP  (Single Class Point) queries *
HE—(AEME & -
CHR (Class Hierarchy Range ) queries :
HE—EERL R E T A SR R
%
SCR  (Single Class Range ) queries *
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M —EER AR -
3. CC-tree Z5l¥k

e BiERHAYE [ iES (CH-tree > H-tree~ CU-tree »
heCetree) » ERHERASENYE HER SRR 2 RIEIAERA

1 i gEEE - SERRER RO (R 325 e R BTHY -
LI | SRR - A0 R MR ABEIER] Bmp LUK
BB TR (left subtree) HIEF7CE 35,000 fL}E?’ﬂ%I -4
S PRSP AR (level) B
B (i :
A 35,000 TERIB T » B ML ARINEFS T

Lecturer ~ Researcher - Staff ~ Worker) + E37

TR » SRS REREN TR | AR - W

R —EEESE - B RAEERT A S ERE
HLIEIELU R ERC BAR - BRI BFIRE—
(B [ thIEAE IR B R - METTSH T
EERBE RO -
FE > FAFIFTREE 5% > BB ERRBRS A
( Class-coding Tree , CC-tree) » HABFEZ5ELL Huffman
code HUSTE HRISIHERIRRG - LB 1 RERHEAER
i » fAESE 5 BN 2 -
I 2 FiT B ER R M LE e S — B
LRRHEAA cPRIHE L » 0 © $8BBmp BRI (code D)
£2(0) Mg R —ERER(root class): 7Y Acade
FAER Admin BIERABS B0 (00) F1 (01) » EHFSEFI(E
BB AARIERT (bit) » AL AIEEFEERHE

Iulp

w e,
J‘f,:x:;dr Addma
Ithhm!i»:-ml lwth s(.m n]

. . o -

Lecturer Tsesriber  Shlf Weskea
O P {me'p:s: —@{ 1rr'~r-:m:'nj ifiepm-?mi

dapretmont

| - — (A S EHARFR Y SREREERET
PEEHERRIE —EEZ (level) » T LIEMEERITRRS
RS ETTR S ETRIER - Rttt

2 A —8 728385 (brother) » B BIFRZER Emp
HIZE T (left subtree) 5T (right subtree) + [FIEE -
87 Lecturer ~ Researcher ~ Staff ~ Worker BIfRREIRISS
€000) ~ (001) ~ (010) ~ (011) > ERfRIBHIEE RIS
HEFRIFAR— B 7K TR Lecturer F Researcher #RAHHY
HITRREERE (00 tFtEHaRIER Acade HIRRES » Al
RSB ANE L BB IER Acade FIZETFRITIG T 5
TR Staff F1 Worker #RIBHIRTRIAEEDNZE (01D » k2
HEESERI Admin AUSRES » FTLUBREABLEEARIRE
3 Admin BIEFRIFIG 78 - B4 - ERERRG—E
ERHDFIEERET SRR A - (B R BE IR
(TCEENET - PIAnE 3 EENEOACTER T ARAIRE
BfiE - BE X ETIER - BIFE log X {ESTTEIRER
BETERIIMRE
B RSB, CC-tree 35 K58 » RIS CG-tree
28 TR R T LI S0t R ERES (range query )
T B8 F5 10 H-tree 33 R EEEIRIE IR ETREN: - 12
A0 hoC-tree 325 A AR B —IEUR IS RS IRE AR
B2 RRE -

Emp(0)
Acade(00) Admin(01)
Lecturer  Researcher  Staff  Worlker

(000) (001 ©10)  (011)

2~ EEERIRREIS T
(0)
(001) (010) (011)

(omm)(umw)(oong/&
(01001)@10103(01011

(01101011 10)(0112 1)

