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I, INTRODUCTION

This report discusses data storage and access techniques
of the general purpose file systems on secondary memory
devices, _In‘addition. the idea.of segmentation is introduced
as an example to show the limitations of file systems.

Various types of computer systems that use operating
system techniques (software/hardware composites) are:

(1) real-time control systems: reservation, telephone

switching, process controlj;

(2) data-base systems: management information, credit

reporting;

(3) general purpose programming systems: batch, multi-

programming, time sharing;

(4) other computer networks.

Throughout the sections of this report, the discussion
of file systems are based upon general purpose programming

systems,

II, MULTIPLE NATURE OF SECONDARY STORAGE
A file is an organized collection of related information

usually kept in peripheral storage devices such as magnetic
tape, disk or drum. The portion of the file system storage
which is immediately accessible to the file system, i.e, disk
and drums, is called the on-line storage system., Devices which
are removable from the storage complex..auch as tapes and disk

packs, which are used as an extention of on-line facilities,

are called the file backup storage system,



Table 1, Parameters of Storage Devices with
Typical Values in year 1965 (25, ppl22)

Device Typical Values
Magnetic core Storage
Capacity 0.065 - 8
Access Time 0.25 - 4 msec
Cycle Time 0.5 - 8 msec

Brandwidth (flow rate) 8 - 64

Magnetic Drum 3

Capacity 6 - 32
Access Time - 8 msec
Brandwidth (flow rate) 1 -8

Magnetic Disk 1

Capacity 20 - 2,000
Access Time to a Cylinder (seek) 80 msec (average)
Rotational Delay 10 msec (average)
Capacity of One Cylinder 0,2 -1
Brandwidth (flow rate) 2.4

Magnetic Tape

Capacity (one reel) 100 - 500
Start-Stop Time 3 - 10 msec
Flow Rate 0,15 - 2,5

Note: All capacity in millions of bits; all flow rate in

millions of bits per second
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Among the different types of secondary memory devices, the
choice of storage should depend on the cost of information per
unit and access time per unit of information. Generally cost
increases as access time decreases, Therefore in selecting a
storage medium for each application, consideration should be
given to the logical organization of data, frequency of use,
desired access time and so on. For example, little-used
information should be put on devices with longer access time
to allow more frequently used files on faster devices; files
which need to be accessed directly should be put on directly
accessable devices (i.,e, disk, drum, but not tape),

The subsequent discussions will be on physical and
functional characteristics of the most common auxiliary storage

devices: tape, disk and drum,

MAGNETIC TAPES

The most common magnetic tape consists of a reel of _%_.
inch-wide, 1-%— mils (0.0015 inch) thick, and 2400 feet long
tape., Magnetic tape has a magnetic surface on which data can
be stored by selective magnetization, There are two methods
of recording the binary data on the tape. The older method,
still in use, records the binary digits with a net magnetic
field and binary zeros by the absence of magnetic field. An
additional non-data parity bit is also recorded to make the

number of 1-bits in a column either even (even parity) or odd
(odd parity); this bit is used to check the validity of data

by the hardware when the tape is read. The newer method is to



record the binary bits with a net magnetic field and binary
zeros with a reverse magnetic field. Thies method is more
reliable.

Data are thus recorded on the tape in lengthwise stripes,
which are called tracks, one byte at a time in densities of
200, 556, or 800 bits-per-inch (bpi), but 1100, 1600 bpi tape
is also used, More data can be stored on a tape at higher
densities, and the transmission rate is also increased,

For efficient use of magnetic tape devices, logical records
are usually grouped into a block (physical record), which is
the amount of information that a computer handles on a single
I/0 operation, Blocks are written on a tape, separated by
an interblock gap, where no information is recorded. This gap
must be left for the tape to slow down and get up to speed on,
since tape must reach its proper speed for the magnefic code

on a tape to be read properly. Fig. 1 shows this arrangement,

—| one block [~
. logical logical logical
tracks . gap gap
. record record record
bit pattern
for a byte

