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THE FILE SYSTEM

THE FILE SYSTEM

A file denotes a data collection without regard to physical size or to format. It further denotes the physical
features associated with the file, e.g., the stomp cabinet, th e microfiche Ilk box, the magnetic tape hardware, the
mass store unit. Also Implied by the term file Ii the human organization which manipulates the physical features
containing the data collection ; hence, the users secretary, his data proceising department and possibly the user

• himself could all be equally a part of the tile. What we now have is a file system comieting of three major elements:
data, equipment. and humans. •

When characterizIng a tile as large, we often Imply that the file tends to be unmanageable and Inefficiently
• manipulated by current ly Implemented techniques. A paper file contained In a bulky paper folder Is difficult to

/ manipulate; however. the same tile when ,educed to microfilm becomes easier to manipulate. File size, with regard
to nlonua*lon content , does not change when converted to microfilm, but access as facilitated. DIrectories, inventories
and catalogs are typical examples of files which may be “la.~e’ in paper format but “small” In microfilm format.
Similarly, a simple relocation of a “large” paper file from a c.,llectlon of drawer -typ e filing cabinets to an automated ,
or even an optimized file storage device significantly reduces the apparent file size.

Another Implication of large, when characte rizing a file, Is that the file tends to fill to capacity available storage.
File size Is measured In stora ge unit s; hence a file becomes large nhen the n umber of storage units required by the
tile Is a significant percentage of available storage units. Expansion of storage capacity may alleviate the problem , but
as the number of Individual storage devices increases, the tile again becomes unmanageable, hence large”,

A third Implication of the term large is that It Is used to classify those tiles which hive or are envisioned to
have the greatest data content of any other known file; I.e., they are physically immense. Obviously this class of file

• f icihl both fill to capacity available storage devices and tend to be unmanageable. The methodology applied to th is
class of tile, however. Is no different than that which should be applied to any other file.

Dynamic , also a relative term, Implies that a sufficient number of accesses are being made to the file system to
overwhelm annie aspect of the system ’s implementation. This results In reduced response time, hence, inconvenience
to the user. To illustr ate, a small cabinet paper file is not necessarily dynamic until individuals who access the file
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A fik may
be dynamic not only on access but also In any other (unction associated with the tile system. The physically immense
tiles coming Into existence are dynamic because of not only their real-time access but also their real-time update

• requirements which can overwhelm all aspects of the tile system.

Figure 1 summarizes the definition ola “large dynamic fi le”. The methodology associated with this type file
can most generally be defined as the applic ation of optimized devices, both firmware and software , which facilitate
file manipulation and maximize file response time. It Is basica lly no different than the methodology applied to any
other type of tile system.

LARGE — Volume exceeds handl ing capacity producing unmana geability
• 

• and saanlpulation inefficiency.

DYNAMIC — Access requIre ment s overwhelm implementat ion capabilit y
reducing response time and inconvenienc ing users.

‘V. FILE — An information source consisting of a system of data enti ties,
hardware devices, and human beings.

\ \ FiS t Definition Summary
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The following parage.pbs of the report uploe, the tile system and define Its various functions and physical
states. The report’s objective as to present at a nontechnical level an insight into what constitutes a file system,
how it evolves, and where special emphasis needs to be placed In its design and implementation. Nthovgh generalized
file systems ate considered where possible, digitally oriented files air preferentially covered. Emphasis is also placed
on the physically immense files.

1.1 File Function

A file , regardless of size, has functions which can be categorized as Data Collection, Data Convenion, Data
Storage, and Data Retrieval. The degree of sophistication associated with each function Is determined by the

• coinplexily of the data processed and by the information dissemination requirements. Figure 2 depicts typical data
flow within a ide system,

To be useful, data must be extracted froni the file and processed Into information; the fact that a file stores . -
data but a user wants information Is Important to recognize and understand. Information is derived only when data
is Interpreted. Data Interpretation to create information Is a function normally performed by the data retrieval file
function .

If data Is to be availeble for retrieval, the file must have a collection function. Appropriate collection pract ices
facilitate all subsequent file functions and the timely collection of data such that It is available when needed Is of
prime Importance. No specific data collectIon procedure is applicable to all data sources , hence, a wide variety of

• data collection hardware and software devices are avail able throughout the Industry. In addition , It Is not unusual
to find specialized data coltcclion procedures specifically tailored to unique application s.

The data collectk.n function does not necessarily produce data which is compatible with the file storag e apparatus. 
V

A conversion function is therefore provided to process collected data and to convert It into a forma t suitable for
storage

1.2 Data Fonna tt ing
To facilita te retrieval, data must be segregated into distinct entities which can be cataloged and referenced. A

rignificant characteristic of a file data entity is that it Is the smallest segment of data which can be accessed by the
tile’s retrieval function.

A data entity within a file system denotes an ensemble of raw data elements. A raw data element Is the funds’• mental data constituent and can exist in one of two basic forms: fact or thoug ht. A factual data element is specific;
numbe rs representing size, weight, temperature or characteristics such as gender , color or location are examples. The
factual data element can be stored within the file by a fixed number of file storag e units which are known a priori.
The thou ght.type data element is abstract; alphanumeric text strin gs rep resenting letters or documents are examples
of this type of data clement. Ihe number of file storage units required to accommodate a thought.typ e data element
can not be exactly specified.

Basic data elements are collected together to form a data entity; however, this does not preclude the possibility
that a file’s data entity can itself be a single data element. Data entities can be composed of both element lorms;
hence, the data entity can be either fixed size or variable size as measured In tile storage units required to contain
the elements. Fixed or variable are the more common terms used to characterize a data entity and often the term
“data record” is used synonymously for the term “osta entity ”, especially in electronic data process.ng environments.

