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Speci fications for Datal anguage, Version 0/9
Pref ace

Dat al anguage is the | anguage processed by the Dataconputer, a data
utility system being devel oped for the Arpanet. The Dataconputer
performs data storage and data managenent functions for the benefit
of conputers on the network

Version 0/9 is currently running at CCA. This version is extrenely
primtive; however, it does offer an opportunity for experience with
the Datacomputer and with fundanmental Datal anguage concepts.

Subsequent versions will provide greater portions of the ful

Dat al anguage capability, which has been described earlier
(Dat al anguage, Worki ng Paper No. 3, Dataconputer Project, Cctober,
1971, NIC 8028). For example, one of the primary restrictions in
0/9--elenmentary data itenms nmust be fixed-length ASCIl strings--wll
be elimnated in Version 0/10, which is currently being inplenmented.

Based on the experience gained in the inplenentation of these early
versions, and based on the feedback fromtheir use, a revised
specification of the full |anguage will be issued.

1. Introduction

Thi s docunent presents a precise and conpl ete specification of

Dat al anguage, Version 0/9. It is organized into 11 sections, of
which this introduction is the first. Section 2 discusses the
capabilities of Version 0/9 in general ternms. Sections 3 and 4 are
concerned with data description and the directory. Sections 5
through 8 cover the expression of data managenent operati ons.
Section 9 discusses the recognition of nanes. Section 10 covers

m scel | aneous topics and Section 11 specifies the syntax in BNF.

This specification is to be followed with a user manual, which will

present the | anguage in tutorial formand treat components of the
Dat acomput er -user interface other than the |anguage.
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2. Capabilities of Version 0/9

Version 0/9 of Datal anguage has capabilities for the storage of
files; for addition of data to existing files, and for the deletion
of files. Retrievals can output whole files as well as subsets of
files. Data can be selected fromfiles by content, using expressions
fornmed from bool ean and inequality operators.

At the option of the file creator, an inversion is constructed and
mai ntai ned by the Dataconputer. The inversion increases the
efficiency of selective retrieval, at the cost of storage space and
file maintenance effort. Users other than the file creator need not
be aware of the existence of the inversion, or of which fields are
inverted file keys. The |anguage is designed so that they state the
desired result of a retrieval, and the Dataconputer uses the

i nversion as much as the request pernits.

El ementary data itens are fixed-length ASCII strings. Files are a
restricted class of hierarchical structures.

Many of the restrictions nmentioned in this menmo will be short-1lived.
In particular, those statenents followed with 3 asterisks (***) refer
to restrictions that will be considerably weakened or elim nated
entirely in the next version of the software.

3. Data Description

A container is a variable whose value is a data object of genera
character and arbitrary size (In Version 0/9, size is restricted.
See section 3.4). Exanples of containers which are inplenmented in
other systens are files, records, fields, groups, and entries.

The container is distinct fromthe data in the container. For
exanpl e, space allocation is an operation on a container, while
changing the unit price field from25 to 50 is an operation on data
in a container.

A contai ner may encl ose other containers. Wen a container is not
encl osed by another container, it is said to be outernost. If
contai ner A encloses container B, and no other container in A also
encl oses B, then A immedi ately encl oses B

A Dat al anguage description is a statenent of the properties of a
cont ai ner.

Al'l containers have the attributes ident and type. Ident is a

character string by which users refer to the container. Type
determ nes the formof the container’'s value; the value can be
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el ementary, or it can consist of other containers. There are 3
types: LIST, STRUCT, and STRING ***). A LIST contains a group of
cont ai ners having the sane description. A STRUCT contains a group of
contai ners, each of which has its own description. A STRINGis a
sequence of ASCI| characters. Wile a STRINGis not really an
elementary item it is handled as one in Version 0/9.

Certain containers can have other attributes. An outernost container
has a function. The function attribute specifies whether the
container is to be used for storage or for transmi ssion

Size is some neaningful dimension of the container, which is type-
dependent. It is used for space allocation and data stream parsing.

An aggregate container (i.e., one that contains other containers) has
as an attribute the description or descriptions of its conponents.
Thus if Sis a STRUCT containing A, B, and C, then the descriptions
of A, B, and C are attributes of S

A STRING defined in certain contexts can have an inversion attri bute.
This is an access property that is not really local to the STRI NG
but is associated with it for conveni ence.

3.1 I dent

The ident of a container is conposed of al phanumeric characters,
the first of which is al phabetic. It may not consist of nore than
100 characters.

The el ements of a STRUCT nust have idents unique in the STRUCT.
3.2 Function

The function of a container is either FILE, PORT, or TEMPORARY
PORT. When the function is FILE, then the container is used for
storage of data at the Dataconputer. Wen the function is PORT,
then the container is used for transm ssion of data into or out of
the Datacomputer. Wen the function is TEMPORARY PORT (which may
be abbreviated TEMP PORT), the container behaves |ike a PORT;
however, its description is not retained in the Dataconputer
beyond the session in which it is created.
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3.3 Type

3.4 Si

Type is one of: LIST, STRUCT, or STRING These are defined on the
precedi ng page.

In an occurrence of a STRUCT, the el ements appear in the order in
whi ch their descriptions appear in the STRUCT description. Al
el ements are present in each occurrence of the STRUCT

An el enent of a STRUCT or LIST can be a container of any datatype.
However, the outernpst container nust be a LIST(***).

e

The size of a STRING is the nunber of characters in it. The size
of a STRUCT is not defined (***). The neaning of the size of a
LI ST depends upon other properties of the LIST (***).