@3 - EEEs R REG A (X=3)
EH - SERRIEERE R CG-tree 385 [HERYEIBE PR
&%k (internal nodes) FIFIHEZ5 (leaf nodes) BUAERE)
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TRIRIHATEERI B 8% (set directory) BIREHE - BFiE
BRIB SN —EREE (code D) BIRNL » HiiES
B RHAE 4 -
£ TS B EE 206 AR IRIFHLIR A,
TERREFIRE e B 8% - St
FERSERBARAE S -
6 B CC-code tree WOAEHEIE - FI PR AERIIRIB RS |38
(PRI LAE S 2 bSiib R BIRORaRE
() ERFIEAEER Emp LR E/SETH (left
subtree ). FHFTKZE 35,000 THET : HFIRE
HRREERE (0)-(00) LUK (00) EFEE
A1 (000) ~ (001) HPEAHEZERALLT -
Q) EBRMBAEEEREE PR —B X
(level) BPAER! ({40 Lecturer ~ Researcher
Staff ~ Worker) » EFKZ 35,000 STHET
BIAFHEIGRISEZE =ADTeER] (000) -
(001~ (010) ~ (011) »
ER > HARETE RERINIREERN > i g EE
— BRI ER R IBLER SRS (class ID) HIZIG
& » LUR AR B kP 2 BAGIER IR ( class code) BRI ;
B2 SEEZRI T (SN AVRIER (a0 ¢ 255 8
SRR CIERS 2R 255bytes) » T LEHRHZS|
HRRAGR R ESY -

4. SHEEDAT

FEREENT - BV HATIREEPERRBRE i (CCaree)

TERCASSITT » AFD CH-tree ~ H-tree ~ CG-tree B heCetree
XN S RN G [ RN ST i (e il ()]
RFRA - TR AT SEE20] -
4.1 AT
BT ERMVESRR AR SNEE  LEST
ROTFHLBE RS 1 » $EBRFITRER
HEUT B
L BB [fE (key value) HIRMERIKIER -
2. BHEZRE HEREE AR -
3. B{EFERIFERES (nonleaf node) HEETHARIY
fanout (£) »
BT RSEERS S | RS S8k
2HR © BRILZAL - BFE RS HEAHR =i
1. Digioint (Aff):D= ZDi*Ne=1-
2. Total Inclusive (B2EE): D=MAX (D)
Ne=Te -
3. Partial Inclusive(ER38E): D= S (D) Ne»
1<Ne< Tee
ERFRIBABHE - ET BN AT RNATH
EREET RIS EBIENER 3 SR
BEAt - BefYhaE —BREEEAIAN P= 4096 (bytes) »
— (BT (OID) KIZ2REHY § bytes «

number R,

Rﬂl

of records | PT€V | next || K

COdE]IR].S]'...

lcode,,lR;.s,l code; | Rp.s | ...

4 ~ FERIFRIBIRS [ 2ER B SR FRmik

Ri

code;! R;.s; lcodes

null

C(;de null fcodes| R;.s4 C(;de

null

Conceptual Representation

record
K 1 code,

length|

R.s,

code, R.s,

Physical Representation
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5~ ERIRABES R B P —FEHBENRRE

R

35000

. 4

—— |/ Emp[1]

4
2,

W

s
/

i
! fAcade[11]
—> |Acade[16] ;" Acade[15]

¥

1
0Bz 00] Ry 55 [ 01 [Ey 53] 000 | srutt [ 00T [R5 010 sl [OTT ] rull

\-zﬁ ," “;
s
e | Emp[3] «—— Emp[11]J«——

7
7
;

Emp(2] L | Emp[4] |—=
Emp[9] j<—— |Emp[10]|<

¢
2
¢

—AAcade[12]| ——

7
4+
4

|

| Admin[22] > | Admin[21]

}, { .
. 7| Admin(25] P

Lecturer[31]

™

Lecturer[33]

;
Ly

i Lecturer[32]|——

<« |Researcher[43]

—— y|Researcher[42]}———
«——|Researcher[41][—

6 ~ —EERIMRREAES IERI BT

4.2 REFERA

—{E3RE (A NG 3RS 885 (index node) FAT{&H

EEF SRS - TEEETE T - BFTEREA CCtree 5

B BAD A R GRS BB AER -

4.2.1 CC-tree BB |1k FETFR A HEGE

HIE CC-tree BEERI B8 - FILETE—HEHE (MVE)

BERLERI B8 (Dir) h—{E%ES HERVIERIE SRR AL
(XD) » {BFEEAEINREF B EIER RS (code ID) »

F3EE (RIS (Noh) TRCERBFIREIRE | B4

CC-tree R heC-tree 325 [ BGRITTE (bit map) BI

$HFETHAE (mapping) » FRLVEEMBERIMOGREE - B

{EEE (W2 (NN) TRESRRIENRE (ND - RImET

85 (NL) FHERIE S (Dir) BINTHE -

4.2.2 TS RS

ERPNES RS BEIREENYEER (V=
50,000) - =B MBS (Di=2000) » BEEBIZHE (class
hierarchy ) & 10 B8R0 ( 7o =10)» SRIERAFRSHE
HISEIEIR (Ne) ZREEEE RS [ EEREFEEER -