When accessed and retrieved from tile storag e, elements can be processed along with other elements from other
-• entities. This constitutes the process of generating inform atr~n. Data in its tund amcnta l form or even when collected

Into entities Is not necessarily inform ation. Information In’~,lies th at knowledg e is impa rt ed to an individual and this is
V a critically Importan t consideration when defining the architect u ~ uf a file system. It is a simple task to configure a tile
• capable of inundating a user with data from which little or no information can be derived. It Is a nontrivial design

problem to create a file system which can supply information to a user at the proper time and place needed.

Unfortunately, many files and especially physically immense files, have evolved without proper design guidelines
and do not yield information at the rate or in the quantity needed. Minor tile system reues’gns can alleviat e some
problems, but unless the total file system is considered and a total system approach established , the attained per-
formance Is substantially less than desired.

1.3 The File Cycle

When captured by the file system’s collection function , a data element Is launched on an evolution process which —ends in pur ging, Throughout the cycle a data element will exist In varIous physical states as shown In the file cycle
state diagram, FIgure 3. A data element cannot simultaneously exist within the file system In two stat es; however,
the storag e state Is an exception to thIs rule rince access to a data element often does not physically remove the data
element from the storspe device.
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Connectors between stat es lepe sent all possible transition channels whether automated or manually accomplIshed.
• ~, A time interval is associated with a state change ; for example, the access time to a memory represents (or is a past of)

the transition time from a stor age stale to the access state.

The primary purpose of the file system ’s data collection function is to capture raw data elements. The collection
- 

- process therefore, must be capab le of manipulating all data elements which are to be entered In the talc system.
Hased on the data element form , many unique devices and activitie s may be involved simultaneously in the data

• collect ion function. Temporary storage may also exist within this function.

Pro cessing converts thc raw data element Into a format suitable for storage and assembles the elements Into
entities. Il ls not unreasonable to employ diffe rent storage devices, hence to require a variety of processing activities
w~thin the tile system. It is also not unusual and often it Is most efficient to combine data clement conver sion as
an integral part of the collection function.

Most data element transitions involve a storage state which Is the most common file state and which Is often
• the limiting kature with regard to file capacity and response efficiency. Possibly because of this. industry has for

several decades been pressing to develop larger capacity and faster access memories , not only for digital format data.
but for pap e r and film formats as welL

Retr ieval of data elements and their conversion to information is the key file function. If It is not adequately
• addressed, the file system closely approximates the proverbial (and useless) write -only memory. The output of the

retrieval function is Information and may consist of reports , tables , graphs or other forms of assimilated data elements.
• It Is also not unusual b r  the output of the retrieval function to cause stored data elements to be updated or to

generate new data elements which must be entered Into the file system. These characteristics of the retrieval function
represent a dila etcment feedback path which must be as carefull y consIdered In the configuration of a tile system
as an elecirunic feedback path Is considered in the design ot an electrical system.

The purge stat e of the retrieval function is another Important state and represents the complete elimination of
a data element from the system. In some situations , the purged data element may be recaptured, but In most situa-
tions the element is inetsievab ly lost. The purge state is often considered to be synonymous with the archival storage
slate. This is incoerect and if the archival store state is used to retain elements which should be purged , the file
system becomes dogged and inefficient. Obviously, when a data element reaches the purge state , its file cycle has
been completed.

1.4 System Obj ’ctlves

A tile’s mere existence does not necessarily imply that the Ilk is accomplishing much more than data stora ge.
To be truly useful, a file must furnish Information which can impart knowledg e. it is therefore extremel y important

• to establish what information is to be derived from the file; this is equivalent to defining what specific date elements
must be made available , how they are to be catalo ged and referenced, and how they are to be processed.

A file which presents only those data elements necessary to extract a specific item of information is an exception
rather than a rule among commonly encountered file systems. The common tile system procedure Is to overv’helm a
user with data elements in hopes that he will be able to sort throu gh the elements and generate the desired infonna ’
tion. This has long been a major problem associated with Management Information Systems (MIS). These electronic
data processing software systems were created to supply rele ant inform ation in a timely fashion to senior corporate
management such that they could more effectively make management decisions. They probably represent one of
the initial forms of data management systems and a great deal has been learned about file systems methodolo gy
during the evolution of MIS into a viable and useful tool.

• Definition of file system objectives is not an easy task , but since the tile is to be implemented with physical
devices which only do specific functions , It is an absolutely necessary task. As with any system design, the first
questions to ask are who will use the file, what information will he a ‘k  and what data elements are needed to
suppo rt the information gener ation process. Havi ng formulated answers to these three basic questions , the f~le system
architect can opti rnum ly configure a design which addres ses specified ot’jectives.

Of additional Im portance , the architect must configure the file system to meet the changing needs of a dynamic
environment The one overriding information sciences theorem which has the greatest Impact on file system design ,
Is that date element criticaln ess and importa nce chang es with time. Corsequently, file system objectives established
during a definition procedure change slightly throu ghout the life of the file system. A well-defined file system
facilitates the capture of new data elements classes, the delet ion of old classes, the regrouping of elements Within
enti ties, and the Intr oduction of new information generation processes.
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Section II

DATA COLLECTION

2. DATA COLLECTION

Data collection is an integral part of the file system; In fact , Il ls the foundation of the file system. Appropriate
- • collection practices affect all subsequent file functions ; timely and efficient data collection minimizes Information

delay to the user and accurate data collection optimizes the effectiveness.

2,1 Data Capture
Sensors capture raw data and temporarily store it , hopefully in a format which facilitates conversion. The

human eye is one of the most commonly used data sensors in a manual data collection activity. Temporary storag e
for data collected In this fashion typically is a paper form which is marked in some fashion by the person collecting
the data. If consideration Is given to the total file system concept , a format and marking procedure can be Im plemented
which automates the conversion function ; hence, data transition times between file cycle states are reduced. Nat ur ally
a machine-readable format facilitates processing, however, If subsequent manual sorting or review is a requirement of
the collection function a human-readable format must also be maintained.

