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1. Introduction

1.1 The Dat aconputer System

The dataconputer is a large-scale data utility system offering data
storage and data nanagenent services to other conputers

The dataconputer differs fromtraditional data managenent systens in
several ways.

First, it is inplenented on dedicated hardware, and conprises a separate
conputing system specialized for data nanagenent.

Second, the systemis inplenented on a large scale. Data is intended to
be stored on mass storage devices, with capacities in the range of a
trillion bits. Files on the order of one hundred billion bits are to be
kept onli ne.

Third, it is intended to support sharing of data anbng processes
operating in diverse environments. That is, the prograns which share a
gi ven data base may be witten in different |anguages, execute on

di fferent hardware under different operating systems, and support end
users with radically different requirenents. To enable such shared use
of a data base, transformati ons between various hardware representations
and data structuring concepts nust be achi eved.

Finally, the dataconmputer is designed to function snoothly as a
component of a much larger system a conmputer network. In a conputer
networ k, the dataconputer is a node specialized for data nanagenent, and
acting as a data utility for the other nodes. The Arpanet, for which

t he dataconputer is being devel oped, is an international network which
has over 60 nodes. O these, some are presently specialized for

term nal handling, others are specialized for conputation (e.g., the
ILLIAC I V), some are general purpose service nodes (e.g., MILTICS) and
one (CCA) is specialized for data nanagenent.

1. 2 Dat al anguage

Dat al anguage is the | anguage in which all requests to the dataconputer

are stated. It includes facilities for data description and creation,
for retrieval of or changes to stored data, and for access to a variety
of auxiliary facilities and services. |n datalanguage it is possible to

specify any operation the dataconputer is capable of perforning
Dat al anguage is the only | anguage accepted by the dataconputer and is
t he exclusive neans of access to data and services.
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1.3 Present Design Effort

We are now engaged in devel opi ng conpl ete specifications for
dat al anguage; this is the second iteration in the |anguage design
process.

A smaller, initial design effort devel oped sone concepts and principles
whi ch are described in the third working paper in this series. These
have been used as the basis of software inplenmentations resulting in an
initial network service capability. A user nmanual for this system was
publ i shed as worki ng paper numnber 7.

As a result of experience gained in inplenentation and service, through
further study of user requirenents and work with potential users, and

t hrough investigation of other work in the data managenent field, quite
a few i deas have been devel oped for the inprovenent of datal anguage
These are being assimlated into the | anguage design in the iteration
now i n progress.

Wien the | anguage design is conplete, it will be incorporated into the
exi sting software (requiring changes to the | anguage conpiler, but
having little inpact on the rest of the system

Dat aconputer users will first have access to the new | anguage during
1975.

1.4 Purpose of this Paper

Thi s paper presents concepts and prelinmnary results, rather than a
conpl eted design. There are two reasons for publishing now.

The first is to provide information to those planning to use the

dat aconputer. They may benefit from know edge of our intentions for
devel opnent .

The second is to enable system and | anguage designers to comment on our
wor k before the design is frozen

1.5 Organi zati on of the Paper

The renai nder of the paper is divided into four sections.

Section 2 discusses the nost gl obal considerations for |anguage design
This conprises our view of the problem it has influenced our work to

date and will determ ne nost of our actions in conpletion of the design
This section provides background for section 3, and revi ews sone

Wnter, HIl & Geiff [ Page 4]



RFC 610 Furt her Datal anguage Desi gn Concepts Decenber 1973

material that will be fanmiliar to those who have been followi ng our work
cl osel y.

Section 3 discusses sone of the specific issues we have worked on. The
enphasis is on solutions and options for solution.

In sections 2 and 3 we are presenting our "top-down" work: this is the
t hi nki ng we have done based on known requirenments and our conception of
the desirable properties of datal anguage.

We have al so been working fromthe opposite end, devel oping the
primtives fromwhich to construct the | anguage. Section 4 presents our
work in this area: a nodel dataconputer which will ultimtely provide a
preci se senantic definition of datal anguage. Section 4 explains that
part of the nodel which is conplete, and relates this to our other work

Section 5 di scusses work that remains, both on the nodel and in our
t op-down anal ysi s.
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2. Considerations for Language Design

2.1 Introduction

Dat a managenent is the task of nmanaging data as a resource, independent
of hardware and applications prograns. It can be divided it into five
maj or sub-t asks:

(1) _creating_ databases in storage,

(2) making the data _available_ (e.g., satisfying queries),

(3) _maintaining the data as information is added, del eted and
nodi fi ed,

(4) assuring the _integrity of the data (e.g., through backup and
recovery systens, through internal consistency checks),

(5) _regulating_access , to protect the databases, the system and
the privacy of users.

These are the najor data-related functions of the dataconputer; while
the systemwi |l ultinmately provide other services (such as accounting
for use, nonitoring performance) these are really auxiliary and conmon
to all service facilities.