Odinarily, the size of a LIST is the nunber of LIST-nmenbers. An
exception is the case of the outernost-LIST. 1In an outernost-LIST
with a function of FILE, the size is the number of LIST-menbers
for which space should be allocated. Wen no size is present in
this case, the systemconputes a default. |In an outernost-LIST
with a function of PORT, the size is ignored (***).

Only outernost containers may be | arger than a TENEX page (2560
ASCI | characters) (***)

3.5 I nversion

W nt er

An inversion is an auxiliary data structure used to facilitate
retrieval by content.

Its basic application is the fast retrieval of sets of outernopst-
LI ST-nenbers (this can be extended to other container sets, and
will be after release 1). Consider a list of weather
observations, stored as a file on the Dataconputer. |f quick
retrieval of observations by COUNTRY is desired, then this is
indicated in the description of the COUNTRY container. According
to comon usage in information retrieval, this makes COUNTRY a key
in the retrieval of observations.

Note that the inversion option only affects the efficiency of
retrieval by COUNTRY, not the ability to retrieve by COUNTRY
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There are restrictions on use of the inversion option. First, it
can be applied only to STRINGs. Second a STRI NG having the

i nversion option nmust occur only once in each

outernost-LI ST-menber. Third, it is ignored when applied to
STRINGs in PORT descriptions.

Eventually there will be several types of inversion option; in
Version 0/9 there is only the "D option (for distinct).

3.6 Syntax

The description is sinply an enuneration of properties; these
properties are specified in the order

<i dent > <function> <type> <size> <ot her>
Properties which do not apply are onmitted. An exanple:
F FILE LI ST (25) A STR (10)

Here '"F is the <ident> ’'FILE 1is the <function> ’'LIST is the
<type>, '(25)' is the size, and "A STR (10)’ is the <other> of one
description. O course, 'A STR (10)' is itself another
description: the description for nmenbers of the LIST naned F.

An exanpl e of a conplete description for a file of weather
observations keyed on | ocation

WEATHER FI LE LI ST
OBSERVATI ON STRUCT
LOCATI ON STRUCT
CITY STR (10), 1=D
COUNTRY STR (10), 1=D
END
TI ME STRUCT
YEAR STR (2)
DAY STR (3)
HOUR STR (2)
END
DATE STRUCT
TEMPERATURE STR (3)
RAI NFALL STR (3)
HUM DI TY STR (2)
END
END
The ENDs are needed to delimt the |ist of elenents of a STRUCT.
‘, I=D indicates that the string is to be an inversion key for
the retrieval of outernost-LIST-nmenbers
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4. Directory

The directory is a systemfile in which the names and descri pti ons of
al | user-defined containers are kept.

The directory is structured as a tree. Each node has an ident, which
need not be unique. There is a single path fromthe root of the tree
to any node. The idents of the nodes along this path are

concat enat ed, separated by periods, to forma pat hname, which

unanbi guously identifies the node (e.g., A B.C could be a pathnane
for node with an ident of C).

In a later version of the software, the directory will be generalized
to provide for |inks between nodes, so that it will not properly be a
tree. For now, however, the tree nodel is convenient and adequate.

A node nmay represent a container, or it may sinply hold a place in
the space of pathnanes. Wen it represents a container, it cannot
(currently) have subordi nate nodes.

Eventually, it is planned to nodel the directory as a structure of
containers, with its description distributed throughout the
structure. Most operations defined on the directory will be defined
on user data, and vice versa. Access privileges and privacy | ocks
will be part of the data description and will 1ikew se be applicable
both to directory nodes and data structures bel ow t he node | evel

4.1 CREATE

A CREATE-request either; (a) adds a node to the directory,
optionally associating the description of either a PORT or a FILE
with the node, or (b) creates a tenporary container which is not
entered in the directory, but has a description and can be
referenced in requests. |If the description defines a file, CREATE
causes space to be allocated for the file.

To create a node with a description:
CREATE <pat hnane> <descri pti on>
To create a node with no description:
CREATE <pat hnane>
Note that the description determ nes whether or not the container
is temporary (see section 3.2 for details).
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A CREATE-request adds a single node to the directory. Thus to add
CCA . RAWF to an enpty directory, three requests are needed:

CREATE CCA ;

CREATE CCA. RAW ;

CREATE CCA. RAWF ;
Notice that the last ident of the pathname doubles as the first
i dent of the description

CREATE CCA. RAW G FILE LI ST A STR (5) ;
That is, Gis both the ident of a node and the ident of an
out ernost contai ner of type LIST

4.2 DELETE

A DELETE-request deletes a tree of nodes and any associ at ed
descriptions or data. The syntax is:

DELETE <pat hnane> ;
The naned node and any subordi nates are del et ed.

Note that to delete data while retaining the directory entry and
description, DELETE should not be used (see section 6.3 for the
proper net hod).

4.3 LIST

The LI ST-request is used to display systemdata of interest to a

user. It causes the data specified to be transmtted through the
Dat al anguage out put port.

Several argunents of LIST apply to the directory. LIST %ALL
transmts all pathnanmes in the directory. LIST %ALL. “SOURCE
transmts all descriptions in the directory. Instead of %ALL, a
pat hname can be used:

LI ST <pn>. %ALL
Li sts pat hnanes subordi nate to <pn>

LI ST <pn>. “SOURCE
lists descriptions subordinate to the node represented by <pn>

For details about the LIST-request, see section 10.1
5. Opening and cl osing contai ners
Cont ai ners rmust be open before they can be operated on.
A container is open when it is first created. It remains open unti

closed explicitly by a CLOSE-request or inplicitly by a DELETE-
request or by session end.
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A cl osed container is opened by an OPEN-request. A tenporary
container is always open; a CLOSE-request deletes it.

