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1. B&EF5|(Dense Index)
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1. B&EF5|(Dense Index)

Dense Index Sequential File
10 10
20 . 20
7 I
=3|1R 40
0 50
10 > ol = 50
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1. B&EF5|(Dense Index)

Dense Index Sequential File
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20 120
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90 \\ 80
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10 1L —
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1. & 5|(Dense Index)

m At AERABERS|?
o ILRIEELLESIINEKX
o?%l‘ﬂd%— W‘ﬁ

o EERBENKNERREEFE, TRENE
MR EIR

B BERSIEL?
o RE|HBAARENE [ > BHHESIXH

BUE E R 495 K S &R (jpg@ustc.edu.cn)



2. BEES|(Sparse Index)
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2. BHEES|(Sparse Index)

Sparse Index Sequential File
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110 \ 50
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3. ¥4 F5|(Multi-level Index)
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3. L FT|(Multi-level Index)
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3. L FT|(Multi-level Index)
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3. L FT|(Multi-level Index)
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3. 2L FEF|(Multi-level Index)
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1. WBIRSIW

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

= Namel8liZT7TEZES|, idFREnameFFr
m Address_ L fl)iZH#B1ZE S|

Create Index adlndex On MovieStar(address)

BUE E R 495 K S &R (jpg@ustc.edu.cn)



1. WBIRSIW
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3. FENRS|PAYEEE

B Indirect Bucket
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3. FENRS|PAYEEE
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4. BHES|(Inverted Index)
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4. BHEES|(Inverted Index)
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cat - ]
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4. AHES|(Inverted Index)
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1. H&ER

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 — 5T
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2. hEER

57

81

95

/

/

N
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B-+#&E T

n=3

Full node min. node
4 = N d = N
Interior - /§/§‘§‘ ‘ = ‘
S A [—
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Leaf L |
L Vo Vo
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3. B+H&ER
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4. B+WEA
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B+ MR BT

(a) Insert key = 32 n=3
/SD N
e \
/ T\
/ N\
LT
T I
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B+ BT

(b) Insert key = 7 n

3

mn || A
- |
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n

00¢—
08T+

64T
091

B+ RHARA BT

00T

OST——
0ST——

(c) Insert key = 160
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(d) New root, insert 45 n
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5. B+inN
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B+ &R M+

m (a) Simple delete n=4
o Delete 30
/
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I < —
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| 40
| 50
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B+ &R HF

m (b) Coalesce with sibling n=4

o Delete 50
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6. B+Hay¥E
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B-tree vs. B+-tree

B-Hif

m B-tree
o FTET RERFIESCPRAY

Bl (o AR AN
o MEXLEETH =ENE

o BEAWREHEIEM T S U 1 e e
lﬁzﬁﬁ B-#}

o EHMEMM—FXHE
454

m B+-tree 5[. So/ I\
o TRAGIFEMEIE
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=. #%¥%(Hash Table)

m 5%k # (Hash Functions)

o h: EXx#E(#HI%E) — [0...B-1]
o #(Buckets), numbered 0,1,..., B-1

n BYIESIGE

o {HE—NEHKREK, WNAICFYEN T
h(K)+

o H—HEP{N—3k, N I/0X#H=1
o BNIHRESHBRE, Fi=E25%/B
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1. IR

O fd
2 records/block
1 e
- h(K)j\ . 1 block/bucket
2 |b__
3 |
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. MYRER

m R
o MTH/ERFTIE{EK, THEHh(K)
o IRIEh(K)ELHE
o EIRHPRULR
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3. MIIRIBA

AANIERHIh(K), TELH

m ElREREIE, MHEA

i EE
n
o BIE—1{ it
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HRAFIERE Timt

L]

R
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HAg, h(k)=1

9 ]
2 b {L
3 [a L Overflow Block
f
Hash Table
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B RIBLETER

u AR

QI:I

I

Ll

B B AR 48 BN

L]

3. W=

R7

HEKHTEh(K), EMAHEMIZE
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RSN T

EXAMPLE: deletion

Delete: o a F )
e 1 b __I\’\v ]
f - d ~ N\
C 2l e & ™~
? el ‘gmaybe move
g -~ “g"up
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4. #IFTEEE)F AR )

m |6 F R
o SEPRBEH / FRERTHENRER
0 <50%: ZTIERER
0o >80%: BH~TE R, BEEREIAMRE
o 50%ZI80% 2z id (GOOD! )
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5. X

n HIESCHRVEK MR R SIS, M
I/0
o RATITSHIIZRME IR
+» Al EBE%3= (Extensible Hash Tables)

o Y fEIEmMEEE
+» ZMH%)3%R (Linear Hash Tables)

o Zx I8N
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6. Wi REIIR

m YR B h(k)R—1b(E X)L Zi3H FF5)
, BNRHEIEE .

u iRERERE S GRS IR A

«— b _—

by — 3 HIF5,
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6. Wi REIIR

u Blif R — %A

00
nGorg N\ 01
Biif o
11
b=4
=2
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=
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11001
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1100
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6. WY RmEIIR

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

1

0001 |-

e

/

Insert 1010

BEERG LN

ew directory

I= )
> 00
\\ 01
(///////////- 10
P 11
/\I
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6. WY RmEIIR

Example continued :
0000
i= 2
— 0001
00 ~__
01 \X/l—-z
- —— 0067|0111
10 S 0141
11 \\ 2
1001
Insert: 1010
0111 ,
0000 1100
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6. Wi RN

. 3

Example continued 0000 2 000

i= 0001 | ——— |
y — 001
\g\\ o111 |2 010

01 T
[ 011

e 1001 3

" 1001 |~ 100
1010 101
Insert: .
1001 =
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6. Wi REIIR

m A
—RIER TAFERRLR, ELNERER
B, REER—INFEER.

R

RIRKEER, TERESBENERAS TED
*g;%éﬁ Ml H M RFEEFPRRRE, K
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o 7. BiEWTIE

m h(K)hR2Z#HEHM RS, {BfERAABR)IfL
X573
o HE¥i=n, h(KWAHIL=m
o &HEm<n, M[ERATFTEMIH
o HEN<m < 2, MR TFE m-2i-1 MF
o NHIEHE: RERMFEnSHANEREHrRFENEE

EE 6
@ ;‘aﬁﬁﬁﬂﬁ SRR T IR BB R Bl A F
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7. MR

1 o | 0000
1010

n=2

r=3 { 1111

i HEIRERRES R BUERRLE, ARG
n: HBPIHYHEE
r: HETESIRFENEEERE /n < 1.7
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7. MR

= {0101

rIn=4/2, #3i371.7, R IEhnghiE

00 | 0000
—. ] o | 0000 —
1010 3 0101
n=2 nN= =3
O m
_ 1111 n=3
r= { 1111 r=4 t¥>?§7£%1/l\ﬁ

10 | 1010
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7. MR

= fHAN0001
rIn=>5/3, /INF1.7, BRLAANIEHNFAE M € A im L iR

00 0000 00 0000
|=2 =2
| //\
n=3 01 0101 n=3 0101 1111
01
.y 1111 s 0001
10 | 1010 10 | 1010
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m fHAN0111
oo | 0000
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I //\
n=3 01 0101
s 0001
10 | 1010
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7. MR

rIn=6/3, XF1.7, FRLLEinER+

1111

00

01

10

11

0000

0101

0001

1010

0111

1111
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7. MR

m B4
o FEMRMT I REFIF=
o IR MRELL I REIIFRE

o LRETEREBIT
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B R SIGH

o B+-Tree

= HEEES
o Static Hashing

o Linear Hashing
o Extensible Hashing
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