User-Defined Data Types

A-Level Computer Science = Topic 13

A-Level Computer Science

name

age



User-Defined Data Types

What we will cover

User-defined types

File organisation & access
Hashing

Floating-point numbers

Recap

TYPE Vebhicle =

M100 M230 T101 T102

MyTaxi may only hold one of these named values

T120

T150
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L User-defined types

Building your own types

m enumerated #Z¢: a fixed named list,
e.g. (Mon, Tue, Wed)

m record i 5%: fields of different types
bundled together

m pointer $5%t: holds the address of 2 pointer holds an address

m set &4 an unordered collection, no
duplicates

p~ dereferences — reach the node’s fields, e.g. p”.Value

A composite type is built from others;
a non-composite one (enumerated,
pointer) is not.
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L File organisation

File organisation and access

m serial: records in the order added —
read from the start

m sequential: sorted on a key — still read

in order
o Bt
m random: a hash gives direct access to —
any record EIFF & || ot | weetsesorn

1 2 3 4 5 6 7 slot number

t Start of file

Serial and sequential need sequential
access; a random-organised file allows
direct access — fast for one record, no
sorting kept.
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L Hashing

Hashing

A hash function 575 5% 4] turns a key
into a storage address:

address = hash(key)

linear probing chaining
: : m near-instant lookup, no search
2 A 2 . . N
) case L e ] m a collision 122 (two keys, one
3 B 3
address) needs overflow or open
addressing

A good hash spreads keys evenly to
keep collisions rare.
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L Floating-point

Floating-point numbers

A real is stored as a mantissa E%{ and
an exponent [} %3:

value = mantissa x 2ponent

sign sign

N 5 o TR —128 64 32 16 8 4 2 1 placevalue

LD ] [ ol i ®m more mantissa bits = more precision

u‘n‘u‘u‘u‘\‘n

inpes m more exponent bits = more range

binary point
mantissa (8 bits) exponent (8 bits)

Normalisation #]#&{/ maximises
precision: the first mantissa bit af-
ter the point is significant (0.1... for
positives).
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L Floating-point

Worked example — normalising

Normalise the positive fraction 0.0101

(mantissa) with its exponent.

Shift left until it reads 0.1.. .
0.0101 — 0.101 x 271

mantissa 0.101, exponent —1

Each left shift subtracts
one from the exponent. A
normalised positive always
starts 0.1; a negative starts
1.0.
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L Recap

Topic 13 — key takeaways

e Types

enumerated, record, pointer, set

e Hashing

key — address; watch collisions

e Files

serial, sequential, random (di-
rect)

0 Float

mantissa x2%P; normalise for
precision
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L Recap

Check yourself

Answers 1. random 2. two keys, one address 3. precision 4. 0.1...

Which file type gives direct access?

What is a hash collision?

before 0.0011010 exponent 4 (two wasted leading zeros)
lshm left 2, exponent — 2

after 0.1101000 exponent 2 (normalised — same value)

More mantissa bits: range or precision?

How does a positive normalised value
start?
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