FILE ORGANISATIONS
Introduction

Magnetic disk storageis available in many forms, including floppies, hard-disks, cartridge,
exchangeable multi-platter, and fixed disks. The following deds with the concepts which are
goplied, in many different ways, to al of the above methods.

A typical disk pack comprises of 6 disks held on acentral spindle. As the top and bottom are
disregarded with recording information, only 10 surfaces are used, each with 200 concentric
recording tracks. A diagrammatic representation is shown in Figure 1.

Each of the 200 tracks will be capable of holding equa amounts of information asthisis afeature
that is provided by the specid software (housekeeping) that is used in conjunction with the handling
of disk files. When the unit isin postion in the drive, the tracks are accessed by acomb of 10
read/write heads held rigidly on an arm assembly which movesin and out between the disk as
illugtrated. In thisway 10 tracks may be referenced without further movement of the heads once
they are positioned over the first track. For the sake of economy it is therefore usud to record over
a'cylinder' of data (see Figure 1) and avoid unnecessary movement of the heads.

The disk pack isloaded onto the drive and revolves at normal speed of approximately 3600 rpm
when being accessed. Each track can hold upwards of 4000 bytes. Sometimes the sectors on a
disk are used in asimilar manner to inter-block gaps on atapefile but in other casesthey are
ignored as far as data handling is concerned.

Because this device has the ability to locate an area of data directly it is known as a Direct Access
Device and is popular for the versatility that this affords. Direct access devices provide a storage
medium which is a satisfactory compromise between main store and magnetic tape.
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Figure 1 - Disk Pack



There are alarge number of ways records can be organised on disk or tape. The main methods of
file organisation used for files are:

b)

Sarid

Sequentia

Indexed Sequential
Random (or Direct)

Serial Organisation

Serid files are stored in chronologica order, that is as each record isreceived it is stored in
the next available storage position. In generd it isonly used on a serid medium such as
magnetic tape. Thistype of file organisation means that the records are in no particular
order and therefore to retrieve a single record the whole file needs to be read from the
begging to end. Serid organisation is usualy the method used for creating Transaction files
(unsorted), Work and Dump files.

Sequential Organisation

Sequentid files are serid files whose records are sorted and stored in an ascending or
descending on aparticular key field. The physica order of the records on the disk is not
necessarily sequential, as most manufacturers support an organisation where certain records
(inserted after the file has been set up) are held in alogica sequence but are physicdly
placed into an overflow area. They are no longer physicaly contiguous with the preceding
and following logical records, but they can be retrieved in sequence.

I ndexed Sequential Organisation

Indexed Sequentid file organisation islogicaly the same as sequentid organisation, but an
index is built indicating the block containing the record with a given vaue for the Key fidd.
This method combines the advantages of a sequentid file with the posshility of direct access
using the Primary Key (the primary Key isthefield that is used to control the sequence of
the records). These days manufacturers providing Indexed Sequentid Software dlow for
the building of indexes using fields other than the primary Key. These additiond fieldson
which indexes are built are called Secondary Keys.

There are three mgor types of indexes used:

Basic I ndex: This provides alocation for each record (key) that exigsin the
sysem.

Implicit Index: Thistype of index gives alocation of dl possible records (keys)
whether they exist or not.



d)

Limit Index: Thisindex groups the records (keys) and only provides the location
of the highest key in the group. Generdly they form a hierarchica index.

Data records are blocked before being written to disk. An index may consst of the
highest key in each block, (or on each track).

Index Data

1A0025 AQ0012
2A0053 AO0017 Block 1
3 A0075 A0025

A0037
A0038 Block 2
A0053

A0064
A0073 Block 3
A0075

Figure 2 The Block Index

In the above example, data records are shown as being 3 to ablock. The index,
then, holds the key of the highest record in each block. (An essentid dement of the
index, which has been omitted from the diagram for amplicity, is the physica
address of the block of data records). Should we wish to access record 5, whose
key is A0038, we can quickly determine from the index that the record isheld m
block 2, since thiskey is greater than the highest key in block 1, A0025, and less
than the highest key in block 2, AO053. By way of the index we can go directly to
the record we wish to retrieve, hence the term "direct access'.