5.1 Modes

An open contai ner has a node, which is one of: READ, WRITE, or
APPEND. The node determ nes the nmeaning and/or |egitimcy of
certain operations on the container.

The node is established by the operation which opens the
container. It can be changed at any tine by a MODE-request. A
CREATE | eaves the container in WRITE node. An OPEN either
specifies the node explicitly or inplicitly sets the node to READ.

5.2 Syntax

To open a contai ner:
OPEN <pat hname> <node> ;
or:
OPEN <pat hnane> ;
where <node> is defaulted to READ

To cl ose a cont ai ner
CLCSE <ident> ;
where <ident> is the nane of an outernopst container

Two containers with the sane outernost <ident> can not be
opened at the sanme tinme (***).

To change the npde of an open contai ner
MODE <i dent > <newnode> ;

5.3 LIST

LI ST %PEN transmts nane, node and connection status of each open
out ernost contai ner through the Datal anguage out put port. (The

Dat al anguage output port is the destination to which al

Dat acomput er di agnostics and replies are sent. It is established
when the user initially connects to the Dataconputer.) For
details of the LIST-request, see section 10.1

6. Assignment
Assignnent transfers data from one container to another.
The equal sign ('=") is the synbol for assignment. The value of the

operand on the right of the equal sign is transferred to the operand
on the left. (Eventually, both operands will be weakly-restricted
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Dat al anguage expressi ons, which may evaluate to sets as well as to
single containers. Now, the left nmust be a contai ner nane, the right
may be a container name or a constant.)

Assignnent is defined for all types of containers. Wen the
containers are aggregates, their elements are paired and data is
transferred between paired elenments. Elenments of the target
container that do not pair with some source el enment are handl ed with
a default operation (currently they are filled with bl anks).

The operands of an assignnment nust have descriptions that match. The
idea of matching is that the descriptions nust be sinilar enough so
that it is obvious howto map one into the other

6.1 Conditions for legitimte assignnent

Assi gnnent nust reference objects, not sets. An object is:
(a) an out ernost container, or
(b) a constant, or
(c) in the body of a FOR-1oop, either
(cl) a nenber of a set defined by a FOR- OPERAND, or
(c2) a container which occurs once in such a nenber

In the case of a reference of type (cl), the object referenced is
taken to be the current nenber. |In the case of (c2), the object
referenced is that which occurs in the current nenber. This is
expl ai ned further in section 7

The | eft operand of an assignment is subject to further
restriction. If it is an outernpst container, it nust be open in
either WRITE- or APPEND-node. |If it is not an outernost
container, then the reference is of type (c), which nmeans that
some FOR-operand has established a context in which the assign-
operand is an object. The FOR-operand which establishes this
context must be the output-operand of the FOR

When the assign-operand is an outernost container, it rnust be
open. Such an operand must be referenced by its sinple container
ident(***), not its directory pathnane.

In the body of a |oop nested in one or nore other |oops,

assignnents are further restricted, due to a 0/9 inplenmentation
problem See section 7.2 for details.
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Finally, the descriptions of the operands nust natch. |If one is a
constant, then the other nust be a STRING***). |If both are
containers, then in the expression

A = B;

the descriptions of containers A and B match if:
1. A and B have the sane type
2. If A and B are LISTs, then they have equal nunbers of
LI ST-nenbers, or else Ais an outernost-LIST.
3. If A and B are aggregates, then at |east one container
i medi ately enclosed in A matches, and has the sane ident as, one
container immediately enclosed in B

6.2 Result of assignnent

If the operands are STRINGs, then the value of B, left-justified,
replaces the value of A If Bis longer than A the value is
truncated. |If Bis shorter than A, then Ais filled on the right
with bl anks as necessary.

If the operands are STRUCTs, then assignment is defined in terns
of the STRUCT nenbers. [If a menber of A, mA, matches and has the
sanme nanme as a nmenber of B, nB, then nBis assigned to mA. If no
such mB exists, then mMis filled with blanks.

If the operands are LISTs, the result depends on several factors.
First, notice that the descriptions of the LIST-menbers nust

mat ch; ot herw se the assignnent would not be legitimte by the
mat chi ng rules of 6. 1.

If Ais an outernost-LIST, then it can be in either of two nodes:
WRI TE or APPEND. If Ais in WRITE-node, its previous contents are
first discarded; it is then handled as though it were in APPEND-
node.

If Ais not an outernost-LIST, then it is always effectively in
VRl TE- node.

After taking the nmode of A into account, as described above, the
procedure is:

for each nenber of LIST B

(a) add a new nenber to the end of A

(b) assign the current nunber of B to the new nenber of A
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6.3 Deletion of Data Through Assi gnnent

If Ais an outernpst container in WRI TE-node, and B is a container
with description that matches A, and if B contains no data, then
A=B has the effect of deleting all data fromA. Note that if Ais
i n APPEND- node in these circunstances, then A=B is a no-operation
(i.e., has no effect).

7. FOR
FOR <out put set spec>, <input set spec> <body> END ;

The output set is optional: that is, FOR need not produce output.
When the output set is omtted, the syntax is:

FOR <i nput set spec> <body> END ;

The operations specified in the body are performed once for each
menber of the input set. References in the body to the input set
menber are treated as references to the current input set menber.
VWhen an output set is present, a new nenber is created and added to
the output set for each iteration (i.e., for each input set nenber)
Ref erences to the output set nenber, simlarly, are treated as
references to the current output set nenber.

The output set spec nmust be the nanme of a LIST menber. Each
iteration of the FOR will create one such menber, and add it to its
LI ST (hereafter called the output LIST). The body term nates the
val ue that the new nenber receives. Any STRING in the new nenber
which is not given a value by the body receives he default val ue of
al | bl anks.