This section presents global considerations for the design of

dat al anguage, based on our observations about the problemand the
environnent in which it is to be solved. The central problemis data
managenent, and the dataconputer shares the sanme goals as many currently
avai | abl e data managenent systens. Several aspects of the dataconputer
create a uni que set of problens to be sol ved

2.2 Hardware Consi derations

2.2.1 Separate Box

The dataconputer is a conplete data managenent utility in a separate,
closed box. That is, the hardware, the data and the data nanagenent
software are segregated from any general - purpose processing facilities.
There is a separate installation dedicated to data managenent.

Dat al anguage is the only neans users have for comunicating with the
dat aconputer and the sole activity of the dataconputer is to process
dat al anguage requests.

Dedi cati ng hardware provi des an obvi ous advantage: one can specialize it
for data managenent. The processor(s) can be nodified to have data
managenent "instructions”; comon | ow | evel software functions can be
built into the hardware.
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A |l ess obvious, but possibly nore significant, advantage is gained from
the separateness itself. The systemcan be nore easily protected. A
ful ly-devel oped dat aconputer on which there is only maintenance activity
can provide a very carefully controlled environment. First, it can be
made as physically secure as required. Second, it needs to execute only
system sof tware devel oped at CCA; all user prograns are in a high-leve

| anguage (datal anguage) which is effectively interpreted by the system
Hence, only dataconputer system software processes the data, and the
systemis not very vulnerable to capture by a hostile program Thus,
since there is the potential to develop data privacy and integrity
services that are not avail able on general - purpose systens, one can
expect less difficulty in developing privacy controls (including

physi cal ones) for the dataconputer than for the systens it serves.

2.2.2 Mass Storage Hardware

The dataconputer will store nost of its data on nass storage devices
whi ch have distinctive access characteristics. Two exanples of such
hardware are Precision Instrunments’ Unicon 690 and Anpex Corporation’s
TBM system They are quite different fromdisks, and differ
significantly from one another.

However, alnost all users will be ignorant of the characteristics of

t hese devices; many will not even know that the data they use is at the
dat aconputer. Finally, as the devel opnent of the system progresses

data may be invisibly shunted from one dataconputer to another, and as a
result be stored in a physical format quite different fromthat
originally used.

In such an environnent, it is clear that requests for data should be
stated in |ogical, not physical terns.

2.3 Networ k Environnent

The network environnent provides additional requirenments for
dat aconput er desi gn.

2.3.1 Renote Use

Since the dataconputer is to be accessed renotely, the requirenent for
ef fective data selection techniques and good nechanisns for the
expression of selection criteriais anplified. This is because of the
narrow path through which network users comunicate with the

dat aconputer. Presently, a typical process-to-process transfer rate
over the Arpanet is 30 kilobits per second. VWhile this can be increased
t hrough optim zati on of software and protocols, and through additiona
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expenditure for hardware and conmunications lines, it seens safe to
assune that it will not soon approach local transfer rates (nmeasured in
t he nmegabits per second).

A typical request calls for either transfer of part of a file to a
renote site, or for selective update to a file already stored at the
dat aconputer. In both of these situations, good nechani sns for
specifying the parts of the data to be transnitted or changed wl|l
reduce the anmount of data ordinarily transferred. This is extrenely

i mportant because with the low per bit cost of storing data at the

dat aconputer, transm ssion costs will be a significant part of the tota
cost of dataconputer usage.

2.3.2 Interprocess Use of the Dataconputer System

Ef fective use of the network requires that groups of processes, renote
from one another, be capable of cooperating to acconplish a given task
or provide a given service. For exanple, to solve a given probl em which
i nvol ves array mani pul ation, data retrieval, interaction with a user at
a termnal, and the generalized services of a |language like PL/I, it may
be nost economical to have four cooperating processes. One of these
could execute at the ILLIAC IV, one at the dataconputer, one at MILTICS
and one at a TIP. \While there is overhead in setting up these four
processes and in having them conmuni cate, each is doing its job on a
system speci alized for that job. |In many cases, the result of using the
specialized systemis a gain of several orders of magnitude in econony
or efficiency (for exanple, online storage at the dataconputer has a
capital cost two orders of magnitude | ower than online costs on
conventional systens). As a result, there is considerable incentive to
consi der sol utions involving cooperating processes on specialized

syst emns.

To summari ze: the dataconputer nust be prepared to function as a
component of small networks of specialized processes, in order that it
can be used effectively in a network in which there are many specialized
nodes.