Automated sensors and , more specifically, remote electronic sensors are also Involved In the data collection
process. In these situa t ions data collection can easily overwhelm the file system, particularly the conversion function,
and raw data must be stored for extended periods in its capture format ( possibly on analog magnetic tape) for sub-
sequent conversion. ThIs procedure , if presen t, is usua lly Indicati ve of an uncoordinated, piece-wiae tile system
Implem enta tion which did nor iJly consider alt aspects of the system definition.

2.2 ImplementatIon Concepts
• Implementation of equipment and procedures to capture data Implies that the type of Information which the

• file system is to provide has been defined and that necessary input data elements have been Identified. Each data
element ’s format (i.e., paper , film , magnrti c or electrical) and its size characteristic suggest possible equipment
implementat ions. Data element priority and availabi lity plus etonomic factor s also contribute significantly to the

• physical implementation of the sensor utilized to capture the dat., element. A further consideration Is the output
format of the data element when transfer red to the conver sion funi ion for processing. The file collection function ,
theref ore , Is implemented by an assort ment of sensing devices whose purpose is to capture data elements and present

• them to the conversion function.

To illust ra te these concepts consider the captur e of the ra w data element temperature. Numerous sensor types
and procedures can be quickly identified and range from an individual pcr~on observing the reaa ng of a thermometer
to a thermoelectric device producing an electrical signal. The collection funct ion, however , is not complete until

• the raw data has been rccordcd in a format which is trans lat ab le to the convers ion function. Hence, the captured
data elements must be transcribed to some format which is reacce ssible. Again a broad rang e of techniques is avail-
able which for the above example may be anything from a slip 01 pap er in the human case to a strip recorder or
magnetic tape for the the rm oelectric device. Each sensor mechanism and formatting technique produces different
respons e times , accu ra cies and efficiencies; the selection 01 the optimum approach can only effectively be guided
by the file system ’s ultimate objec tive.

2.3 Data Collection Trends
Trends In file system implementation are toward automated sensors which capture data elements and tr ansfer

• them directly to the file conversion function. For example, significant technology advances are being made in point -
_ ... ,,,, 

i of-sale sensing equipment %,hich immediately updates inventories and performs real-time accounting fuct ions. This
technology can also be readily applied to a wide var iety of data collection requIrements.

In the processing of alphanumeric text , optical character recognItIon (OCR) technolo gy Is available. OCR
equipment , however, is still limited in capability because only a limited number of different fonts can be recognized
by anj one equipment and a human operator is needed to aid the eqeipment In defining unrecognized cha racte rs .
For those organizations which have control over text generation, these limitations arc minimal and data co lection

4 
Is greatly facilitated by the applicat ion of OCR.
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- National and international earth satellite data collection systems are other examples uf very so’ilthtlcated sensor
- ,~.“ ~ systems. Also noted In current trends is the fact that collectIon arid conversion functions are beco,nin~ less distinct.
- ‘ 

• It Is quite common to observe sensing subsystems which not only capture data elements but also immediately process
these daSa elements for direct transmission to tile storage. Hopefuty this will be an Increasing trend In earth satellite

j  systems which need some form of data element selection g occss to reduce the tremendous data volume presented to
processing centers.

-  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—~~~~~~~~~~ --~~-—--~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ —



: - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

—

~~~~~~~~~~~~~~~~~~~~~~~~~~

•

~~~~~~~

- -

.~~~~~~~~~

•

• 
I

Section III

• 
DATA CONVERSION

- - 
- 

3. DATA CONVERSION

The file ’s conversion (unction assembles data elements into entit ies which can be conveniently stored and
accessed. Often the conversion function transforms data from one format to another , physically, mathematicall y, or
by means of some othe r procedure which fulfills File objectives and implementation constraints.

3.1 EntIty Formatting
j’he grouping of data elements into entities is determined by a number of factors Including logical relationshIps

between elements , element utilization in Inform ation generation procedures , and physical attribut es associated with
the file system equipmen t. Logical relationships are definitely the major (actors affecting the arr angement of elements

• into entiti es ; however , file system efficiency tradeoffs exist with respect to entity size selection and file system data
manipulation attributes.

• Most file systems arc record or volume oriented so that fixed physical quantiti es of stored units arc manipulated.
For example, the m icrofiche file manipulates a fm*ed film chip size even thou gh all stor age unit s (an image cell) on
the microfiche are not util ized. Digital files similarly manipulate fixed size physical records of dIt al data which are
subdivided into binary words ; within a record all words are not necessaruy util ized. The convers ion process, there-
fore, must over lay the physical attr ibutes 01’ the tile , especially those of the storage func tion , with a logically assembled
data entity whose size characteristics often does not match the t~k’s physical data manipula tion att ribute s.

Incompatibility of logical entit y size and physical storag e record size is especially common in .lectronIc data
processing file systems. Often the matching of logical entity sizes to physical storage characteristics is not addressed.
since data management sof tware tends to mask physical attributes of the storage media. The end result of this
Callacy, however, is similar to that obt ained by storing legal size documents in a standard sized filing cabinet ; sub-

- - - stantial storage space is wasted. Also it is often not even possible to achieve an optimized matct since a specific file
• enti ty format must be overlayed on existing equi pment facilities. However, when both entity format definition and

equipment data manipulation att ri butes can be traded off to yield an optimized match , significant improvements can
be achieved in file system data handling efficiency.

- — . Data conversion, especially with regard to entity formatting, Is closely tied to the data managemen t protocol
established by the retrieval function . ~ lthoug~. the actual process of formatting data is accomplished bj the conver-
sion (unction , the formatting procedure is establ ished by data ret iieva l techniques. Hop efully a data management
procedure, as discussed in Section V, wi ll provide an entity form at scheme which is independent of any one specific

-. ‘ 
- 

- - - information generation procedure. Such a format sche.ne eliminates element storage redundancy since unique entity
formats are nor required for each Inlonnation generation procedure.