The input set spec nust be an expression evaluating to a set of

LI ST-nenbers (see section 7.1 for details of input set
specification). Each iteration for the FOR will input one such
menber; the FOR will termi nate when each nenber of the set has been
processed. The LIST fromwhich the input set nenbers are drawn is
called the input LIST.

FOR is effectively a neans of acconplishing variants of assignnent
between a pair of LISTS. FOR is |ess concise than assignnment, but
offers nmore flexibility. |Its advantages are:
(a) not all the input LIST-nmenbers need be transferred to the
output LIST. A subset can be selected by content.
(b) the user has explicit control over the assignnent of values to
out put LI ST-nmenbers.
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This is nost easily understood by an exanpl e:

P PORT LI ST F FILE LI ST
R STRUCT R STRUCT
B STR A STRUCT
C STR Al STR
END A2 STR
B STR
C STR
END
(1) P=F,;
(2) FORP.R F.R
PR=FR;
END
(3) FORP.RR FFRWTH AL EQ ' XY OR A2 CGE ' AB
B =2C;
C = A2 ;
END

Here, (1) and (2) are entirely equival ent requests. However, (3) is
quite different and is not expressible as assignnent. It selects a
subset of F.Rs. The values it gives to the P.Rs could not result
fromapplication of the matching rules to F and P

Because FOR is effectively assignnent between a pair of LISTs, the

LI STs referenced by a legitimte FOR-operation are |largely subject to
the sanme restrictions as LISTs referenced in an assignment. One
exception is that the descriptions of the LIST-nenbers need not

mat ch.

These restrictions are:

(a) both LI STs nmust be objects in the context in which the FOR
appears.

(b) bot h LI STs nust be open or contained in open outernost
cont ai ners.

(c) if the output LIST is an outernobst container, it nust be in
WRI TE- or APPEND- node.

(d) If the output LIST is not outernost, the LIST which nost
i medi ately encloses it nust be the output LIST of an encl osing
FOR

The node of the output LIST of the FOR affects the result nuch as it
would in an assignnent: that is, a FOR outputting to a LIST in
WRI TE- node overwites previous contents, while a FOR outputting to a
LI ST in APPEND nbde adds to previous contents.
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CAUTI ON TO THE READER: For conveni ence, these specifications use

phr
phr

ases such as 'LISTs referenced by a FOR . Recall that such a
ase is not literally correct, in the sense that the operands of a

FOR are always LI ST nenbers, not LI STs.

7.1 Details of input set specification

W nt er

The input set is specified by a Datal anguage expression that
evaluates to a set of LIST-nenbers. Such an expression can be
simply the set of all nenbers of a LIST, or it can be a subset of
the nmenbers of a LIST, specified by content. For exanple, with
the description:

F FILE LIST
R STRUCT
A STR (1)
B STR (2)
END

t he expression:

F.R
references all Rs on the LIST F. However

FRWTH A EQ'Y5
references only those R s containing an A having the value '5
The expressions pernmitted as input set specifications are of the
form

<li st-nmenber-nane> W TH <bool exp>
The <bool exp> is constructed of conparison expressions joined by
t he Bool ean operators AND and OR Any expressi on can be negated
wi t h NOT.

Conpari son operators have the highest precedence. Next highest is
AND, then OR, then NOT.

The conpari son expressions are restricted to the form
<cont ai ner name> <comop> <const ant >
wher e:
(a) <constant> is a string constant enclosed in single quotes
(see section 10.2 for a discussion of constants)
(b) <conop> i s one of six operators:

EQ equal

NE not equal

LT | ess than

Gr greater than

LE | ess than or equal to
GE greater than or equal to

(c) <container name> is the name of a STRING that appears once
in each LI ST-nenber.
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The constant is truncated or padded with blanks on the right to
make it equal in size to the container to which it is being
compared. Notice that padding on the right is not always
desirabl e (users will have control over the padding in a future
release). |In particular, care nmust be exercised when using
nunbers in Version 0/9. (A nunber represented as a STRI NG shoul d
actually be described as a nunmber; eventually it will be possible
to do this).

7.2 FOR-body

W nt er

Two operations are legitimte in a FOR-body: FOR and assignment.

These are subject to the restrictions discussed in Section 6.1 and
in the introduction to Section 7. The restrictions are related to
three requirenents: (1) that the names be recogni zabl e (see
Section 9 for details), (2) that a request be consistent regarding
direction of data transfer between containers, both within itself
and with the MODE of outernost containers, and (3) that transfers
occur between objects, not sets of objects. The first two
requirenents are permanent, but wll becone weaker in |ater

versi ons of the |anguage. The last requirenent is tenporary and
will be present only in early versions.

Due to an inplenentation problem associated with Version 0/9,
there is a sonewhat bizarre restriction applied to references nmade
in the body of a |oop nested in another loop. This restrictionis
not expected to pose any practical problens for users, and is not
part of the | anguage design, but is discussed here for
conpl et eness.

The restriction is nost easily understood by exanpl e:

gi ven the description

F LIST
R STRUCT
A STR (3)
BL LI ST (3)
B STR (3)
C STR (3)
END
and the request fragment:
FOR ...,R
FOR ...,B
oo = A
... = C,
END
END
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8.

observe:

(a) The outer | oop processes the set of Rs in F.

(b) For each Rin F, the inner |oop processes the set of B's in
the BL contained in that R

(c) In the body of the inner |oop, there are references to A and
C, which do not occur in B, but do occur in R That is, the
objects referenced in the inner |oop body are defined by the
outer |oop, not the inner loop. 1In general, this is fine;
in the case of C, however, we have a probl em

(d) C occurs beyond the end of BL.