Random (or Direct)

A randomly organised file contains records arranged physicaly without regard to the
sequence of the primary key. Records are loaded to disk by establishing a direct
relationship between the Key of the record and its address on the file, normaly by use of a
formula (or agorithm) that convertsthe primary Key to aphysica disk address. This
relaionship isaso used for retrieval.

The use of aformula (or dgorithm) is known as 'Key Trandformation’ and there are severd
techniques that can be used:

Divison Taking Quotient



Dividon Taking Remander
Truncation

Folding

Squaring

Radix Converson

These methods are often mixed to produce a unique address (or location) for each record
(key). The production of the same address for two different records is known as a

synonym.

Random files show adigtinct advantage where:
Hit Rateislow
Data cannot be batched or sorted
Fast responseis required.
Catering for expansion
A norma tendency of madter filesisto expand. Records may be increased in Sze or may be
added. Evenif thetotal size or number of records does not increase, there will amost inevitably be

changes.

Although it isusud to update files on disk by overlay there must be provison for additions and
preferably some means of re-utilisng storage arising from deletion.

Overflow arises from:

i) A record being assigned to ablock that is dready full.

ii) A record being expanded so that it can no longer be accommodated in the block.
There are anumber of methods for catering for expansion:

i) Specifying less than 100% block packing dengity on initid load.

ii) Specifying less than 100% cylinder packing densty.

iif) Specifying extenson blocks (usudly at the end of thefile).

The first method is only effective and efficient if the expanson isregular. Where locdised expansion
occurs to any extent, even in one block, this sysem will fall.

The other two method have the result of dlowing soace for first and second level overflow,
repectively. Extension blocks are used when dl other overflow facilities have been exhausted.



Idedlly, first level overflow is Stuated on the same cylinder as the overflowed block hence thereis
no pendty incurred in terms of head movement. Second level overflow normally consists of one or
more blocks at the end of thefile. If aggnificant number of accesses to second level overflow are
made, run-time will increase considerably. Thereisthe aneed to reorganise the file to bring record
back from overflow.

Each file organisation can be accessed or processed in different ways, often combing the
advantages of one organisation with the advantages of another.

Summary of file organisation and access methods:

ACCESSMETHODS
FILE Serial Sequential Random
ORGANISATION
Serial X
Sequential X
Indexed Sequential X
Random X

The trandfer time of data from a direct storage device such asadisk drive can be caculated,
however the formulae needed for the different types of file organisations differ. An example of these
formula are shown on the following pages.



SEQUENTIAL FILE TRANSFER TIMINGS:

Thistime taken to transfer ALL records will equd

Thetrander time for thefile

+

Totd SEEK timefor thefile

+

Totd Laency for thefile

In order to caculate the above the following are required:

1.

Sizeof filein characters

Trander Rate

Bytes per Track

Characters per record

Number of Records

Number of records per track

Number of tracks required

Number of surfaces

Number of cylinders
X
Minimum SEEK Time

Number of cylinders
X
Average Latency

= Transfer timefor file

= Number of records per track

= Number tracksrequired

= Number of cylindersrequired

= Total seek timefor file

=Total Latency for file



For Ransom or Direct file organisations both the SEEK time and Latency between each record
transferred needs to be included in the calculation:

1. Sizeof filein Characters
= Transfer timefor file

Trander Rate

2. Number of recordsin file
X = Total SEEK timefor file
Average SEEK time

3. Number of Recordsin file
X =Total Latency for file
Average Latency

The sum of these three caculaions will give the transfer time for All records.

In order to caculate the Latency (Rotational Delay) the time for one rotation of the disk needs to be
expressed in milliseconds.

RPM
= R.P.Seconds
60
1
— = Latency expressas M. seconds
R.P.Seconds
Accesstime = SEEK + Average L atency.



