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Two Alternatives




Two Alternatives




Example hash function




X This may not be best function ...

x| Read Knuth Vol. 3 if you really
need to select a good function.

Good hash = EXxpected number of
function: keys/bucket is the
same for all buckets



Within a bucket:




Inserts, overflows, deletes




EXAMPLE 2 records/bucket




Example: Deletion




Try to keep space utilization between 50% and
80%
Utilization

# keys used
total # keys that fit

o If <50%, wasting space

e If > 80%, overflows significant
Kdepends on how good hash
function Is & on # keys/bucket



How do we cope with growth?




Extensible hashing: two ideas




Extensible hashing: two ideas




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




Example continued ey
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Example continued
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Extensible hashing: deletion




Deletion example:




Note: Still need overflow chains




Solution: overflow chains




(+)Can handle growing files
- with less wasted space
- with no full reorganizations

() Indirection

(Not bad if directory in memory)
() Directory doubles in size

(Now it fits, now it does not)






Example b=4 bits, 1=2, 2 keys/bucket







Example b=4 bits, 1=2, 2 keys/bucket




Example Continued: How to grow beyond this?




When do we expand file?
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() Can handle growing files
- with less wasted space
- with no full reorganizations

(+) No indirection like extensible hashing

(> Can still have overflow chains



Example: BAD CASE




Summary







Indexing vs. Hashing




Indexing vs. Hashing
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Create index name on rel (attr)
Create unique index name on rel (attr)

—— defines candidate key

 Drop INDEX
name










Multi-key Index

Notes 5













Name=Joe
DEPT=Sales
SAL=15k




For which gueries is this index good?







Querles:
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Queries




Geographic index







Grid Index

O







But there i1s a catch with Grid Indexes!
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e How Is Grid Index stored on disk?

Like

Array... alalols 0 I S N R RS
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Problem:

* Need regularity so we can compute
position of <Vi,Xj> entry
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With indirection:




Can also index grid on value ranges

20K-50K

Toy




Grid files




Partitioned hash function

010110 1110010




hl(toy) _ OOO <Fred>
hi(sales) = 001
hl(art) p— 010
' 011
N2(10k =01 100 <Joe><Sally>

<Fred,toy,10k>,<Joe,sales,10k>
Insert <Sa”y,art’30k>



nl(toy) =0 000
n1(sales) =1 001 Joe<Jan>
n1(art) =1 010 vy

: 011
h2(10k) =01 100
N2(20k) =11 101
’]2(30 () =01 110 <Tom><Bill>
’]2(40 () =00 111 <Andy>

 Find Emp. with Dept. = Sales A Sal=40k



n1l(toy) =0 000

oo S 7 A=

nl(art) =1 010 vy

- 011
12(10 () :Ol 100 <Sally>
2(20k) =11 01— ———>—
12(30 () =01 110 <Tom><Bill>
12(40 () :OO 111 <Andy>
* Find Emp. with Sal=30k ook hore
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Post hashing discussion:

- Indexing vs. Hashing
- SQL Index Definition
- Multiple Key Access
- Multi Key Index
Variations: Grid, Geo Data
- Partitioned Hash