The 0/9 conpiler is capable of neither (1) |ooking ahead enough to
| ocate C before it conpiles code for the loop, nor (2) while
generating code to loop on the B s in BL, generating a separate
body of code that skips to the end of BL to locate C. Thus it can
handl e A, which has been | ocated before it begins | oop generation,
but it cannot handle C, which requires a little foresight.

The request fragment shown woul d not cause problenms if the
description were changed to:

F LIST
R STRUCT
A STR (3)
C STR (3)
BL LIST (3)
B STR (3)
END

Then both A and C woul d have been found before code for the inner
| oop was gener at ed.

Dat a Transm ssi on

Data is transferred fromcontainer to contai ner by execution of

assi gnnent and FOR operations. The outernpst containers involved in
transfers can be files or ports. |If both are files, then the
transfer is internal to the Dataconputer. |If either is a port, then
an address in the external world is needed to acconplish the data
transm ssi on.
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Such an address is supplied through a CONNECT-request, which
associ ates a container (having a function of PORT) with an externa
addr ess:

CONNECT <i dent > TO <addr ess>
Here <address> is either a specifications of host and socket nunber,
or a TENEX file designator (for CCA s TENEX) encl osed in single
quotes. The host and socket formis:

<socket > AT <host >
where <socket> is a deci mal nunber, and <host> is either a decim
nunber or a standard host nane (since standard host nanes don't exist
right now, it has to be the TENEX 'standard’ name for the host.
Contact the author for the latest list.) |If <host>is omitted, it is
taken to be the host from which the Datal anguage i s bei ng
transmtted.

The address associated with a port can be changed by issuing anot her
CONNECT- r equest .

A DI SCONNECT- r equest sinply breaks an existing port/address
associ ation w thout establishing a new one. (A CLOSE-request that
ref erences an open port executes a DI SCONNECT.) The syntax of
DI SCONNECT i s:
DI SCONNECT <i dent > ;

A port is disconnected when: (a) no successful CONNECT-request has
ever been issued for it, or (b) a DI SCONNECT for the port has been
executed since the | ast successful CONNECT

When a di sconnected port is referenced in an assignnent, it is
connected by default either to:
(a) the connection used for the transnission of Datal anguage to the
Dat acomput er, or
(b) the connection used for the transm ssion of Dataconputer
di agnostics to the user
The choi ce between (a) and (b), of course, depends on whether the
reference is for input or output. These connections are established
by the network user’s ICP to the Dataconputer at the beginning of the
sessi on.

Not e that CONNECT and DI SCONNECT do not open files or network
connections. They sinply nmake address associations within the
Dat aconmputer. The files and connections are opened before each
request and cl osed after each request.
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9. Nanes in Datal anguage

A name is recognized when it has been associated with a particul ar
data container or set of containers.

Dat al anguage has mechani snms for the recognition of names in contexts.
That is, the meaning of the nane is related to where it appears.

This makes it possible to attach natural meanings to partially
qual i fied nanmes.

For exanpl e:

WEATHER FI LE LI ST
STATI ON STRUCT

Cl TY STR (15)

STATE STR (15)

DATA LI ST (24)

OBSERVATI ON' STRUCT

HOUR STR (2)
TEMPERATURE STR ( 3)
HUM DI TY STR (2)
PRESSURE STR ( 4)
END

END

RESULTS PORT LI ST
RESULT STRUCT
Cl TY STR (15)
HOUR STR (2)
TEMPERATURE STR ( 3)
END

FOR STATI ON W TH STATE EQ ’ CALI FORNI A
FOR RESULT, OBSERVATION W TH HOUR GT ' 12
AND HUM DI TY LT ' 75

ATy = ATY ;

HOUR = HOUR

TEMPERATURE = TEMPERATURE
END ;

END ;

in the assignment 'CITY = CITY', the first CITY is understood to be
RESULT. CI TY and the second is understood to be STATI ON. CI TY.
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9.1 Informal Presentation of Recognition Rules

"ldent’ is used in the sense of section 3. For exanple, in the
descri ption:

F FILE LIST R STRUCT A STR (1) B STR (1) END

F, RR A and B are idents.

A context is a tree whose nodes are idents. |In such a tree, the
term nal nodes are idents of STRINGs. The ident of a LIST is
superior to the ident of the LIST-nenber. The ident of a STRUCT
is superior to the idents of the STRUCT el enents. The context
whose top node is Fis said to be the context of F.

R +
[ =
T +
|
|
oo o +
1 R
R +
|
!
. . +
| |
| |
R + R +
1A ] 1 B I
T + T +

Figure 9.1-1 The context of F

A pathnane is a sequence of idents, nami ng nodes along a path from
one node to another. A full pathnane in the context starts at the
topnost node. Thus F.R B is a full pathname in the context of F.
A partial pathnane starts at a node other than the topnpst node
(e.g. RB, B).

I n Dat al anguage, pathnanes onmtting internedi ate nodes, such as

F.B (which omits "R), are not pernitted. Thus partial pathnanes
are partial only in that additional nanes are inplied on the |left.
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Three attenpts at recognition of a pathname, PN, in a context, CX
are mde:

(a) recognition of PN as a full pathnane in CX

(b) recognition of PN as a partial pathnane in which only the
topnost node of CX is omtted

(c) recognition of PN as an arbitrary partial pathnane occurring
only once in CX

The attenpts are nade in the above order, and the recognition
process halts with the first successful attenpt.

As an exanpl e, consider the description

F FILE LI ST
R STRUCT
A STR
B STR
S STRUCT
R STR

whi ch defines the context in Figure 9.1-2.