3.2 Element Transformation
Transforma tion of dat a elements from one form to another can be as simple as a conversion between units of

measure to as complex a procedure as redundancy removal procedures associated with imagery data Several basic
• factors motivate element transforma tion- First, transformation can be required because the information generation
• process is optimized by using the transformed elements. Secondly, data in its transfo rmeil state may requ ire less file

- 
system resources to process and maintain; normally an inverse transformation is required for this type data el~ment

• prior to its utilization In the information generation process.
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DATA STORAGE

4. DATA STORAGE

Three fundamental categories or storag e states can be overl ayed on the data storage function and typically a file
system divides Its storage facilities into segments associated with each category.

DynamIc store Is the primary data store category and represents that facility from which the ret rieval (unction
moss frequently extracts file data elements. The executive ’s personal desk file and a computer ’s coreldisk memory
are examples of dynamic store. Characte ristics of dynamic store Include fast and preferably random access to data
entiti es contained within the stora ge mechanism.

The second category of storage is inactive stora ge and is characterized by easy accessibility, but access time Is
significantly slower than for dynamic store. Parallel examples are the execu tive secretar y’s fi le cabinet and the
computer facility’s magnetic tape library.

Aichival store is the thi rd storage category, and warehousing of non-current records or of magnetic tap es are
Illustrative examples. Archival store is characterized by extremely slow and often inconvenient access procedures
but should not be confused with the purge state of the retrieval function.

Although the fundamental file storage categories are applicable to all classes and types of file systems, the •

parag raphs ol this section address only those file systems which are digitally oriented.

4.1 Digital Storag e Alternative -

A range of storage devices is again aveita ble to add ress the digita l data dynamic store configura tion. Semi-
conductor , core , and magnetic media are most pre valent and currently serve as industry standards . A recent memory
device development, the charge coupled device (CCD), is adding an additional memory stor age capacity which falls
between core and random-access magnetic media in both capacity and access time. CCD memory cost is similarly less
than magnetic media costs, but greater than random-access memor y . Other relatively recent memory implementation
additions are the floppy disk and magnetic tape cassette which represent a different way to package and utilize -

magnet ic media. Naturally each configuration addr esses some applicati Ons vdly effectively, but an improperly applied
memory device can significantly reduce overall system efficiency.

The impetus of digital storage development has been the demand to make storage capacity bigger , access faster,
and cost-pe r bit cheaper. For many years , numerous technolo gical areas have been actively in ’estigated in hopes of
developing new devices and technique s which would achieve these objective s.

• One major area of development activity has addressed electron beam memories (EBM) and has fluctuated between
periods of enthusiasm and despair. The small size of an electron beam provides a potential for high digital data
packing density; however , materials technology does not easily yield devices which compete with magnetic technology.
However , recent refinements in ER M storage media have significantly Improved leakage characteristics which affect
long .ezm data storag e and improved high voltage powe supply components have allowed electron beam addressing
problems to be overcome. As a mutt , as EBM v4t h 10 to 30 megabits of storage capacity is projected to be com-
mercially available this year (1976). The unit Is anticipated to be a disk replacement and will have storage costs
comparable to magnetic disks but with impro ved performance characteristics, primarily reduced access time to stored
data. Hopes of using EBM technology In large scale memories having (1OI2 ~ to (l0’~) bits of storage capacity still
exist In certain segments of Indust ry, bid near term utilization within this decade seems remote.

Another technology being actively pursued is the magnetic bubble memory. This technolo gy offers significant
• potential b-it is best summarized as being still in the research stage. No applications oriented device is anticipated

this decade.

• Optical memory technology Is a third highly act ive area which offers substantial potential but which has been
handicapped by materials technology. During the past several years a considerable effort has been unjertaken by

• Industry to apply optical techniques to a broad spectnsm of memory and storage applications. The research Is ‘
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directed toward both intcmiediste.cspacfty, fast access time read/write memory applicatIons as well as the la,gr.
capacity, longer access time read-only storage devices. Read/write memories have not yet emerged from the mearih
laboratory, since efforts have been hampered by the unavailability of suitable materials which arc needed to configure - 

fl 
- 
-

~ veral key memory components. 
-

.

The prosp ects for read-only optical memories are significantly better because problems associated with high-speed
Input data (orniatteis and reusable storage media are obviated. Opti.al memories using metallized naillar strIps have

• been commercially available from Precision lnstnunents Company and read-only optical memories using standard
photographic film are currently in various stages of development by other companies.

42  Storage Oia,ac*edstlcs
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The two most widely used performance measures for memories are capacity and access tIm e. Clearly there are
• many other factors such as transfer rate, size, power consumption, interface ewe, reliability and reproducib ility which

may play equally important roles In characterizing memory performance.

FIgure 4 shows conventional memory technology state of the art in terms of capacity and access time.
Technology ranges from the relatively small but last semIconductor memories through moving head disk memories
to the larger and slower bulk storage devices such as magnet . tape. Ch,a.’!y most memory and storage technology is
tonflned to magnetic phenomena. The exceptions to the magnetic dominance are at the Iow.capacity. fast access
end with semiconductor technology and at the large-capacity, slow iccess end with the IBM 3850, the Ampex

• - Terabit Memory. the Precision Instrument Model 190 bit-by-bit optical memory and the Control Data Corporation
38500 mass storage systems.

The trends in memory and stora ge technology indicate a gradual (although sometimes rapid) shift toward larger
and faster devices. Memory trends also indicate a decrease in cost per bit of stora ge. The significant reduction In —

semiconductor memory cost is a most dramatic illustra tion of this char~eterIstk.

When determining memory cost, both the total system cost and the storage media cost must be considered.
Conventional computer magnetic storage system costs range from 2( W3) to 6(10 ’) cents/bit and storage media costs
are approximately tO” cents/bit. II one considers only on-line storage, an Increase in capacity means that additional
hardware must be added; therefore, the cost per bit remains relatively constant as capacity Increases.

Mars digital storage systems are currently available from industry and provide storage capacities up to 1012 bits : •
with some companies claiming tO” system capacities. Costs for these systems average around 2(l0~ ) cents/bit and,
as would be expected In a competitive envuenment, costs are relatively consistent between manufacturers.