Fig., 1. Unblocked Record on Magnetic Tape



P——u———one block "

logical| logical logical logical lobical

gap
record record record record record

Fig. 2. Blocked record with a blocking factor of 3

An example of the economic use of blocking records is
shown below: Suppose we have logical records each of which
is 80 characters long, a record occupies 1%— inch, at 800 bpi
density, If each record is a block, followed by a _E_ inch gap,
then a series of 100 logical records will occupy 85 inches of
tape. On the other hand, if this same tape is blocked with
10 records, then 100 records will occupy 17.5 inches of tape,
Thus, the blocking cuts the length of tape necessary by a
factor of approximately five, The elapsed time required to
read the tape is also cut by the same factor, Therefore, the
choice of size of a black is an important programming problem -
this depends on many factors, particularly the amount of processor
storage that can be allocated for buffering the record, i.e.,
for accumulating the flow from (or to) tape. A trade-off
between available buffer space in main storage and blocking
factor must be considered in creating a file, Section III
discusses blocking and deblocking of records,

Another factor that affects the efficient use of

magnetic tape is keeping the tape in motion between blocks,

When a read or write command is given to the magnetic tape unit,



it places the magnetic tape in motion. The acceleration time
is called the start time, If another read or write command is
given before transmission of one block finishes, then the tape
will keep on its maximum transmission speed, If not, the tape
decelerates to a rest, This deceleration time 1is called the
stop time, Using typical values, the total transport time is
approximated by

Tt1 transmission time

81 maximum velocity (transmission speed) = 120 in/sec

ts) start time = stop time = 0,005 seconds

gt length of interblock gap = 3/4 inch

dt+ density of tape = 800 byte/inch

1: .length of tape = 2400 feet

The transport time for n blocks of information (W bytes)

with stacked read request is:

Tt, = 2ts + nW + (n-1)g
des B

The transport time for the same information with stopping
between each read is:

nTl = 2nts = 2%
ds

Therefore efficient use of magnetic tape device requires
the blocking of information and stacking the read and write
request to keep the tape in motion between blocks,

Magnetic tape is the least expensive storage media at the

present time, Its shortcoming is that it has to be read serially,
which is consquently time-consuming if the required information

is randomly distributed throughout the tape,
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At present many tapes with different formats exist, IBM
standard formats for 1/2 inch tape are seven-track (6-bit byte
and one bit added for parity), even parity (200, 556 and 800
bpi) and nine-track, odd parity (800 and 1600 bpi). Almost
every computer can be adapted IBM-compatible tapes. Other
computer vendors have noncompatible tape formats which they
believe offer advantages over the IBM STANDARD. Honeywell
perfers to use odd parity as standard (as it is easier to detect
blank characters or dropped bits), and UNIVAC has a Uniservo
format (a clocking or synchronizing feature to compensate for
tape speed discrepancies). Table 2 shows detailed information

about IBM 2400 series magnetic tapes.

DISK

A disk drive is made up of a stack of rotating recording
surfaces (disks) similar to a stack of phonograph records.
Each disk surface contains many concentric circles called
tracks on which information is recorded. There may be only one
read/write head for the whole stack (as in IBM 1301) which has
to move from disk to disk as well as from track to track, but
usually there is one head per recording surface, mounted on a
comblike access mechanism. In some disk drives, there is a
read/write head on each track; this type of disk is logically
equivalent to a drum, Since all heads are positioned together,
a single position of the access arm makes a set of tracks (one

track per disk) available, Such a set of tracks vertically

arranged is called a cylinder, Since all head positioning
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(seek) time requires the longest delay for random access, the
capacity of a cylinder is important.

Typical disks have from 2 to 100 recording surfaces, and
from 200 to ﬁOO tracks per surface, and from 2500 to 10000
characters per track, However, modern practice is tending
toward a removable module of six disks with 10 recording surfaces
per disk pack (i.e., IBM 2311); as a protective measure, top
and bottom surfaces are not used.

Tracks are usually divided into sectors (Fig. 3). Sector
size may be fixed by the manufacturer, but it is generally left
to the user to define sector size for his particular application.

