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| nt roducti on

A primary consequence of the use of networks of conputers is the
demand for nore efficient shared use of data.

Many of the inpedenments to easy shared data follow fromthe many
di verse ways of representing and making reference to the sane dat a.
Al nmost all of these problens have been known before data was shared
t hrough conputer networks, but the network facility has sinply
enphasi zed t he probl ens.

For conveni ence of discussion, representation differences will be
classified in three categories. The first category is one of very |ocal
representation - the bit patterns for the character set, for fixed point
and floating point nunbers. These differences are usually inposed by
differences in CPU s and storage devices. Translations from one
representation to another at another at this |level can usually be nade a
unit at a tine (e.g. conputer word by conputer word) with the nost
serious problenms occurring when there are sone val ues in one
representati on scheme whi ch have no correspondi ng meaning in the other
representation schene, as, for expanble, when trying to translate
eight-bit bytes to six-bit bytes.

A second category of differences has to do with the representation
of collections of data, e.g., their size, ordering and | ocati on.
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A third category of representation differences whichis alittle
difficult to characterize has to do with all the nore conpl ex structures
that data collections may have - for exanple, files with indexes, fields
with internal pointers and cross references, and collections of files
such as partitioned data sets and generation data sets in OS 360.

The approach to coping with these problenms within our project of
Net wor k/ 440 has been to work on the devel opnment of a descriptive
| anguage whi ch woul d pernit the specification of those aspects of data
representati on which would be subject to transformation in noving data
about in a network. Then, the network data managnent system woul d be
able to refer to the descriptions as needed in the data nmanagenent
function. For exanple, to a |arge extent, one could supply two
descriptions to the data nanager, one w ch indicates how data i s now
represented, and one which indicates how a copy of it should | ook, and
the data nanagnment systens coul d i nvoke the necessary transformations to
make the proper copy.

Thi s approach to specifying data transformati on contrasts somewhat
with systenms, such as the RAND Form Machi ne, which provide a formalism
for specifying the particular translation alogrithnms for changing form
one formto another. the descriptor-to descriptor approach seens to
si mpl yfy the progranm ng burden when creating new field formats. Neither
nmet hod of specifying translations precludes the use of a Network
St andard Reprsentation

Structure

The descriptive | anguage assunes that data may have an inherent
structure i ndependent of other groupings, such as nane groupings,
| ocki ng groupings, etc., inposed on it. A data structure description
consi sts of groupi ngs of established data val ue type codes. The list of
establ i shed data val ue types should be sufficient, through appropriate
groupi ngs, to describe any hierarchical structure of data.

The data type identifies how the data value is to be interpreted. A
list of data type codes is given below This |list nust be able identify
each data type that may exist in a data set in any machine in the
net wor k. However, for data sets that contain only data types of the
machine on which it is stored, it is not necessary that a different code
be defined for different fornms of any single type that nay exist anpbng
di fferent nmachines. The data type specified in the description along
with the identification of the machine at which the data is stored is
sufficient to conpletely describe all such fornms of the data types. A
tentative list of machi ne dependent type codes, conpiled by
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G Howe and T. Kibler is as foll ows:

F fl oati ng point

I fixed

D doubl e precision floating point
C character string

X conpl ex

P packed deci ma

L | ogi cal

It is desirable to be able to construct data sets that contain
either data types not allowable at the machine at which the data set
is stored or, possibly, even types that say not exist at any nachine
in the network. For exanple, one may wish to store eight bit data on a
six bit machine. This may, in principle at |east, be done by defining
a logical data set containing eight bit bytes in terns of a real data
set containing six bit characters. For this, however, data val ue type
descriptors have to be defined that are machi ne i ndependent. The basic
nmachi ne i ndependent data type is as foll ows:

B bit.
It is not clear at this tine that any others are necessary since others
can be built fromthis one. For conveni ence, other standard machi ne
i ndependent data types nay |ater be defi ned.

Two ot her machi ne i ndependent types are useful in describing
structures. These are:

Z nul

@] omt.
the null type indicates that there is no data corresponding to this
item however, the itemshould be counted as existing in the structure.