4.3 Storage HIerarchy

A multiplicity of data storage devices is utilized to solve the file system’s storage requirements. As a mutt,
data storage is distributed over a network of storage devices whose characteristics range from high speed and high
cost.pef.bit to tow speed and low cost-pee-tilt. The network of storage devices is configured into a hierarchy which - 

-

utilized high speed memory to store those data elements currently being processed and low speed memory for data
entity storage.

As the file’s memory capacity is expanded , devices are employed which physically must access increasingly
larger blocks of data for each stora ge or retrieval request ; hence , data entities must be further assembled into larger

- - ensemb les. ThIs prccess ol concatenating data ensembles into larger data segments also forms a logical data hierarchy
which must overlay the storage hierarch y.

One extr eme of the stora ge device hierarchy Is characterized by the computer processor’s data register which
provides high speed data element access. The hiera rchy progresses up through random-access core or semiconductor
memory, to random-access disk or drum storage and finally to large scale mass storage devices which ar c typically
magnetic tape oriented with storage capacities In the tO ” to tO ” range. All storage devices within the hlerare’y 

- 
-

are normally read/write devices employing magnetic technolo gy to accomplish data storage.

A recent addition to the stora ge hierarc hy has been the archival mass memory. Since magnetic media suffers , 
-

degradatio n durin g readout ar id over extended storage , the need for archival data storage is gaining urgency. To
date , this need has been met by optical memories using bit-by-bit recording techniques. Holographic tedinlqur,s,

• howeve r, offer more cost-effective approaches. Holographic storag e devices are currently operational in prototype
- - - form and one system will become fully operational wIthin the next year . This system and other holographic mass

storage systems under development by Harr is Corporation are discussed in a subsequent paragraph. —

A common way to evaluate storag e hierarch ies Is to establish a generalized Information creation task which Is
then executed. SInce this is done after the file system has been designed and Implemented very little can be d ine
to optimize storage hierarchy. The literature defines numerous analytical hIerarchal memory design approaches ahick
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can be employed by the file system architect. As with the design of other file IUnctlons, the degree of optimization
of the file storage function is directly dependent upon the effectiveness of the file system’s operational objective - - -

• ~~~~~~~~~~~~~~~

4.4 Reud-O&y Opdcal Memnorle,

Read-only holographic memories typically use film as the recording media Once exposed , the film record is
removed from the recorder, developed by normal techniques, and placed In a holding area until data retrieval Is
required. If any portion of the recorded data must be changed or updated , the entir e record Must be re-recorded
and replaced within the memory. Read-only memories, therefore, are ideally suited for archival applications where
upda ting Is relatively infrequ ent.

Recent advances In materials and components have allowed the production of prototype holographic memories
as Is demonstrated by several special purpose hardware systems being developed by Harris Corpo,ati~n~ Electronic
Systems Division. Synthetic holography has been successfully applied to the storage of digital data In the Hum an
ReadlMachine Read (HR MR ) System developed under contract with the Rome Air Development Center. A research
prototype, shown in Figure 5, was delivered in May 1973 and an engineering prototype version Is currently In the
final stages of fabr ication.

The HRMR System address es the document storage , retrieval and dissemination prob lem which Is impacting
• -~ both government and Ind ustrial complexes having large document data bases. The HRMR concept is based upon

annotating a standard microfiche with the digital equivalent of the associated images. Optical readout of the digital
data directly from the microfiche facilitat es storage , retrieval and dissemination of data to both local and remote
locations.
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Fig.5 HRM R Holographic memory research equipment

A direct extension of the concept Is the full utilization of the microfiche film chip for digital data recording.
ThIrty megabit, of user data per microfiche film chip is pre sently being realized at a packing density exceeding one
megabit per square inch. Since this pacicing density Is significantly below theoretical limitations , considerable

• improvement can be anticipated as components and techniques are refined. Further , the synthetic recording
• 

• technique has been shown to be compatible with the developing dry silver film technology which eliminates wet
fihn processo~

The HRM R engineering prototype system collects mIcrofiche film chips into a mass data stor e which has a
maximum capac ity of 2(10h1 ) bits. A physical data block size on a single microfiche chip Is approximately 433
klIoblts and represents the smallest addressable and retrievable physical data .epment. Because of the chip rather
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tha. tape n!edls b east, data accea~ ility Is enhanced ; any physical data block within the total store can be retrieved
in lass than IS seconds. True archivability of the standard silver halide film recording media mid nondestructive
readout a’s additional advantages.

Witile the use of synthetic holography for storage of digital data on microfiche provides a solution to some
mats memory requirements, different recording techniques and physical record formats are mote suitable to other
types of applications. For example, the storage and retrieval of digital data In very large data records at extremely
fast recording and readout data rates can be best handled using roll film and lnterferomet,lc holography.

As wIth magnetic tape recorders, the large supply of continuously moving recording media allows very ls’pr
(I .., tens to hundreds of ,nepbits) dat . records to be recorded and played back with little Inte rfa ce buffering. Roll
film formats also allow sustained data roixsslng at hundreds of megabit, per second. Thus, holographIc recording

• I on roll film offers an extension of the tsrge data buffer capabilities now offered by high speed Instrumentation-type
magnetic tape recorders. Currently. sIs~~e transport magnetic tape recorders can operate at recording and playback
speeds of up 10 10 or 90 Mb/s and can store data at a linear density of about 600 Kb/Inch on one-Inch wide tan.

• 
- In comparison, holographic techniques can be used to record and reproduce dIgital data on single transport devices

‘at several hundred megabits per second at linear packing densities that are at least six times greater than now 
~
‘- ~t~’cal

with magnetic tape.

