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1, &% %3|(Dense Index)
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1, & %35|(Dense Index)
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1, &% %3|(Dense Index)
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e Z 5| (Dense Index)

B A AEREERS|?
o ILRIBELRSIIMEKX
o HE| AL LB HEAFE

o EERBEAMKNICEEREE, AEEiH
T BRI

. g%?%lﬂl A\ L
o RE|HAKXEENE > BHEHGESIX
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2. #EE5|(Sparse Index)

B (BT ICRBERSIN

" BR: NS RERNE MR
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2. #EE5|(Sparse Index)

Sparse Index Sequential File
=
30 —
50| | T— o
20 40
90
110 . 50
130 60
150 70
170 80
190, . 90
210 100
230 k

BAEE RS &S H &HM (jpq@ustc.edu.cn)



2. #EE5|(Sparse Index)

m BLR?

o TE T ER3|ZIA

oxq‘lﬂ*iﬂ’ﬁai, WRERSITTLUEREPDRZRES| N
m Hiss

o T “REFARBENKRNICR? ” , FEIOIH
BHIREIR
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3. %%%5|(Multi-level Index)

= &5| LHEZRS|
9 :g&?gl\ Eﬁ?gl ------
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% 2% 5|(Multi-level Index)
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3. %%%5|(Multi-level Index)

B SRES|IHFL?
o —RESIAEERAM A EEREAF
o Z{KESIE /N, AIULRERNTF
o WML OXE
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3. %%%5|(Multi-level Index)

5]: —ER=4KB, —ZZ&5[10,0001 R, TR
A 1F1001N 25 |In, H40MB. —ZRk#EiZ25]100
AN, 400KB.
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3. ZE5|(Multi-level Index)
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= . #HBhZE3|(Secondary Index)

m %3] (Primary Index)
o INFFXH ERYZSI
o ILRIRRIIBRMHEBRRF
BRI MERATLARE I RIALE

o 1R:

= HAERS|
BEXHAIFZRREXREAF

o

o 1R:

BRIMENEREICRE
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1. ARSI B

MovieStar(name char(10) PRIMARY KEY, address char(20))

@ NameLtglE7TFEZESI|, idcFiknameFH
= Address_ L6l ZEiBIZE S|

Create Index adlndex On MovieStar(address)
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1. HEESIHZ
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2, HWEIEShsI
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3. HWBEIE 5| PRYE)IEHE

® Indirect Bucket

n ESHEE
o REABRERTREE
CEIEEEY

o MM THBES | FBHE I H g
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3. HWBEIE 5| PRYE)IEHE
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4. EHZES|(Inverted Index)

 NATMHERER, SHIRSIEERM

m AEZA
0 IEFE O
o BFEH > HKE
o B HE> MXHEHPAIE
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AR ] KX

o AN FIREILIE)E
o HHVIEST R AR ER AL
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4, FHZES|(Inverted Index)

...the cat

____-—/ is fat...

cat - S
[ \‘ ... Was raining
cats and
' dogs...

dog —
Inverted
index ...Fido the
Buckets dog...
Documents
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4, FHZES|(Inverted Index)

fype Position I T fBIHER 3 | HOF
UBEEZER
—/’_" title 5,

cat header| 10 —

anchor| 3 —— @

text 57 N \

N doc :
__/_"‘ title 100 - @

o8 title 12 aull
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1. HER

57 81| 95
To next leaf
-
in sequence
Y
To record To record To record
with key with key with key
57 81 95

* XTI — R TR

* 1 MEEIESPATZE S RVEET

« Z/ (n+1)/2] NESHIEEIEEE

W DA
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2, RESR

57| 81 (95
/-
To keys  To keys To keys To keys
< 57 57 - 80 81 - 94 = 95
* nME{EX] Sn+ 14> F
c FINMHERSE i1 N FNPRR/NHRE

c IRERED 2 EF

« Z/0 [ (n+1)2] NMESIEEIFH

W DA
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B+ 45 25+

n=3

Full node min. node
4 = N d = N
Interior - /E/EE‘ ‘ = ‘
S "
< ™M 7 R o
Leaf L L
L Vv Vo
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3. B+RE