2.3.3 Common Network Data Handling

A large network can support enough data nanagenent hardware to construct
nore than one dataconputer. Wile this hardware can be conbined into
one even | arger dataconputer, there are advantages to configuring it as
two (or possibly nore) systems. Each system should be |arge enough to
obt ai n econoni es of scale in data storage and to support the data
managenent software. |Inportant data bases can be duplicated, with a
copy at each dataconputer; if one dataconputer fails, or is cut off by
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network failure, the data is still available. Even if duplicating the
file is not warranted, the description can be kept at the different

dat aconputers so that applications which need to store data constantly
can be guaranteed that at |east one dataconputer is available to receive
i nput .

These kinds of failure protection involve cooperation between a pair of
dat aconputers; in sone sense, they require that the two dataconputers
function as a single system Gven a system of dataconputers (which one
can think of as a small network of dataconputers), it is obviously

possi ble to experinment with providing additional services on the

dat aconput er-network level. For exanple, all requests could be
addressed sinply to the dataconputer-network; the dataconputer-network
coul d then determ ne where each referenced file was stored (i.e., which
dat aconputer), and how best to satisfy the request.

Here, two kinds of cooperation in the network environment have been
ment i oned: cooperation anong processes to solve a given problem and
cooperation anong dataconputers to provide gl obal optimzations in the
net wor k-1 evel data handling problem These are only two exanpl es,
especially interesting because they can be inplenented in the near term
In the network, much nore general kinds of cooperation are possible, if
alittle farther in the future. For exanple, eventually, one mght want
t he dataconputer(s) to be part of a network-w de data nanagenent system
in which data, directories, services, and hardware were generally

di stributed about the network. The entire systemcould function as a
whol e under the right circunmstances. Most requests would use the data
and services of only a few nodes. Wthin this network-w de system
there woul d be nore than one data managenent system but all systens
woul d be interfaced through a common | anguage. Because the

dat aconputers represent the | argest data nanagenent resource in the
network, they would certainly play an inportant role in any network-w de
system The | anguage of the dataconputer (datal anguage) is certainly a
conveni ent choice for the common | anguage of such a system

Thus a final, albeit futuristic, requirenent inposed by the network on
the design of the dataconputer system is that it be a suitable ngjor
conmponent for network-wi de data managenent systens. |f feasible, one
woul d |'i ke datal anguage to be a suitable candidate for the comon

| anguage of a network-wi de group of cooperating data managenent systens.

2.4 Different Modes of Dataconputer Usage
Wthin this network environnent, the dataconputer will play severa
roles. In this section four such roles are described. Each of them

i nposes constraints on the design of datal anguage. W can anal yze them
in terns of four overl appi ng advant ages whi ch the dat aconputer provides:

Wnter, HIl & Geiff [ Page 9]



RFC 610 Furt her Datal anguage Desi gn Concepts Decenber 1973

Ceneral i zed data nanagenent services
Large file handling

Shar ed access

Econom ¢ vol une storage

PoNE

O course, the primary reason for using the dataconputer will be the
dat a nmanagenent services which it provides. However, for sone
applications size will be the dominating factor in that the dataconputer
will provide for online access to files which are so |arge that
previously only offline storage and processing were possible. The
ability to share data between different network sites with w dely
different hardware is another feature provided only by the dataconputer
Econom es of scal e nmake the dataconputer a viable substitute for tapes
in such applications as operating system backup

Natural ly, a conmbination of the above factors will be at work in nost
dat aconputer applications. The follow ng subsections describe some
possi bl e nodes of interaction with the dataconputer

2.4.1 Support of Large Shared Dat abases

This is the nost significant application of the dataconputer, in nearly
every sense

Projects are already underway which will put databases of over one
hundred billion bits online on the Arpanet dataconputer. Anobng these
are a database which will ultimately include 10 years of weather
observations from 5000 weat her stations |located all over the world. As
onl i ne dat abases, these are unprecedented in size. They will be of
international interest and be shared by users operating on a w de
variety of hardware and in a wi de variety of |anguages

Because t hese databases are online in an international network, and
because they are expected to be of considerable interest to researchers
inthe related fields, it seens obvious that there will be extrenely
broad patterns of use. A strong requirenent, then, is a flexible and
general approach to handling them This requirenent of providing
different users of a database with different views of the data is an
overriding concern of the datal anguage design effort. It is discussed
separately in Section 2.5.

2.4.2 Extensions of Local Data managenment Systens
We i magi ne | ocal data handling systens (data nanagenment systens,

applications-oriented packages, text-handling systens, etc.) wanting to
t ake advantage of the dataconputer. They may do so because of the
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econoni cs of storage, because of the data managenent services, or
because they want to take advantage of data already stored at the

dat aconputer. In any case, such systens have sone distinctive
properties as dataconputer users: (1) nost would use |ocal data as wel
as dataconputer data, (2) nmany woul d be concerned with the transl ation
of local requests into datal anguage.