# 1~ SR RSB AT

Control Parameters
Labels |Descriptions
D; no. of unique values in the index of class i.
no. of unique values in the domain of the
indexed attribute.
N total no. of objects in the class hierarchy.
N; no. of objectin class i.
total no. of OIDs per key in an attribute of a
K class hierarchy (K = |-N/ D-I)
average no. of OIDs per key in an attribute of a
K class i.(Ki= I_Ni/ D i-l)
average fanout from a nonleaf index node.
size of an index page inbytes.
Tc total no. of classes in the class hierarchy.
N no. of classes that contain objects with an.
c .
indexed value.
NRQ no. of key values in the range specified for a
given query.

FalE 7 ATRREROE - 7258 ARG b - E4IER
LR RIS IME— 3 [0 ik (CH-tee) EILL
S8 RS WY 5k (Hotree (G-tree~ CC-tree)
EEmE SRR T hoCree RSB BAT ERVERSE
B - LR R TR A T | RO ©
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Hox - [8] 7 HIEEERR (Ne) BURZRS BTSN - B Ne
=1~ Ne= 10 ZRHERERAIEIT - BIEREF (disioint) ~
BEBT2EE (ol inclusive) » - HAPREIMEERIZ
Bty EE (partial inclusive) » FHIE AT AIFEREEZR £
B BRI TR (K9 5% (H-tree~ CG-tree~ CC-tree)
BHYERE | ZZMB R B RAREML | MERESE
BIZRRE A E IR TME— 315 RV 7 ( CH-tree
heCtree) RIEERBTREEAINERT (MNe=10) B
EARRITERZER -

storage cost
3500
3000
2500 L /
L. 2000
g
g /| .
= 1500 :«/\\.‘ e CHTree
8 HTre
1000 CG-Tree
w© e beCTree
—#— CC-tree
0
12 3 4 5 6 7 8 9 10
HNe

7~ REFERER A

5351 - [ 75 CH-tree Tl heC-tree SETHFEZRE [HETEEHHR
iy B EeER T H T RN R E SRR R
B FERBIWES BT - R EREES
H— (@R E L EERNFIERIE (VE) B4 7F
H—fF R ISR 2 AT ENIERS

(D) » HpZE HESMESEE (D=2(D)/ Ne) »
BB GR35 B (NE) HHE - MERR e En
BN (JRED NedgR) WreEissRs B ez
B (IREN DIEA) » BRI R B BER 22 Rk S AR
A MRS T RIETERIRE R - T B RS
Ketgwd -
4.3 EFHA
TEE—ETE P » BV AITEEERS EErEda i,
THIZEFEDRA - RS RIS E 5T (E 8
—JE51EEEs (SCP) - JHA1ZE#EE (CHP) - E—ERlx
EEEH (SCR) LIRIERIZES @iE&a (CHR) -

4.3.1 CC-tree BRI B ZEHFE
B35 [EEARE SRR IEMEE  thgtest
EARIEIRE (ND B ESRIRENEE (ND) BB

(fanout) MIXE - (BB ERAFEEM EBIE
WEYHE ) EREEEER BT RS IBRENL - BE
DiEHZ D ERFIE (MRQ) RREFEHMLSH

x® 2 ARERZEHSBEAGRE

Derived Parameters

Labels [Descriptions

average length of a nonleaf-node index record in

XC .
bytes for a class-hierarchy.
g  [average length of a nonleaf-node index record in .
" |bytes for a single class.
. average length of a nonleaf-node index record in
XS5
bytes for all classes.
D average length of a directory-node index record in

bytes for CG-tree.
no. of entries in a leaf node for a single class.

NE

NE  |no. of entries in a leaf node for all classes.
OID  [no. of oid node in hcC-tree index .

Dir  |no. of directory node in CG-tree index .
NL:  |no. of leaf node in index 1.

NL  |no. of leaf-level index pages.