 \NIRE L H G
B RiEEET, BERRIEMES
B EHELPRINFER
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4, B+HEAN

B EREANES R

B EMERPAERME GB) , MEA

B HRAEE, NoRHER
o MARM N HRAMMERRERPHEA—TTFER
o iBYA[E £ 573
o NHRIAETFENREGRPHIEMLABE
oﬂ]ﬁl\: ERER TR, WEERE—IHHRE
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B+ Hi RN 5-F

(a) Insert key = 32 n

3

100

30
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~— 30
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~— 32
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B+ RN BT

(b) Insert key = 7 n

3

100

™M LN y(:
. 1
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B+ 1R N 6+

(c) Insert key = 160 n

3

<N

\\
120
150
| 18Q
180

4/"% I/ \\\
TRRg| 82 | 88
Th_l'l || |
11 I I
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B+ Hi RN 5-F

(d) New root, insert 45 n

3

new root O

AN
/1\\

N
?Q
20

N\

E—

1
2
3
1 10
T 12
< 30
< 32

LU

o LN
< <+
||
v oV
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5. B+Hiip&

n EREMBRVEEE, HHMER<
R FERRREERETHEE, NiFE
o HHHMHMESHPRBIERASTHEE, MEFHEF
— I REREIZE ST
o BN, e ZERSHIPES
¢ EHAEERE S PRBR— N TFE S
o 1Y o) _EMlBx
- ﬁﬂﬂ“l‘?ﬂ']mﬂ'féﬁ)ﬁ'?ﬂ"]ﬂai']\%iﬁ, M FTxt A
ERRIBEEMLLEEE
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B - #% filll B 451

® (a) Simple delete =4
o Delete 30
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B - #% filll B 451

m (b) Coalesce with sibling n=4

o Delete 50
/
//Sﬁ§\\
/__>\ /_>
oo O
— (N <
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B - #% filll B 451

® (c) Redistribute keys n=4
o Delete 50
o/
2£8
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6. BI+HRIRIZER

- 17'5|7?§IE’JI/01’<11T ME (B+HTEEFR
7) &0 (FIEARE)

" NESEEANEE3E, BELWRSII/ORGMAiE
33 (BN AEid4)

o BEBAT, ROAEHEARF, FkESII/ON
NAd8id2 (BRNAFEBIE3)
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B ZRK/NEKB,

6. BI+HRHIHE

i2B (smallint) , }E%+2B

, M— AT H204841 % 5| IR

B# | RFIRD (BBERAD | RENERZ
1 1/8KB 2047

2 |(1+2048)/%116M 2141977 (222)
3 |(1+2"+222)/4132G #185{7,(233)

W DA
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=. #%I3=(Hash Table)

m 55k (Hash Functions)

o h: E##E(F%#E) — [0...B - 1]

o @ (Buckets), numbered 0,1,..., B-1
m HHIRSIFE

o {E—NEXEK, WNHMNIEFLENMTH
h(K)

o HE—HEHRN—IR, M I/OX#H=1
o BNHESHBRE, FiI=E2R¥/B
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O |9 |
2 records/block
1 e
"""""""""""" 1 block/bucket
K — h(K)j\ 2 u
2 |b
3 |a
f
h(a)=h(f)=3
h(d)=0
h(e)=h(c)=1 N\ Hash Function
h(b)=2
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2, FIIREX

m B
o MTHEREFIREK, TTHEh(K)
o IRIEh(K)ENLIF
o B HHYIR
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3. BYIFRMBEA

BT EFRAIEREh(K), EAHE
n BHEPAZE, MWHEA

o B — iR FICRE T miR P
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TAADGF

#HAg, h(k)=1

9 ]
2 b {L
3 [a L Overflow Block
f
Hash Table
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3. B5E=MIER