For exanple, a system which does sinple data retrieval and statistica
anal ysis for non-progranm ng social scientists nmight want to use a
census dat abase stored at the datacomputer. Such a system may perform a
range of data retrieval functions, and may need sophisticated
interaction with the dataconputer. |Its usage patterns would nake quite
a contrast with those of a single application program whose sol e use of
t he dat aconputer involves printing a specific report based on a single
known file.

Thi s soci al -science system woul d al so use sone | ocal databases, which it
keeps at its own site because they are snall and nore efficiently
accessed locally. One would like it to be convenient to think of data
the sane way, whether it is stored locally or at the dataconputer
Certainly at the lower levels of the |ocal software, there will have to
be differences in interfacing; it would be nice, however, if |ocal
concepts and operations could easily be translated into datal anguage.

2.4.3 File Level Use of the Dataconputer

In this node of use, other conputer systens take advantage of the online
storage capacity of the dataconputer. To these systens, dataconputer
storage represents a new class of storage: cheaper and safer than tape,
nearly as accessible as |ocal disk. Perhaps they even automatically
nove files between |ocal online storage and the dataconputer, giving
users the inpression that everything is stored locally online.

The distinctive feature of this node of use is that the operations are
on whole files.

A systemoperating in this node uses only the ability to store,
retrieve, append, renanme, do directory listings and the like. An
obvi ous way to make such file level handling easily available to the
network conmunity is to nmake use of the File Transfer Protocol (see
Net work | nformation Center docunent #17759 -- File Transfer Protocol)
already in use for host to host file transfer

Al t hough such "whole file" usage of the dataconmputer would be notivated
primarily by econonic advantages of scale, data sharing at the file
| evel could also be a concern. For exanple, the source files of common
network software might reside at the dataconputer. These files have

Wnter, HIl & Geiff [ Page 11]



RFC 610 Furt her Datal anguage Desi gn Concepts Decenber 1973

little or no structure, but their common use dictates that they be
available in a conmon, always accessible place. It is taking advantage
of the economnmics of the dataconputer, nore than anything el se, since
nost of these services are available on any file system

This node of use is nentioned here because it may account for a large
percentage of datal anguage requests. It requires only capabilities
whi ch woul d be present in datal anguage in any case; the only special
requirenent is to nmake sure it is easy and sinple to acconplish these
t asks.

2.4.4 Use of Dataconputer for File Archiving

This is another econom cs-oriented application. The basic idea is to
store on the dataconputer everything that you intend to read rarely, if
ever. This could include backup files, audit trails, and the I|ike.

An interesting idea related to archiving is increnental archiving. A
typical practice, with regard to backing up data stored online in a

ti me-sharing system is to wite out all the pages which are different
than they were in the last dunp. It is then possible to recover by
restoring the last full dunp, and then restoring all incremental dunps
up to the version desired. This systemoffers a |ower cost for dunping
and storage, and a higher cost for recovery; it is appropriate when the
probability of needing a recovery is |low Datal anguage, then, should be
designed to pernit convenient increnental archiving.

As in the case of the previous application (file system), archiving is
i nportant as a design consideration because of its expected frequency
and econom cs, not because it necessarily requires any extra generality
at the language level. It may dictate that specialized nmechani sns for
archiving be built into the system

2.5 Data Sharing

Controlled sharing of data is a central concern of the project. Three
maj or sub-problenms in data sharing are: (1) concurrent use, (2)

i ndependent concepts of the same database, and (3) varying
representations of the sane database.

Concurrent use of a resource by multiple independent processes is
commonly inplenented for data on the file level in systens in which
files are regarded as disjoint, unrelated objects. It is sonetines
i npl enented on the page | evel

Consi derabl e work on this problem has already been done within the
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dat aconputer project. Wen this work is conplete, it will have sone
i mpact on the | anguage design; by and | arge however, we do not consider
this aspect of concurrent use to be a | anguage probl em

O her aspects of the concurrent use problem however, may require nore
consci ous participation by the user. They relate to the senmantics of

col l ections of data objects, when such collections span the boundaries
of files known to the internal operating system Here the question of
what constitutes an update conflict is nore conplex. Related questions
arise in backup and recovery. If two files are related, then perhaps it

i s meaningless to recover an earlier state of one w thout recovering the
corresponding state of the other. These problens are yet to be

i nvesti gated.

Anot her problemin data sharing is that not all users of a database
shoul d have the same concept of that database. Exanples: (1) for
privacy reasons, sonme users should be aware of only part of the database
(e.g., scientists doing statistical studies on nedical files do not need
access to nane and address), (2) for program data i ndependence, payrol
progranms shoul d access only data of concern in witing paychecks, even
though skill inventories may be stored in the sane database, (3) for

gl obal control of efficiency, sinplicity in application progranm ng, and
program dat a i ndependence each application program should "see" a data
organi zation that is best for its job.