+--- - - +
1 F 1
+--m - - +
1
1
+o-m o - +
1 R |
Fomm - - +
1
1
o a o o a o +
| | |
1 1 1
Fomm - - + Fomm - - + Fomm - - +
1A 1 B | 1S 1
+----- + +----- + +----- +
|
!
+--- - - +
1 R |
+--m - - +
Figure 9.1-2 Exanpl e Cont ext
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In this context, F.R Ais a full pathnane. Thus, F.RA s
recognized in attenpt (a). R is a partial pathnane in which only
the topnost node is omtted. Thus Ris recognized in attenpt (b).
Note carefully that Ris recognized as a reference to F.R, not to
F.RS R Finally, Bis an arbitrary partial pathnane occurring
only once in the context. Thus B is recognized in attenpt (c).

Two stacks of contexts are nmaintained: one for names used in an
i nput sense, and one for nanmes used in an output sense. \Wen a
nane is to be recognized, it is first decided whether the
reference is an input reference or an output reference. An input
reference is (a) the right hand operand of an assign, or (b) a
nane in the input set spec of a FOR An output reference is (a)
the left operand of an assign, or (b) the output operand of a FOR
The first context on the appropriate context stack is then
searched, according to the procedure outlined on the previous
page. |If the nanme is neither recognized nor anbi guous in that
context, search continues in the next context on the stack. |If
the nane can be recogni zed in none of the contexts on the
appropriate stack, it is unrecognizabl e.

When a stack is enpty, the recognition procedure is different.
The search is carried on in a special context: The context of
%OPEN. Its top node, %OPEN, is a built in systemident.
Subordinate to %OPEN is a context for each open directory node.
Each such context represents all the idents defined in the
directory nodes having data descriptions:

F FILE LIST R STRUCT A STR (1) B STR (1)
and:

P PORT LIST R STRUCT A STR (1) B STR (1)
then the context of %OPEN would be as in Figure 9.1-3.
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- +
I %OPEN !
S +
|
|
. . +
| |
| |
+----- + +----- +
A IS |
+--mna + +--mna +
| |
| |
+----- + +----- +
1 R | 1 R |
+----- + +----- +
| |
| |
+----- +----- + +----- +----- +
1 1 1 1
1 1 1 1
+----- + +----- + +----- + +----- +
1 A 1 B | 1 A 1 B |
S R + S R + S R + S R +
Figure 9.1-3 The Context of %OPEN

When a directory node is closed, the corresponding context is
removed fromthe context of %OPEN. When a node is opened, the
associ ated context is added as the rightnost context subordinate
t o Y%OPEN.

9.2 Context Stack Mintenance

The context stacks are al ways enpty between requests. The FOR-
operator adds entries to the stacks. FOR A adds the context of A
to the input context stack. FOR A B ... adds the context of Ato
the out put stack and the context of B to the input stack

When adding to an enpty stack, FOR adds two contexts instead of
one. The second addition to the stack is the context of the

| ooparg; the first addition is the context of the outernost
cont ai ner whi ch encl oses the | ooparg.
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For exanple, given a context of % PEN as in Figure 9.1-3, and
enpty context stacks, the fragnent "FOR F.R ...’ adds two
contexts: (1) the context of F, and (2) the context of F.R

Contexts are renoved fromthe stacks by the END matchi ng the FOR
whi ch added them

10. M scel |l aneous Topics
10.1 The LI ST-request

The LI ST-request provides a nmeans for the user to inspect system
data of interest to him The user can deternine the contents of
the directory, the source or parsed formof any data description
in the system and the node and connection status of any open file
or port.

The LI ST operator has a single operand, which can have any of
several forms. The action of the operator is to output a list of
val ues on the Dat al anguage out put port.

To output a list of pathnanes, the operand used is '%ALL’. Wen
"OALL’ appears alone, all pathnanes in the directory are |isted.
When ' ¥%ALL’ appears after the last ident in a directory pathnane,
the full pathnanmes of all nodes subordinate to the naned node are
I'isted.

To output one or nore source descriptions, the operand ' . %S0OURCE
is used. '.Y%OURCE is preceded with one of (a) '%ALL', (b)
"OOPEN , or (c) the ident of an open outernost container. The
output is either (a) all descriptions, (b) all open descriptions,
or (c) a particular open description

To output a parsed description, the operand '.¥ESC is used
(" YOESCRI PTION is also accepted). This operand is preceded
either with (a) 'Y%PEN, or (b) the ident of an open outernost
cont ai ner.
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Exanpl es:

Let P be the ident of an open PORT. Let A B.C be a
directory pat hnane.

LI ST %ALL

LI ST A . B. C. %ALL

LI ST %OPEN

LI ST %ALL. %SOURCE

LI ST %OPEN. %SOURCE

LI ST P. %5OURCE

LI ST %OPEN. ¥OESC

LI ST P. “OESC

Note that 'LIST A B.C. %SOURCE is not legal - '.%OURCE
must be preceded with the ident of an open container, not a
pat hname. A sinmilar restriction applies to '.%ESC .

10. 2 Constants in Datal anguage

A constant of type STRING can be included in a Datal anguage
request by enclosing it in single quotes:

" ABC
A single quote is included in a constant by preceding it with a
doubl e quot e:

" FATHER"' S
Li kewi se, a double quote is included by preceding it with a double
quot e:

"JOHN SAID ""HELLO'™’

Such constants can be used on the right of conparison operators
and of assignment operators which reference strings.

Eventual | y, Datal anguage will contain facilities for the inclusion
of constants of all datatypes; such constants are sinply a special
case of the Datal anguage expression and will be pernitted wherever
such expressions are permtted.