NI |no. of internal node in index 1,

NN |no. of nodes (leaf and internal) in index 4

i

r3 - BELSHE
1 7EJER #7125 (nonleaf node) o »
5 MBRYRE (key length) 2 bytes
ZEE[fE (key value) 8 bytes
8@ T —BRYFE & (next-level-page 4 bytes
pointer)
2FEFKARENEL (leafnode) o »
FCEAIHEE (record length) 2 byies
F5 {EHIRE (key length) 2 bytes
FE5HE (key value) 8 bytes
ENIAYFERE (overflow-page pointer) 4 bytes
3EFESEBS (key-directory) &1 »
FERIRYEE (number of class) 2 bytes
FERHRERS (classID) 2 bytes
AL (offset) 4 bytes
Wi ERUEYE (number of 2 bytes
OID)

HIFRImENES - RS CC-tree BEERIB £ - FILATFEIUR A
BEMEEE - 55 R - RERTE
HRWESER IR 1 E 515 ER0P i - FrLAER MR
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t90E - [EEEBEESER AcC-ree R EZATTE (bit
map) HIETFELNES (mapping) » A LIRS £
% FiL R YEE R EEIRA

SCP = ave _height(CC —tree) +1
CHP = ave _ height(CC — tree) + Nc

SCR = ave _ height(CC — tree) + f%

. _ NRQ-*
CHR = ave _height(CC - tree) + [m%c Nc
Single Class Pomt query
7
6 N
§ R v i
“ \_-R__M_H ==— (Fhiree
§4—E———ﬁ——-" n ~&— Hiree
‘s e
—¥ QC4gee
1
0
1 23 45 678 910
Ne

8 ~ SCP query
4.3.2 53 A4S RELTLEL
TEE—ER B2 HRIE (SCP) o » FiER5IH5E
HIESEERI S HR RS [BNEE - BhiE 8
A EAEAHY 3 E 6 2 |l 8 WRIEHFIAEE
BURABAIHE [ (H-trez ~ CGrtree ~ heCtree » CC-tree)
O A S SR R AR B A MR SIRY RS [
( CH-tree) BE » FILZEEISEHRIEN (QUFHL
Class Admin FHEF/KES 50,000 TTAIET) B » CH-ree 38
BlEM MRS HREENEBCE —THME
(CHP) H » IEIEEFRIRE (QaFHHFH KR 50,000
THIFFEET) B - B 9 W4 - EEERSEPRE
SERITIRRSIHOEEE 15 (CH-tree ~ heC-tree) HVEBATHIN
B8 « heC-tree 3R [VEFIRIRF 2L S TR TRV E -
P LATEIE FE 2 SRR S SR TCE -
FEE 9 FOE 10 23R > FRAIRIEERTN Kilger & Moerkotte
(Kilger & Moerkotte, 1994) ERBAREREETS | FERTH
REEETHME LRI RS E—EHRE
(CHP) > $HEBIEENGHFEFHL7E—#E (grouping by
key) BIEES | ( CH-tree ~ heC-tree) FHEHERTHAE - {H
SAEERIAeE S EEEE (CHR) - UEEES
RESE (Q3:sE#kH 7K A 50,000 E| 65,000 THIFFEET)

B o S ESIEERIE B EEER Y EREEE
( grouping by set membership) BYFE5 [i& ( H-tree~ CG-tree >
heC-tree ~ CC-tree) BIFEBHERIZIRE

Class Hierarchy Point query
25
var/ﬂ
§ 15 / —| —¢—CHire
gﬂ 0 / w/g/x/ K| e Haee
s ¥ CGitre
) ﬁx/y’ s beCe
e T o | T Gt
0 ey
1 2 3 4 5 6 7 8 9 10
quried classe
[& 9 ~ CHP query
Class Hierarchy Range query (No=10NRQ=50%)
1400
00 P -
1000
2 00 f_
| e
@ 600 g~ H-tree
= 40 ./'/ ,x/*/* CG-tree
0 T S
1 2 3 4 5 6 7 8 9 10
queried classe

{8 10 -~ CHR query (Nc=10, NRQ=50%)
5.

ErHEgEaERERAS  HENOREERS
(aggregation) BEFER (inheritance) FITE » ERIMLZEHER
3R HEEAEER AEE T - fEAR 05 BRI
BT TEER RS ARSI T - BRTEREAES
FiE (CH-tree ~ H-tree ~ CG-tree LR heC-iree) » #RTTIH
PR | HE S ERF R R IRIOR R - Ei
A HRIEREE (performance) BB EIRE - &
It AR EE S ERRE T —EE AR
a2 BIEREEEE % (Class-coding Tres CC-tree) » B
(e T B R ER RIS T S AR R AR £ - T
g2 g A o i BIGE — 2 R A B MR A
CC-tree BRR I EAEF AR ANIE DAL MRT AR
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HRENEEEE - FE - AT RSCERRS LR
TSR BB R R e B S B (R AR R
% KRB TR FE R -
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