The Wldeband Holographic Recorder Exploratory Development Model, also under development by the Harris
Corporation Electronic Systems Division under contract with the Rome Mr Development Center. uses roll film

• format and an Interferometric recording approach. An operational breadboard has demonstrsteu the recording and
• readout of data at rates up to 600 Mb/s. Using Interferometrlc Fourier transform holography, about 3(10”) bits

of data can be recorded on a S000.foot roll of 35 mm film. At recording rates of up to 500 Mb/i, nonstop recording
could be sustained for approximately 9.5 minutes. Readout rates reduced by 10:1 or 100:1 from record rates are
ead~y Implemented. Although recording is readily accomplished using roll film supplies, once recorded, the f ilm can

• be segmented and caatettc mounted when faster, more random access data or distribution of duplicate data packs Is
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S. DATA RETRIEVAL 
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The collection, conversion and storage of data elements collectively make up what Is commonly referenced as - 
-

-

a “data base”, although the tcml Is somewhat ambiguous and Ill-defined. II’ one were to ask an organizatIon’s senior
level manager what comprised his data base, a typical response would suUest that only machine-readable dIgital data

- : • was Included. In actuality, an organization’s data base ii much more complex and includes mkro!ilm and paper files,
as well as those “special” desk flies of Individual personnel throug hout the organization. It also includes the hard-

• wage facilIties and people used to store, process and transfer data elements.

Data Is very much an organization’s resource which must be carefully preserved and managed. Like cash
• 

• resources, data Is useless If It Is unavailable when needed. All too often, data is integrated Into specialized functions ‘
~of a given department or a given Individual. When a need suddenly arises to utilize the data in othpr areas, it is

often (nrstratinijy difficult If not impossible to access the required data element s - -

Data base management Is Integrally associated or Is synonymous with data access and the successful management
of data is crucial to the success of any organization , regardless of whether that organization Is a government, company

- 
• 

cc Individua L Data management includes not only the formatting o~ data and its manipulation , ~,u’ also the contro l
and allocation of all file system resources: firmware, software and personnel. Unfortunately, data management is •

often restricted to just the control of data files by a softwa e system and does not encompass the tota l flh system. - 
—

The management requirements associated with large data tiles has become so complex and crit ical that * new
technology area Is emerging: the science of Information Management. Previously, procedures and techn lqucs\ of this
ac~ nce have evolved in a haphazard and uncoordinated nanner. Each data management application within eaCh
organization has developed discret ely from others and has produced great waste and inefficiency- Only recently have
unified approaches been documented. Applications techniques are also just beginning to materialize in the form-of ‘ •

hardware systems and electronic data processing software.

5.1 Data D se Il~~~~~’i.S
The moat common .pproach to data bise management is to store data elements along fUnctional lines of the -

organizat ion. Even within this structure , data Ii organized around special activIties of the functional organization. •~ - .

As new activities are Identified, redundant data is created to satisfy the new requirements. Similarly, If another level
of organization needs access to the data , the data Is copied and transferred A typical office Is a perfect example of ‘.

the redundancy associated with human-readable paper records ; each Individual must or strongly (eels that he should
have his own personal copy of key memos, correspondence and reports, The fundamental reason for this attachment - ,

to reduniant flies Is accessibility. Redundancy can be eliminated by means of a management system utilizing
centralized files; unfortunatel y these are often difficult and time consuming to access. To be effective, therefore,
any data base management technique must make data accessible while still accomplishing a primary objective of
seducing redundancy within she file system.

Si,ve data exists In eIther human-readable fonit or machlne-readabk form, data bases can be and are configured
around each form. The major human-readab le (cnn of a data base Is the mlcrographics files, the major machine-
readable fo’m Is the electronic data processing, digital data base. Naturally technology of both areas can be merged 

- 

- 
• -

to form a hybrid data bare which can pr..wIde unique advanta ges In special situations. - -

The moit common data base form Is the digital data base which fac ilitates the processing of dali elements Into
Info rmatIo n tro d the dIssemInation of the Information to remote locations. Tue dIgital data base can)e configured
Into a self-co staIned facility whIch can be accessed only by programmers or It can be oriented around a specialized
computer language which allows easy access to and manIpulation of laige quantities of data by nonproglammers.
This specialized software I. called the Data Base Management System (DS$IS). •

Commonly available data base management softwar, systems address only a limIted segment qt data bate types
inch accounting, Inventory control, and other commercIal fUnctions. Specialized systems are being developed to
address applications unique to specific pcofstsional areas such as th. medical and legal professions., The big gap In
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data base management software Is In the scienWicaly skaIsd data bme. These .ppl -’4aa usualy cbiractniaed
I by large. variable length data elements and by uniqueness, hence, scIentifically ~ikaIJ tile ayes... uunally general,

their own management techniques which satisfy individual and unique acorns ~~uli.~ :~~ The uliu.~ale objective
of these management techniques are no different (rose other applications areas; I-c., the objective Is so elimInate data
element storage redundancy and to facilitate data element access. - .

5.2 Management Systems Software

A data base mana gement system (DBMS) software plckage snually Is co-resident wills a computer’s operatIng
system and serves to intercept and servIce all input/output requests for data entIt y retrieval and storage. Consequently,
tile security and Integrity procedures are easily implemented within the DBMS package. Applications programs, which
are a digital file’s primary Information generator , access the DBMS facildies by means of macro-type instructions
which define new files, establish new data hierarchies or retrieve old files and hierarchies for processing, The DBMS
facilities may be accessed both by normal host language compiler~ such as COBOL or FORTR AN or by special

- DBMS applications programs which allow a nonprogramm er to easily manipulate the data base

‘3 A multitude of commerciall y availab le DBMS software packages exist and a non-exhaustive list Is provided in
Table I to illustrate this fact. Each package provides distinct characteristics which can effectively accommodate
certain categories of file systems. Some packages are machine oriented while some are machine independent.
Naturally, the machine indep endent versions provide an additional measure of flexibility II ha rdware changes are

- anticipated. Also, the machine indep endent packages are usually generated by non-hardware oriented vendors and
must be-efficient and cost-effective if the supplier Is to stay in business.