 RFELEREKTENMK), EMEMICR
u flER

o I mEBR ?
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A = R 151 -F

EXAMPLE: deletion

Delete: o[ a F )
e 1 b _—I\’\\( ]
f 2 d N\
C 2| o P T ~~
: el ‘gmaybe move
g -~ ‘g’up
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4, BHFRZS8)F|FH 2|0

m FEF R
o SLIREEH / BTN ERRER
0 <50%: ZE);RER
0 >80%: BEH~EmNIR, BFEREAMEE
0 50%#I80% 2z |8 (GOOD! )
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5. XHIEC

B B NHRIEICERRD R AIEZS, M
I/0
o K EIFSHIYIZRMER
+» Al RBE5I3R (Extensible Hash Tables)

o B fEIE @B
¢ ZME%5)3% (Linear Hash Tables)

o I N
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6. Al RREFIF=

m HYERHh(k)2—1b(E X)L S F5)
, BIQRFEBEE.

m iR {EREBUEI A RVIB TR A

«— b —_—

by — i HIF5,
h) —— | 00110101 BT B T X 4> 4

—

1
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6. Al RREFIF=

B B R — R E

00
hk)gg N~ o1
RIHAL -
11

b=4

| =2

W DA

0001

0111

-
N

11001

1010

1100

VA
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6. A REFIFR

Example: h(k) is 4 bits; 2 keys/bucket

1

0001 |-

LT

/

1001

Insert 1010

W DA

AT2

1100

| = 2
- 00
T 01
P 11

New directory
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6. Al REFIR

Example continued -
0000
i= 2
— 0001
00 ~__
- \X/l—-z
- — | 0907|0111
10 \ 1P
11 \ 2
1001
Insert: 1010
0111 5
0000 1100
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6. W RHTIK

R 3
Example continued / 0000 %’/—— 000
= 0001
j= 2 T 001
0\ 0111 2 010
01 T
— 011
e 1001 3
" 1001 |~ 100
1001 == 101
Insert: . 110
1001 1100 = 111

W DA
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6. Al RREFIF=

Iy =¥
HERIERE, REER 1 FiER.
B I=F

ﬁ%%LFM AJRESSFBATERAS TED

e, FIEMAFEEFPHIRE, K
K o
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7. ZMHESISR

m h(K)h=—#FLFS, {BERRIZR)IMAL
X 5718
o HE#=n, h(K)MAIHI=m
o Em<n, MIZRNLTFEmM 4
o BEn <m < 2L,MERATE m-21 44
o NHIEH: BRENSIHENCRSBr RFRENEIE

=87
@ ﬁgiﬂﬁ SRR EARBE R L Hl R It
=R =]
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7. ZMHESISR

1 o | 0000
1010

n=>2

r=3 { 1111

i HEIRERARESRBUERRLE, ARG
n: HATAVHELH
r: HEEZIRFENIEFESE r/n < 1.7
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7. ZMHESISR

= fAN0101

rIn=4/2, #8313 71.7, R AI8hnghitE

oo | 0000
1 o | 0000 i—=2
1010 3 0101
n=2 1= 0 m=3
_ 1111 n=3
r=3 { 1111 r=4 t¥>§*?’£%14\ﬁ

10 | 1010
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7. ZMHESISR

® 50001
rIn=>5/3, /NF1.7, BRLARIEINFh@m (B im iR

00 0000 00 0000
|=2 =2
I //\
n=3 01 0101 n=3 01 0101 1111
.y 1111 s 0001
10 | 1010 10 | 1010
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7. ZMHESISR

m f{iA0111
rIn=6/3, XF1.7, FrLAEInETiE
o0 | 0000
| //A\a : |=2
n=3 | ., | 0101 1111 | n=4
r=>5 0001 r=6
10 | 1010

W DA
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7. ZMHESISR

m B4
o FIEMERM T BEFIFR
o IR RELL AT REIFISRE
o ZE MR
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INGE

RS

o B+-Tree

= HIRES
o Static Hashing

o Linear Hashing
o Extensible Hashing
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