10. 3 Character Set
Internally, Version 0/9 of the Dataconputer software operates in
7-bit ASCI| characters. |Its output to the ARPANET is converted to

8-bit ASCII. On input fromthe ARPANET, it expects 8-bit
characters, which it converts to 7-bit characters.
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To convert from7- to 8-bit characters, a "0 bit is prefixed. To
convert from8- to 7-bit characters, the high-order bit is
checked. If the high-order bit is a0, the bit is discarded and
the character is accepted as a 7-bit character. [|f the high-order
bit is a’1, then the character is discarded.

(I'n the follow ng discussion, as el sewhere in this neno, al
references to numerical character codes are in decimal).

The remai nder of this section discusses treatnent of codes 0
through 127, when they appear in Datal anguage requests.

In general, printing characters are acceptable in requests, while
control characters are not. There are some exceptions, which are
detailed below. The printing characters are codes 32-126. The
control characters are codes 0-31 and 127

Certain control characters are accepted:

Tab(9) is accepted freely in requests. It functions as a
separ ator (expl ai ned bel ow).

EQL(31), neaning end-of-line, is accepted in requests,
functioning both as a separator and an activator (a). EQO. has
a special meaning in data, and should not be introduced into
STRI NG constants(***).

Control-L(12) is an activator and a hi gh-level request
delimter. It termnates the test of any request being
processed when it is encounter in the input stream It is
useful in Dataconputer-user program synchronization

Control -Z(26) means end-of - sessi on when encountered in

Dat al anguage. It has the properties of control-L, and in
addition, causes the Dataconputer to execute an end-of - session
procedure, which results in closing the Datal anguage
connections, closing any open files or ports, etc. The effect
is equivalent to a [LOGOUT(whi ch] does not exist yet).

The two-character sequence <carriage return(13), |ine feed(10)>
is equivalent to EQL (and is translated to EQOL on input from
the network). The reverse sequence, as well as either
character alone, is treated sinply as other control characters
(ignored).

Al'l other control characters are ignored
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The printing characters are further divided into four groups:
speci al characters, uppercase letters, |lower case letters, and
digits (the nmenbership of these groups is defined in section 11).

Correspondi ng upper and | ower case letters are equivalent in
requests, except with quoted strings.

Certain special characters have a |l exical function, which is
either break or separator. A break character term nates the
current lexical itemand returned itself as the next item A
separator character term nates the current item but does not begin
anewitem(i.e., its only function is to separate itens).

Mul tiple separators are equivalent to a single separator. A
separator can always be inserted before or after a break
character, without altering the neaning of the request.

The separators are tab(9), space(32), and end-of-line(31).

The break characters are | eft parenthesis(40), right
par ent hesi s(41), equal s(61), senicolon(59), period(46), comm(44),
quot e(39), and sl ash(47).

(a) An activator character causes the Dataconputer to process
what ever has been received since the previous activator or
t he begi nning of the request. The neaning of a request is
i ndependent of the presence/ absence of activators. However,
a request will not be executed until an activator beyond the
end of the request is received.

Wil e Version 0/9 defines (carriage return, linefeed) in terns of
EQL, network users should not think in terns of sending EOL's to
the Dat acomputer over the network. EOL is not part of the network
ASCI | character set, and has no definite permanent place in

Dat aconput er i npl enentati on pl ans.

10. 4 Comment s

Conments can be included in Datal anguage requests. A conmment is
begun with the two-character sequence '/*', and ended with the
two-character sequence '*/’. Since slash is a break character, a
comrent does cause a |lexical break; its overall effect is that of
a separator.
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10.5 Reserved ldentifiers

Certain identifiers are reserved in Datal anguage, and shoul d not
be used to name containers or directory nodes. These are:

AND
APPEND
AT
CLGSE
CONNECT
CREATE
DELETE
DI SCONNECT
END

EQ

FI LE
FOR

GE

GT

LE

LI ST
LT
NODE
NE

NOT
OPEN
oRrR
PORT
READ
STR
STRUCT
TO

W TH
VRI TE

More reserved identifiers will be added in Version 0/10.
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11. Datal anguage Syntax Expressed in BNF

11.1 Requests

11.1.01 <request> =

11.1. 02 <request> = <create>

11.1. 03 <request> = OPEN <pn> ;

11.1.04 <request> = OPEN <pn> <npde>
11.1.05 <request> = CLCSE <ident> ;

11.1. 06 <request> = CONNECT <ident> TO <address> ;
11. 1. 07 <request> = DI SCONNECT <i dent> ;
11.1.08 <request> = MODE <ident> <node> ;
11.1.09 <request> = DELETE <pn>

11.1. 10 <request> = LIST <listarg> ;
11.1.11 <request> = <sr-request> ;

11.2 Data Description and Creation

11.2.01 <create> = CREATE <pn>

11.2.02 <create> = CREATE <pn> <ftn> LI ST <desc>

11.2. 03 <create> = CREATE <pn> <ftn> LI ST <size> <desc>
11.2.04 <desc> ::= <ident> <attributes>

11.2.05 <attributes> = LI ST <size> <desc>

11.2.06 <attributes> = STRUCT <descs> END

11.2.07 <attributes> = STR <si ze>

11.2.08 <attributes> = STR <size> ,1=D

11.2.09 <descs>
11.2.10 <descs>

<desc>
<descs> <desc>

11.2.11 <ftn> = PORT

11.2.12 <ftn> = FILE

11.2.13 <ftn> = TEMP PORT

11.2. 14 <ftn> = TEMPORARY PORT

11.2.15 <size> ::= ( <integer constant> )
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11.3 Data Storage and Retrieva

11.
11.

11.

11.

11.
11.

11.
11.
11.

11.
11.