• TABLE S
Cømosercially Available DBMS Sof tware

System
Acronym Vendor Source

- 
ADABAS Software ,~G
CICS IBM

- Data ComIDB Computer Information Management Corporation
DBMS- SO Digital Equipment Corporation
DMS.lI Burroughs Corporation
DMS/90 Sperry Univac
DMS 1100 Sperry Univac

• 
- 

IDMS Cullina ne Corporation -

• l-D S/I Honeywell Infonnations Systems
ISM-VS IBM
lMS-2 IBM
INQUIRE Infod4a ~ystems incorporated
Model 204 Compi4cr~CorporatIon of America
System 2000 MRS S4ste~ns

- 
TOTA L CinconjSY~items

- Wllhout exceptIon, generation of new software ~or any purpose, is an expensive undertaking . Utilization of
existing softwa re is less expensive , less ti me consumi4 and less risky than the do-it-yourself route. Consequentl y.

• commercially available DBMS software is recomrncnd~i when implem enting or updatin g a file system.

5.3 ImplementatIon ConsideratIons

A DBMS system Is oflly as good as the facilities, 4oth software and firmware , which are available to it.
- Although applicatIons software programs are norm~ ;ly ~svolved in the process of informatio n generation. the human
fl who Initiated the retrieval procedure Is also involvcd. l%i many instance s, and particu larly In the access of. dynamic

files, the hu man is ver y actIvely Involved. This indivld4l performs a real.time analysis of the information presented
to him. From the knowledge he gains, he int roduces n4v data elements into the Ak system or Initiates additional
Information generation actIvities within the Ale system. ~ObvIously the file must be highly dynamic as the newly

4 
Introduced data elen.ents should (must) be avallabk In ,4a1 time (or subsequent processing. This Is not an easy
task for most general purpose computers , especially lvge%scale computer systems ehicli tend to bc Input /output
constrained.
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- The retrIeval function , therefore, must not only retrieve and trans(onn data elements Into Information but also -

must present this Information In human detectable loon, normally human-readable (one. Alphanumeric printers -

(one one class of output devices and range from a simple tektype to a high speed printer. This class also Includes
CRT tenninals, Another output class Is the Image output device which Includes the graphics terminal , television
display and facsimile reproducer. Other lass common classes of output devices stimulate the human s audio, smell
or touch sensory systems. 

- -

In addition, Implementation considerations of the retrieval (unction Include presentatIon of the data at the -
place where needed. Often this Implies remotely locating the output terminal. The Implementation of even this - -
capability has been facilitated by the development of modems which allow remotely located devices to Interact over
standard communications netwo,ks.
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Section Vi -

CONFIGURING TIlE FiLE SYSTEM

6. CONFIGURING THE FILE SYSTEM

When an organIzation Identifies a need to establis h a file, it typically strives with great diligence to Implement
the file system using general purpose electronic data processing (EDP) equipment which exists wsthin the organization.
There are certainty strong economic (actors (or making such considerations. Unfor tunately, however , the common
approach taken is one of tailori ng and constraining file system requirements around current equipment units rather
than one of determinin g how and what existing equipm ent can be used to optimumly Implement tota l file system
objectives. Naturally , If the common appro ach is taken, operati onal results do not meet anticip ated performan ce
specifications. It is, therefore, informative to review cursorily the development history of general purpose EDP
equipment and the typical evolution of file systems which are processed by this equipment.

Computers were first configured to replace manual acti vities in accounting functions. As their versatilIty grew
they expanded to other functional areas, bt.t normally these computers still processed a single job stream In serial
fashion. The processing unit of these e,tty computers (and in many of today ’s computer s too) was Idle a majority
of the time waiting for the Inputloutpr. t (I/O ) fa~..!stics to supply data or procedures. This condition caused

• Improved I/O networks and peripheral devices to be developed with faster I/O tran sfer capacities. Processor unit
Improvements continued In paral lel with 110 improvements such tha i typical system configurations were stilL 1/0
bound.

Availability of sophisticated software monitor sy stems which introduced memory partitioning and multitask
processing significantly helped but still did not fully alleviate the 110 problem. In general, EDP systems continued
to glow bi~~ , and to increase the capability to process larger quantities of dat a , but jobs were still serial or batch
processed and sophisticated algori thms were used to schedule jobs such that I/O throughput was optimized.

As seen by this discussion, a major disadvantage to the big EDP system was accessibility. Users submitted jobs
and went on to other activities until results were availab le, minutes , hours, or days later. Typical changes were then
made to the job and it was resubmitted. The cycle continued un til adequate answers were obtained or until (rostra-
tion caused Inadequate , hence, incompkt e knowledge, to be tolerated. The “tim e-share ” approach was then
developed which allowed multiple users to effectively use the EDP system simultaneou sly and with “immed iate”
response. Unfortunate ly, when numerous users simultaneously accessed the EDP system, I/O limitations again were
encountered and immediate response degraded to seconds or minutes. Naturally, even thi s degraded response was
significantly bett.r than the previous batch processing approach , but huma n nature has a way of quickly expecting
the best response at all times. Special activities are even established around best performance and it then becomes
a necessity.

- - As files evolved in an organization its general purpose computer system was most likely utilized in some aspect
of the Ale’s processing activit.es. The ED? equipment also continued to be utit ized for routine data processing
activities associated with the normal functions of the organization. When new processing functions were identified
or when new file related functions were implemented , stora ge was expanded , more I/O channels were added (hence
mare peripherals ), a faste r processin g unit was incorporated , remote job ent ry capability was added and even time
shar e features to remote access terminal s may have been added. The ultimate feature to be considere d was the mass
store devIce. The ED? facility typicall y grew Into a big inI~omogeneous monster full of redundancy and inefficiency.