The onit type indicates just the opposite: there is data that should not
be counted as an item it should be ignored.
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A grouping of data values is described by the list of elenments of

the grouping enclosed in parentheses. An el enment of grouping may be
either a data value as descri bed by one of the data val ue type codes, or
a grouping. The list consists of these elenents, separated by comras and
i ndi cates that the elements appear in the grouping in the order

i ndi cated. For exanple, the description:

((C O, (FF1))

describes a data collection consisting of two subgroupings, the first
subgroupi ng consisting of two data values of type 'C, and the second
subgroupi ng consisting of two data values of type 'F followed by a data
value of type 'I’. the structure of this data collection is thus a three
| evel tree which may be shown in two dimensions as follows:

(I)
()---C)

I I
CC F-F-I

Properties

O her properties of data beyond that of the structures and
composition of the data set have also to be described. These may be
assigned to itenms of the data collection, where an item nmay be defined
as an individual data value, or a grouping of these, by nodifying the
itemdescription with the specification of the preperties that apply to
it. The notation that will be used will be an infix notation of the
form

operand operator |[extent]|

where the operator indicates the property type, the operand the property
val ue and the optional extent the nuner of itenms to which the property
applies. Nornmally the property is assuned to apply to just the foll ow ng
itemin the description. If the property is to apply to nore than just
the following itemdescription, this is indicated by specifying a nunber
as the extent, this nunber indicating how many of the follow ng item
definitions at the sanme |evel the property is to apply to.

Type - The structure description of the data set is a constitutiona
or syntactic description of the data set. In some cases it is necessary
to give a discription of the use or neaning of an elenent. For exanpl e,
in some conplex data structures, the linkages of the structures may be
represented as data values in the data set. Thus, though the nore
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conmpl ex data structure is represented in a hierarchical formand, as a
result, is in a formdescribable by the above notation, the data val ues
that represent the linkages, and their neaning, mnmust somehow he
represented in the data description in order for the conplex data
structure to be truly described. As another exanple, one may w sh
ascribe to sonme |evel of the data structure the type '"record’ so that
the data set can be used by sone system which uses the concept ’'record
in accessing the data.

What an initial set of such types should be has not been dei cded.

Nanmes - ltens of a data structure can be given names by nodifying
the itens description with a notation of the form

nane n |[extent]].

Dependi ng on the context of its use, the nanme can refer to the
description itself or to the data pertaining to the nanmed part of the
description. The nane is assuned to be unique only within the scope of
extent of the next higher enconpassi ng nane unl ess ot herw se indicated
by giving anot her enconpassi ng nane as the scope. This nay be the name
of the whole data set or description, for exanple. The scope of a nane
is specified by preceding the inner name by the outer name or nanes,
separated by dots. The nane:

A, BETA
i ndi cates that the scope of the nane BETA is A

The nanme applies to just the following itemin the description
unl ess ot herwi se indicated by including the extent paraneter, For
exanpel , the description

(An(C, O, (Bn[ 2 ]F,Cn[ 2 ]1F, 1))

i ndicates that nane Ais given to the itemthat contains two data val ues
of type 'C, the nanme B to two data val ues, both of type 'F, and the
nane Cto the last two data val ues, one of type 'F, and the other of
type 'I’. Notice that with this notation, extents can overlap. For
exanpl e, in the above description, the extent of name B overl apped t hat
of name C.

In a description, the sane nanme can be applied to nore than one item
definition either by use of the extent paraneter, or by actually
specifying the name at each itemto be included in the extent of the
nane. If a name is nultiply-applied within the sane scope, then the nane
is assunmed to apply to the aggregate of the itens to which it has been
given. Thus is possible to apply nanes to aggregates of itens that are
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not necessarily sequenti al
Lock - During the course of processing data, it nmay be necessary to
| ock out use of sonme portion of data to other users. Segnmentation of a

data set into units for |ocking purposes may be indicated by the
not ati on:

k| [extent]].
Whet her or not the data is |ocked and the type of l|ock applied (for
exanple, wite protect or read/wite protect) is specified at the tine
the data is used.

Aut horization - Authorization for a user to access data nay be
governed by sone access code assigned to the data. This access code can
be specified in the description by nodifying the desired el enments of the
description with an indication of the code. The notation is:

code a |[extent ]|
Contr ol

Two nodifiers are provided which govern the existence of itens in
the definition. The first is the repetition nodifier:

factor r |[extent ]]|.