To further analyze exanple (3), consider a database which contains

i nformati on about students, teachers, subjects and also indicates which

students have which teachers for which subjects. Depending on the

problemto be solved, an application program nmay have a strong

requi renent for one of the follow ng organi zati ons:

(1) entries of the form (student,teacher, subject) with no concern about
redundancy. |In this organization an object of any of the three
types may occur many tines.

(2) entries of the form

(student, (teacher, subj ect),
(teacher, subj ect),

tteacher,subject))
(3) entries of the form

(teacher, subj ect, (student...student),
subj ect, (student...student),
subj ect, (student.. .student))

and ot her organi zations are certainly possible.

One approach to this problemis to choose an organi zation for stored
data, and then have application prograns wite requests which organize
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output in the formthey want. The application programer applies his
ingenuity in stating the request so that the process of reorganization
is combined with the process of retrieval, and the result is relatively
efficient. There are inportant, practical situations in which this
approach is adequate; in fact there are situations in which it is
desirable. In particular, if efficiency or cost is an overriding
consideration, it nmay be necessary for every application programer to
be aware of all the data access and organi zation factors. This may be
the case for a massive file, in which each retrieval nust be tuned to
the access strategy and organi zati on; any ot her node of operation would
result in unacceptable costs or response tines.

However, dependence between application prograns and data organi zation
or access strategy is not a good policy in general. In a w dely-shared
dat abase, it can mean enornous cost in the event of database
reorgani zati on, changes to access software, or even changes in the
storage nmedium Such a change may require reprogranm ng in hundreds of
application prograns distributed throughout the network.

As a result, we see a need for a | anguage whi ch supports a spectrum of
operating nodes, including: (1) application programis conpletely

i ndependent of storage structure, access technique, and reorgani zation
strategy, (2) application program paranetrically controls these, (3)
application programentirely controls them For a wi dely-shared

dat abase, node (1) would be the preferred policy, except when (a) the
application programmer could do a better job than the systemin naking
deci sions, and (b) the need for this increnent of efficiency outweighed
the benefits of program data independence.

In evaluating this question for a particular application, it is
important to realize the role of global efficiency analysis. Wen there
are nany users of a database, in sone sense the best node of operation
is that which mininizes the total cost of processing all requests and
the total cost of storing the data. Wen applications cone and go, as
real -worl d needs change, then the advantages of centralized control are
nore likely to outweigh the advantages of optim zation for a particul ar
application program

The third maj or sub-problemarises in connection with itemleve
representations. Because of the environment in which it executes, each
application programhas a preferred set of formatting concepts, |ength
i ndi cators, paddi ng and ali gnnent conventions, word sizes, character
representations, and so on. Once again it is better policy for the
application programto be concerned only with the representations it
wants and not with the stored data representation. However, there will
be cases in which efficiency for a given request overrides all other
factors.
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At this level of representation, there is at |east one additiona

consi deration: potential |oss of information when conversion takes

pl ace. Whoever initiates a type conversion (and this will sonetines be
t he dat aconputer and sonetines the application progran) nust also be
responsible for seeing that the intent of the request is preserved.
Since the dataconputer nust always be responsi ble for the consistency
and the neani ng of a shared database, there are sone conflicts to be
resol ved here.

To summari ze, it seens that the result of wi de sharing of databases is
that a larger system nust be considered in choosing a data nmanagenent
policy for a particular database. This larger system in the case of

t he dat aconputer, consists of a network of geographically distributed
applications prograns, a centralized database, and a centralized data
managenment system The requirenent for datal anguage is to provide
flexibility in the managenment of this larger system |In particular, it
must be possible to control when and where conversions, data re-

organi zations, and access strategies are nade.

2.6 Need for High Level Conmunication

Al'l of the above considerations point to the need for high |evel

conmuni cati on between the dataconputer and its users. The conpl ex and
di stinct nature of dataconputer hardware nake it inperative that
requests be put to the dataconputer so that it can nake nmaj or deci sions
regardi ng the access strategies to be used. At the sane tine, the large
anounts of data stored and the demand of sone users for extrenely high
transm ssi on bandwi dths nake it necessary to provide for user control of
sone storage and transm ssion schenes. The fact that databases will be
used by applications which desire different views of the sane data and
with different constraints neans that the dataconputer nust be capable
of mappi ng one users request onto another users data. |Interprocess use
of the dataconputer neans that datasharing nust be conpletely
controllable to avoid the need for human intervention. Extensive
facilities for ensuring data integrity and controlling access nust be
provi ded.

2.6.1 Data Description

Basic to all these needs is the requirenent that the data stored at the
dat aconput er be conpletely described in both functional and physica
paraneters. A high |level description of the data is especially

i mportant to provide the sharing and control of data. The dataconputer
nmust be able to map between different hardware and different
applications. In its nost trivial formthis nmeans being able to convert
bet ween fl oating point nunber representations on different machines. On
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the other extrene it neans being able to provide nmatrix data for the
ILLIAC IV as well as being able to provide answers to queries froma
natural |anguage program both addressed to the sanme weat her data base.
Dat a descriptions nust provide the ability to specify the bit |eve
representations and the |ogical properties and rel ationships of data.