To help solve these prob lems the user was finally forced to implement some form of a DBMS to hand le its data
files. As noted above. DBMS systems are compatible with and operate in conjunction with computer operating system
software. The addition of a DBMS then becomes an expansion in software just as the addition of another peri pheral
Is an expansion In limswarc. In many situation s the DBMS does provide a viable solution and allows file manipulation
tasks to be handled on existing EDP hardware In what migh t be classified as a centralized , single processing unit
system configuration. In many other situations , the DBMS does not pWvide an adequate solution primarily because
generalized EDP equipment, often configured from a single vendor ’s product line, Is applied to handle very specIfic
file system problems. Addi tionally, routine computational functions may be simultaneous ly compet ing with the file
system (or EDP resources,

‘Pie physically Immense, dynamic file system design requires that special sttent lon be given to the I/O structure
of the system Implementation. As noted above, centralized systems funnel all I/O requests Into a single processor 

. - - -- -~~~ -.~ -~~~ 

-—- — -- ~~~~~— -s —— -— —~~~~~~~-~~~~ -~~~ -~~~ ~~~__ -~~~~~
._

~~~~~~~ — -—~~~ -~~ —~~~~~~- -



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______

—- ‘~ ‘ ‘r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
- —--- -- -—-- -~-—~~

. .-
N IS -

~~~
-
~~

- t  a
tintS. To hand le the I/O throughput problem which is a significan tly critical area of the centralized system, addItIonal
EDP equipment can be added to concentrate and stage I/O transactions to the central processor.

-j Hrili~~Inuoduced I/O concentratIon Into the ED? system. It now becomes highly economical to locate die
concentrator in die general area of the peripheral devices which (red it. In the case of remote access term inals, the
concentrator may be physically separated front the central site by a significant distance. What has now happened.
Is that the centralized ED? system has been slIghtly decentralized.

Although cconomlc factors were probably the main reason for initial decentralization of I/O facilities, It was
quickly discovered that portions of all Ale functions could be decentralized to remote locations such that total (II.
system response was drastically Improved. The limit of decentralization is the distributed rile system which applies
the “divide to conque r” concept to overcome I/O constraints of the centralized concept. In the distributed system.
those portions ol the file functions which are closely related and dynamically interactive are segregated into satellite
subsyvtenu. Ia ~, satellIte subsystems inteicommunicatc to allow data element interchange where required.

Satellite subsystems do not necessarily have to be large scale EDP systems. Fortunately, ED? systems grew
In size and capacity, many applications were identified which could more effectively use a small processor wIth
limited performance. This was the Imp etus (or the minicomputer technology development which now yields mini-

~~~putgr systems having data processing power far superior to so called large ED? equipment of. decade ago.

The evolution of data processing devices Is still in process and technology has now yielded the mlcroprocesaor
which I. typically used In non.dynamic programming situations. File systems Implementation alternatives, therefore,
Include large scale, mini, and micro computer configurations .
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CONCLUSION

II 7. CONCLUSION

A trend In the world today Is to continuously collect more and more data In incr easingly bigger Ales. Those
organizations having the biggest physical data collection, however, arc often faced with the same file manipulation
problems as organizations having relativel y small files. This can be attributed to the fact that proper file man lpu la

- lion equipment , both firmware and software, has not been utilized in the file system implementation configuration.

- 
To assure that a file system meets performance expectations , an organization must establish precise file system

‘ object ives and procedures. AU functions of the Ale must be clearly defined and all file states must be Iden ti fied .
Implementation devices may then be overlayed on rit e definition and performance paramete rs of alternat e approach es

- may be traded off within each file (unction area.

- The above statements are not to Imply that all problems In the handlIng of a lar ge data mass have been effectIvely
- solved. Significant problems still remain to challen ge available technology which often is found lacking in required

- capabi lity. One especially critical area in which technolo gy must be advanced is the area of document conversion
Into digitally processable formats. Document conversion problems encom pass not only textually oriented documents

- but also maps, graphs, photo graphs , etc .

Accuracy and conversion efficiency are still fundamental and overwhelming problems even though substantial
- - techni cal activity has beca expended for many years in both area s. For ezample, character recognition is still limited

to basic fonts and requires operator intervention and monitoring. Graphic arts conversion is typically slow even for
automat ic document digitizers which yield tremend ous quan tities of data. Manual digitizing techniques yield more
efficient dat a formats , but are substantially slower and often Inaccurate. The problems with map conversion are
basically a composite collection of all of these problems compounded by the large fundamenta l data ‘rolurne associated
with a map. Although map conversion and storage is currently tasking available technology beyond its limits , the
need to digitally store and process image data is rapidly reaching a point of urgency. Unfortunately, iroage data

- volume is at least an order of magnitude larger than map data

- . Althou gh numerous techniques and equipment s have been developed , none represents a true panacea for the
document c’.enversion problems. Optical techniques are possibly offering the greatest potential and are being activel y
explored. The fallout of this act ivity can be expected to continuously impro ve current techniques.

- - Document conversion Is n,t the only area In wh ich technology can be advanced. Data storage and data retrieval

- -~ are both ar eas in which technohgy is striving to provide improved methods and devices. Data storag e has had several
major breakthrou ghs as noted in Section IV. Data retrieval , however , is still an area which needs improved methods
Most current r~tneval schemes ar e eased on the generation of cross-reference indexes. These work efficiently as long

- I - as the data can be accessed by one of the cross-re ferenced paramete rs which was established at file defin ition time.
- Naturally thi r Is not the normal case : hence, some rapid mechanism for providin g an efficient global search of the
- data base (or any parameter must be developed . Also, as noted in the previous section , generalized tile structures

which faciliu te data retrieval and processi ng are still needed for many classes of data storage systems.

This tack of readily ava ilable and efficient techniques and equipment further emphasi zes the need to accur ately
define a dynamic file’s purpo se and function. Only then can implementation techniques be traded off effectively such
that realistic approaches ate established.
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14.Abstzact -

This report discusses what constitutes a file system , how it evolves and where special
emphasis needs to be placed In its design and implementation. Although generalized
file systems are considered where possible , digitally oriented files are preferenti ally
covered. Emphasis is also placed on the physically immense files.

- 
I The file functions of collection , conversion , storage and retrieval are presented and

the file cycle associated with data element is discussed on the basis of a generalized
file system. Also discussed are file system objectives and their importance in the
defin ition of an implementation configuration.
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