This causes the following itemdefinition or itemdefinitions (if the
extent indicates nore than one) to be repeated. Thus the description

(3rQ
is equivalent to the description
(C CO.
The other control nodifier is the condition nodifier:
condition c |[extent ]|.
If the condition specified is not true, then the follow ng item
definition is ignored. The condition is specified by a Bool ean
expr essi on.
Since several nodifiers may apply to an itemdefinition, there is a
probl em concerning the relationship anong them For exanple, if a

repetition nodifier and a conditional nodifier apply to an item does
the condition apply to all the repeated itens, or only to the first,
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assunmi ng the extent of the condition nodifier is one? The effect of
nmultiple nodifiers is dependent on the order in which they are

eval uat ed. Two possi bl e conventions cone to nind. One says that
repetitions are expanded first, then properties applied, and finally
conditions applied to the resulting expanded item definitions,

i ndependent of the order in which the nodifiers were specified in the
description. Thus the description

(A=3c [ 4 14rF, 1)

is equivalent to
(4rA=3c[ 4 1F, T),

and if the condition is true, is equivalent to
(F,F,F, F, 1),

or, if the condition is not true, is equivalent to

(T).
The ot her convention is that the nodifiers are evaluated in the order in
whi ch they appear in the description, perhaps. in reverse order - the

nodifier imediately preceding an itemdefinition is evaluated first,
then the one next preceding, etc. This gives nore flexibility of meaning
to the nulitple nodifiers. For exanple, the descriptions

(A=3c3rQ
and

(3rA=3cQ)
are not equivalent. |In the first, only the first of the three
repetitions is affected by the condition whereas in the second, Il three

repetitions are affected. Since this second convention is nore flexible,
it shall be the one assumed. This convention allows, for exanple, the
repetition nodifier to the applied to a naned item as shown:

(3rAnC).
The nanme A applies to the three itens (in effect, the nane Ais applied
three tines). This facility allows a name to be applied to a vertica
colum in a two dinmensioned array by, for exanple, the description:

(3r[ 3 ]C, AnC, O
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whi ch given the nane A to the second colum of the 3x3 array.

Ref er ence

Nanmed descriptions, or parts of descriptions, that have al ready been
defined nmay be inserted into a description using the notation:

$ specification.

Is a description, the reference is used as an itemdefinition of a
string fo itemdefinitions. The itemdefinitions used are those defi ned
by the name given. Nanes that apply to the nanmed itemor itens as a
whole in the description in which it is defined are ignored by the
description at which is referred. However, nanes that apply to parts of
the naned itemare carried over to the description at which it is
referred. For exanple the description

(An(F, F), 1, 3$A
is equivalent to
(An(F, F),T,(F,F)).

Notice that the nane "A" was not carried over to where the description
was referenced since it applied to the referred-to itemor itens as a
whol e.

Parts of a data set or description nust be able to be specified for
use in a reference. This specification is in terns of the structure of
the data set or description. The specification has the formof a data
set nane, or description nane, followed by nodifiers which particularize
to specifications, to the part desired. The four types of nodifiers are
for going down a level, going up a |level, going frontwards along a
| evel , and goi ng backwards.

Down - To go down a level fromthat previously specified, the
nodi fier has the follow ng form

item
or
(item],extent| |,=value|).

Havi ng gone down a level, the itemindicates which particular item at
this level is the first (or only one) desired. This may be a nunber or a
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nane. If nore than one are desired, then the extent indicates how many
items. (* as extent nmeans all remamining itens at that level, ! neans
the first itemthat neets the conditions that may he get on it or
subitens in following nodifiers.) The itens selected may he conditioned
by their contents. If a value is given, then only those itens with the
val ue indicated are sel ected. For exanpl e,

All
specifies the first field of the first record of data set A

A (1%).1
specified the first field of all the records of A,

A 1.(1,2)
specifies the first two fields of the first record of data
set A

A (1,*).(1,="768174")
specified only the first fields of all the records of A that
have val ue "768174", and

A (1,1)-(1,="768174")
finds the first field that has value "768174".

Up- To go up a level fromthat previously specified,

the nodifier has the follow ng form

" item
or

" (item]|,extent| |,=value|).
Going up a level specifies the itemup one level that contains the item
previously specified. The itemindicates which particular itemat this
| evel is desired where the containing itemis considered the first. For

exanpl e,

A (1,1).(1,=768174")" 1
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specifies the first record whose first field has value "768174".

Forward. - To go forward on the sane |evel as that previously
specified, the nodifier is as follows:

+ item
or

+ (item]|,extent| |,=value|).
This nodifier is useful when an itemfollow ng the one which has a
certain value in a field is desired. It may al so be used when the data
set nanme is really a pointer, into the data set, which has beet set
previously. Pointers may or may net be described in a section el sewhere.
Backward. - To go backward on the sane | evel as that previously
specified, the nodifier has the follow ng form

- item
or

- (item]|,extent| |,=value|).
An exanple of the use of this nodifier is when an item precedi ng the one
which has a certain value in a field is desired. This night be

speci fied:

A (1,1).(2,="768174")" 1-1

[ This RFC was put into machine readable formfor entry |
[ into the online RFC archives Cottfried Janik 9/97 ]
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