2.6.2 Data integrity and Access Contro

In the environment we have been describing, the problens of maintaining
data integrity and controlling use of data assunme extrene inportance.
Shared use of dataconputer files depends on the ability of the

dat aconputer to guarantee that the restrictions on data-access are
strictly enforced. Since different users will have different
descriptions, the access control nechani sm nust be associated with the
descriptions thensel ves. One can control access to data by controlling
access to its various descriptors. A user can be constrained to access
a given data base only through one specific description which linits the
data he can access. |In a systemwhere the updaters of a database nmay be
unknown to each other, and possibly have different views of the data,
only the dataconputer can assure data integrity. For this reason, all
restrictions on possible values of data objects, and on possible or
necessary rel ati onshi ps between objects nust be stated in the data
descri ption.

2.6.3 Optimization

The decisions regardi ng data access strategy nust ordinarily be made at
t he dat aconputer, where know edge of the physical considerations is
avai |l abl e. These decisions cannot be nade intelligently unless the
requests for data access are made at a high I evel

For exanple, conpare the following two situations: (1) a request calls
for output of _all_ weather observations nmade in California exhibiting
certain wind and pressure conditions, (2) a series of requests is sent,
each one retrieving California weat her observations; when a request
finds an observation with the required wind and pressure conditions, it
transmits this observation to a renote system Both sessions achieve
the sane result: the transm ssion of a certain set of observations to a
renote site for processing. In the first session, however, the

dat aconputer receives, at the outset, a description of the data that is
needed; in the second, it processes a series of requests, each one of
which is a surprise

In the first case, a smart dataconputer has the option of retrieving al

of the needed data in one access to the nass storage device. It can
then buffer this data on disk until the user is ready to accept it. In
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the second case, the dataconputer |acks the information it needs to nake
such an optimn zation

The | anguage should permit and encourage users to provide the

i nformati on needed to do optim zation. The cost of not doing it is nuch
hi gher with mass storage devices and large files than it is in
conventional systens.

2.7 Application Oriented Concerns

In the above sections we have described a nunber of features which the
dat aconput er system nust provide. In this section we focus on what is
necessary to nake these features readily available to users of the

dat aconput er .

2.7.1 Dataconputer-user Interaction

An application interacts with the dataconputer in a _session_. A
session consists of a series of requests. Each session involves
connecting to the dataconmputer via the network, establishing identities,
and setting up transm ssion paths for both data and dat al anguage.

Dat al anguage is transnmitted in character node (using network standard
ASCI 1) over the datal anguage connection. Error and status nessages are
sent over this connection to the application program

The data connection (called a PORT) is viewed as a bit streamand is
given its own description. These descriptions are simlar to those given
for stored data. At a mininumthis description nust contain enough
informati on for the dataconputer to parse the incomng bit stream It

al so may contain data validation information as well. To store data at
t he dataconputer, the stored data nust al so have a description. The
user supplies the mappi ng between the descriptions of the stored and
transmtted data.
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Figure 2-1

A Model of Dataconputer/User Interaction

2.7.2 Application Features for Data Sharing

In using data stored at the dataconputer, users nmay supply a description
of the data which is custonized to the application. This descriptionis
mapped onto the description of the stored data. These descriptions may
be at different levels. That is, one may nerely rearrange the order of
certain itenms, while another could call for a total restructuring of the
stored representation. So that each user may be able to build upon the
descriptions of another, data entities should be given named types.
These type definitions are of course to be stored along with the data
they describe. In addition, certain functions are so closely tied to
the data (in fact may be the data in the virtual description case -- see
section 3), that they nust also reside in the dataconputer and their tie
with the data itens should be maintai ned by the dataconputer. For
exanpl e, one user can describe a data base as nade up of structures
containing data of the types _latitude_and _longitude_. He could also
describe functions for conparing data of this type. Oher users, not
concerned with the structure of the _latitude_ component itself, but
interested in using this information sinply to extract other fields of

i nterest can then use the comonly provided definitions and functions.
Furt hernmore, by adopting this strategy as nany users as possi ble can be
made insensitive to changes in the file which are tangential to their
main interests. For exanple, _latitudes_ could be changed from binary
representation to a character formand if use of that field were
restricted to its definitions and associ ated functions, existing
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application systens woul d be unaffected. Conversion functions could be
defined to elimnate the inpact on currently operating programs. The
ability of such definitional facilities neans that groups of users can
devel op common functions and descriptions for dealing with shared data
and that conventions for use of shared data can be enforced by the

dat aconputer. These facilities are discussed under _extensibility in
Section 3.