The recording technology of a disk is similar to that of
ordinary tape recording with one important difference: the
read/write head do not touch the surfaces, but float or fly
about one-thousandth of an inch away. This flying-head construc-
tion reduces the attainable data density somewhat, but provides
essentially no wear of the record surfaces or head with a very
high data reliability,

When information on a disk is addressed as a triple (surface
number, track number, sector number), the head on that surface
‘seeks' the desired track. This seek time varies with the
inter-cylinder distance. After seeking, there is latency
(mtational delay) to get to the desired sector on the track,
Denote tr: time for one rotation

ts:s maximum seek time

Wi Dbytes/sector
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b: sectors/track
Zzs bytes to be read or written
n: number of cylinders needed

Tdsk: transport time of data (W bytes) on disk

Total Maximum seek otal Average Time to
Tdsk = |time for all + rotational delay |+ |transmit
cylinders involved for all cylinders information
Linvolved
= nts + (n-l)-E% + —%E + —EEL%ZEI—

If the data are stored in consecutive cylinder:

Maximum Minimum Average Time to

Tdsk = |seek time + seek time + rotational| + transmit
for one for tracks| delay data
cylinder

= t8 + (n-1)(min ts) + _§£ + iE%EZﬁl

€ap

sector
sector

gap

sector
track

sector

éap

Fig.3. Top View of a disk



Data storage disks Protective plates

(a) Appearance of a removable disk pack

Vertical shaft~\‘Protective c

12

Head (surface) numbers

r | 1
Access a : - ey
mech- |, 1 0 3 )
anism T o+ ] E -
with 10 |, | 2
read i E‘E L_;? """ ?{ : \, Disks
write i [ = S ‘ihf _
heads i : g ;}g 1
on five L9 ;? _____
arms i | _7 C —1
: 1 8 U ____:ﬂ
T 1 ‘9 1 o
- - —
L _____ J/l i — pa—

(b) Disks, access mechanism, and read/write heads,

Number
Number

of data digits per sector 200
of sectors per track 10
Number of data digits per track 2,000
Number of surfaces = number of tracks

per cylinder = number of heads 10

Number of data digits per cylinder 20,000
Number of tracks per surface

= number of cylinders 100
Total number of data digits per

removable pack 2,000,000

Head access (seek time)

400 msec (max)

250 msec (avg)

Rotational delay
Flow rate

40 msec (max)
50,000 digits/sesc

Fig., 4, IBM 1311 disk organization for IBM 1620 system,
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The total number of bytes on a track is a function of the
recording density and number of sectors/track. The recording
density can be expressed as bytes/angle since the same number
of bytes gre'recorded on both inner and outer tracks., An inter-
sector gap is needed to distinguish the end of one sector and
the beginning of the next; this also is expressed in terms of
angle,

The concept of efficient use of disk is similar to that
of tape: if the number of sectors per track increases, then
the sector size decreases and the total number of bytes per

track also decreases due to a higher percentage of gap space.

DRUM

A drum is a cylinder with a magnetlizable surface which is
divided into circular tracks, each asg wide as a read/write head.
This device is similar to a disk except it contains a single
cylinder of tracks, each with its own read/write head, Drums
are made to rotate at high speed (usually 3600 or 7200 rpm)
about their axes while many read/write heads float a few
millionths of an inch off their external surfaces,

Data are addressed on a drum by specifying the track
number and word number within the drum, Often, one or more
non-data-storing clock tracks serve to index the drum by
providing current word-number indications (as in the IBM 650).

Using the same values used for disk in the previous

section, the transport time for drum (Tdfm) can be approximated:
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Tdrum = [1nitia1 average +

[time to transmit
rotational delay

information

= _§£ + _tr(z/w)

b
Drums offer the fastest secondary storage device available,
but its cost per unit of information is most expensive because
of the need for many costly read/write heads and for precision
machining of surfaces,
The disk drive, which has a read/write head on each track,

is logically equivalent to a drum also,

III. OVERVIEW OF DATA MANAGEMENT

In this section an overview of data management is given
to show the overall relations of operating system to the file,
This section is heavily based on the IBM/360 0S.

Data management refers to the totality of all operating
system routines that provide access to data, enforce storage
conventions and regulate I/0 devices, Therefore data management
includes all the data-set organizations, macro instruction
languages, random and sequential access methods, the catalog
and various indexes, and service routines which permit the
operating system to read, write, keep and destroy data,

There are six major kinds of data-set organizationi

Data Set Basic Queued Comments
Organization (random) (sequential)
Sequential BSAM QSAM Magnetic tape,

card and equivalent

Partitioned BPAM Program libraries