| |
| | APPLI CATI ON | | | | APPLI CATI ON|
| | DATA | | |_] PROGRAM | |
I I IDESCRIPTICNSI I I ([ |
| | N | HOST 1
| | | |
|| | I P |
|| | || DATA ||
[ ] | | | FUNCTIONS |
|| | O O — ||
|| R R [ |
| ] | | STORED | __| | | ] | | APPLI CATI ON|
|| |__|  DATA | ___ | |_|___|_| PROGRAM | |
| | STORED| | DESCRIPTION __ | | ] I |
| | DATA| | ___ O || | |
|| | n R | R |
|| | | || || | | APPLI CATION |
|| | [ || || |_| PROGRAM | |
|| | | DATA | |_] | I I ||
|| | | FUNCTIONS | l || | |
I | [ | I HOST 2

DATACOVPUTER

Fi gure 2-2

Multiple User Interaction with the Dataconputer

2.7.3 Comruni cati on Mde

W intend that datal anguage, while at a high | evel conceptually, will be
at a low level syntactically. Datal anguage provides a set of prinitive
functions, and a set of comonly used higher |evel functions (see
section 4 on the datal anguage nodel). In addition, users can define
their own functions so that they can comunicate with the dataconputer
at a level as conceptually close to the application as possible.
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There are two reasons for datal anguage being at a | ow | evel
syntactically. First, it is undesirable to have progranms conposing
requests into an elaborate format only to be deconposed by the

dat aconputer. Second, by choosing a specific high | evel syntax, the
dat aconput er woul d be inposing a set of conventions and termn nol ogy
whi ch woul d not necessarily correspond to those of nobst users.

DATACOVPUTER ENVI RONIVENT | QUTSI DE ENVI RONIVENT
r
| __| GENERAL| ____
| | DVvB |____
| I |l |
| | HGER| | I
|PRRMTIVE| ___ | LEVEL |__ |LOWLEVEL|___ | COBOL | | CcoBOL
| LANGUAGE | | LANGUAGE] | SYNTAX | | SERVER | | PROGRAM |
|l I | l““T““l I |l |
| | ON LI NE|
| | QUERY |____
_______ | |
| I
| TERM NAL|
| | USERS |

|
APPLI CATI ON  APPLI CATI ONS
| SERVERS

Fi gure 2-3
Dat acomput er / User Wor ki ng Envi r onnment

2.8 Summary

In this section we have presented the major considerations which have

i nfluenced the current datal anguage design effort. The dataconputer has
much in conmon with nost | arge-scal e shared data nanagenent systens, but
al so has a nunber of overriding concerns unique to the dataconputer
concept. The nost inportant of these are the existence of a separate
box containing both hardware and software, the control of an extrenely

| arge storage device, and enbedding in a conmputer network environnent.
Data sharing in such an environnent is a central concern of the design
Bot h extensive data description facilities and high | evel conmunication
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bet ween user and dataconputer are necessary for data integrity and for
dat aconputer optinmi zation of user requests. |In addition, the expected
use of the dataconputer involves satisfying several conflicting
constraints for different nodes of operation. One way of satisfying
vari ous user needs is to provide datal anguage features so that users may
devel op their own application packages w thin datal anguage.

Wnter, HIl & Geiff [ Page 21]



RFC 610 Furt her Datal anguage Desi gn Concepts Decenber 1973

3. Principal Language Concepts

This section discusses the principal facilities of datal anguage.
Specific details of the |anguage are not presented, however, the

di scussion includes the notivation behind the inclusion of the various
| anguage features and also defines, in an informal way, the terns we
use.

3.1 Basic Data |Itens

Basic data are the atonmic |evel of all data constructions; they cannot
be deconposed. Al higher level data structures are fundanentally
conposed of basic data itens. Many types of basic data itens will be
provided. The type of an item deterni nes what operations can be
performed on the item and the meani ng of those operations. Datal anguage
will provide those primtive types of data items which are commonly used
in conputing systens to nodel the real world.

The followi ng basic types of data will be avail able in datal anguage:
_fixed_point_nunmbers_, _floating_point_nunmbers_, _characters_,
_booleans_, and _bits_. These types of itens are "understood" by the
dat aconputer systemto the extent that operations are based on the type
of an item Datal anguage will also include an _uninterpreted_ type of
item for data which will only be noved (including transmitted) from one
pl ace to another. This type of data will only be understood in the
trivial sense that the dataconputer can determine if two items of the
uninterpreted type are identical. Standard operations on the basic
types of items will be available. Operations will be included so that
t he dat aconputer user can describe a wi de range of data nanagenent
functions. They are not included with the intent of encouragi ng use of
t he dataconputer for the solving of highly conputational problemns.

3.2 Data Aggregates

Dat a aggregates are conpositions of basic data itens and possibly other
data aggregates. The types of data aggregates which are provided all ow
for the construction of hierarchical relationships of data. The
aggregates which will definitely be available are classified as
_structs_, _arrays_, _strings_, _lists_, and _directories_.

A struct is a static aggregate of data itens (called _conponents ). A
struct is static in the sense that the conponents of a struct cannot be
added or deleted fromthe struct, they are inextricably bound to the
struct. Associated with each conponent of the struct is a nane by which
that conponent nmay be referenced relative to the struct. The struct
aggregate nmay be used to nodel what is often thought of as a record,
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with each conponent being a field of that record. A struct can al so be
used to group conponents of a record which are nore strongly rel ated,
conceptual ly, than ot her conponents and may be operated on together

Arrays allow for repetition in data structures. An array, like a
struct, is a static aggregate of data itens (called nenbers ). Each
menber of an array is of the sanme type. Associated with each nenber is
an i ndex by which that nenber can be referenced relative to the array.
Arrays can he used to nodel repeating data in a record (repeating

groups) .

The concept of string is actually a hybrid of basic data and data
aggregates. Strings are aggregates in that they are conpositions
(simlar to arrays) of nore printive data (e.g., characters). They are,
however, generally conceived of as basic in that they are nostly vi ewed
as a unit rather than as a collection of itenms, where each item has

i ndi vi dual inportance. Also the nmeaning of a string is highly dependent

on the order of the individual conponents. |n nore concrete terns,
there are operations which are defined on specific types of strings.
For exanple, the logical operators (_and , or , etc.) are defined to

operate on strings of bits. However, there are no operations which are
defined on arrays of bits, although there are operations defined on both
arrays, in general, and on bits. Strings of characters, bits, and
uninterpreted data will be available in datal anguage.

Lists are like arrays in that they are collection of simlar nenbers.
However, lists are dynamic rather than static. Menbers of a list can be
added and deleted fromthe list. Al though, the nenbers of a list are
ordered (in fact nore than one ordering can be defined on a list), the
list is not intended to be referenced via an index, as is the case with
an array. Menbers of a list can be referenced via sone nethod of
sequenci ng through the list. A list nenber, or set (see discussion
under virtual data) of nenbers, can also be referenced, by sone nethod
of identification by content. The list structure can be used to node
the conmon notion of a file. Also restrictive use of lists as
conponents of structs provides power with respect to the construction of
dynani ¢ hierarchical data relationships belowthe file level. For
exanpl e, the nmenbers of a list may thenselves be, in part, conposed of
lists, asin alist of famlies, where each fanmly contains a list of
children as well as other information

Directories are dynam c data aggregates which nay contain any type of
data item Data itens contained in a directory are called _nodes_.
Associ ated with each node of a directory is a nane by which that data
itemcan be referenced relative to the directory. As with lists, itens
may be dynamically added to and deleted froma directory. The prinmary
nmotivation behind providing the directory capability is to allow the
user to group conceptually related data together. Since directories
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need not contain only file type information, "auxiliary" data can be
kept as part of the directory. For exanple, "constant" information,
like salary range tables for a corporation data base; or user defined
operations and data types (see below) can be maintained in a directory
along with the data which may use this information. Al so directories
may thensel ves be part of a directory, allowing for a hierarchy of data

gr oupi ng.

Directories will also be defined so that systemcontrolled i nformation
can be maintained with sone of the subordinate itens (e.g. tinme of
creation, tinme of update, privacy locks, etc.). It may also be possible
to allow the data user to define and control his own information which
woul d be nmaintained with the data. At the | east, the design of

dat al anguage will allow for paranetric control over the infornation
managed by the system

Directories are the nost general and dynamic type of aggregate data.
Both the nanme and description (see below) of directory nodes exist with
t he nodes thensel ves, rather than as part of the description of the
directory. Also the level of nesting of a directory is dynam c since
directories can be dynamically added to directories. Directories are
the only aggregate for which this is true.

Dat al anguage wil|l al so provi de sone specific and useful variations of
the above data aggregates. Structs will be available which allow for
optional conponents. In this case the existence of a conponent would be
based on the contents of other conponents. It may also he possible to
all ow for the existence to be based on information found at a higher

| evel of data hierarchy. Simlarly, conponents with _unresolved_ type
will be provided. That is the conponent may be one of a fixed nunber of
types. The type of the conponent woul d be based on the contents of

ot her conponents of the struct. It is also desirable to allow the type
or existence of a conponent to be based on infornmation other than the
contents of other conponents. For instance, the type of one conponent
m ght be based on the type of another conponent. 1In general, we would
like for datal anguage to allow for the attributes (see below of one
itemto be a function of the attributes of other itens.

W would also like to provide mixed lists. Mxed lists are lists which
contain nore than one type of nenbe