.01
.01

.03

.04

.05
.06

.07
.08
.09

.10
.11

<sr-request >
<sr-request >

<assi gn>
<l oop>

<l oopar g>
<l oopar g>

<l oopbody
<l oopbody
<l oopbody

<l oopbody1>
<l oopbody1>

11. 4 Expressions

W nt er

11.
11.

11.
11.
11.
11.
11.

11.
11.
11.
11.
11.
11.

bl

bl e

el el el

01
02

03
04
05
06
07

08
09
10
11
12
13

<exp>
<exp>

<bool exp>
<bool exp>
<bool exp>
<bool exp>
<bool exp>

<conop>
<conop>
<conop>
<conop>
<conop>
<conop>

>
>
>

<assi gn>
<l oop>

::= <pn> = <object>

FOR <I oopar g> <l oopbody> END

<exp>

(1= <pn>, <exp>

<sr-request >
<l oopbody1> <sr-request >
<l oopbody1>

<sr-request> ;
<l oopbodyl> <sr-request>

<pn>
<pn> W TH <bool exp>

<pn> <conop> <string constant>
( <bool exp> )

NOT <bool exp>

<bool exp> AND <bool exp>

<bool exp> OR <bool exp>

EQ
NE
GT
LT
GE
LE
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11.

11.
11.

11.

11.

11.

11.
11.

11.
11.
11.

11.
11.
11.
11.
11.
11.
11.
11.

11.
11.

11.
11.
11.

11.
11.

11.

11.
11.

5

o

o oo

agoaaooaaa

01

.02
.03

.04

.05

.06

.07
.08

.09

10
11

12
13
14
15
16
17
18
19

20

5.21

U1 01 O

.22
.23
.24

.25
.26

.27

.28
.28

<addr ess>
<quot e>

<addr ess>
<addr ess>

<socket >
DECI MAL

<host> ::=

DECI MAL

<host> ::=

<obj ect >
<obj ect >

<npde>
<npde>
<node>

<listarg>
<listarg>
<listarg>
<listarg>

Speci fications for

Dat al anguage, Version 0/9

<quot e> <TENEX fil e desi gnat or>

;.= <socket> AT <host>

[ <Ll STARG]

<listarg>
<listarg>
<listarg>

<pn>
<pn>

<i dent >
<i dent >
<i dent >

<i nt eger constant >
<i nt eger constant>

<string constant> ::=

<quot e>

<string conbody>
<string conbody>

<i
<p

<socket >

<integer constant> //I|NTERPRETED AS

<i nteger constant> //I|INTERPRETED AS

*xx%%  TENEX host names *****

<pn>
<string constant>

READ
APPEND
VRI TE

9ALL

<pn>. YALL

%OPEN

9%ALL. ¥“SOURCE

= <| DENT>. “5OURCE
%OPEN. %S0OURCE
%OPEN. YDESC

<i dent >. “DESC

dent >
n>. <i dent >

<letter>
<i dent >
<i dent >

<letter>
<digit>

<digit>
<i nteger constant> <digit>

<quot e> <string conbody>

<nonquot e>
<string conbody> <nonquot e>
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11. 6 Character

11.
11.
11.

11.
11.
11.

11.
11.

[e2le> )]

.01
.02
.03

.04
.05
.06

. 07
.08

Speci fications for Datal anguage, Version 0/9

Set

<separ at or > /' SPACE( 32)

11.

11.

11.
11.
11.
11.
11.
11.

W nt er

o000

.26

.27

28
29
30
31

.33

<separ at or > = [/ TAB(9)

<separ at or > = <eol >

<speci al > = <quot e>

<speci al > = <superquot e>

<speci al > = <special 1>

<letter> ::= A

<letter> ::= B

<letter> = Z

<letter> = a

<letter> = b

<letter> = z

<digit> = 0

<digit> = 1

<di gi t> = 9

<nonquot e> = <letter>

<nonquot e> = <digit>

<nonquot e> = <superquot e> <quot e>
<nonquot e> = <superguot e> <super quot e>
<nonquot e> = <special 1>

<nonquot e> = <separ at or>

<eol > = [//EQL (31)

<eol > = <carriage return> <line feed>

<carriage return> ::= //CARRI AGE RETURN (13)
<line feed> ::= /[/LINE FEED (10)

<quote> ::= ' //SINGLE QUOTE(44)

<superquote> ::= " //DOUBLE QUOTE(34)
<speci al 1>
<speci al 1>
<speci al 1>
<speci al 1>
<speci al 1>
<speci al 1>

I //EXCLAMATI ON POl NT( 33)
# |/ NUMBER SI G\( 35)

$ //DOLLAR SI G\( 36)

% / /| PERCENT SI G\( 37)

& /| AVPERSAND( 38)

( //LEFT PARENTHESI S( 40)
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11.6.34 <special 1> ) // Rl GHT PARENTHESI S(41)
11.6.35 <special 1> * || ASTERI SK(42)

11.6.36 <special 1> + [/ PLUS SI GN\(43)

11. 6. 37 <special 1> , |1 COMVA(44)

11.6.38 <special 1> - [/ M NUS SI G\(45)
11.6.39 <special 1> . [/ PERI OD( 46)

11.6.40 <special 1> [ 1] SLASH( 47)

11.6.41 <special 1> /1 COLON( 58)

11.6.42 <speci al 1> / | SEM COLON( 59)

6 =

6. =

6. =

6. =

6. =

6. =

6. =

6. =

6. =
11.6.43 <special 1> = < //LEFT ANGLE BRACKET( 60)
11.6.44 <special 1> = = //EQUAL SI G\(61)
11.6.45 <special 1> = > // R GHT ANGLE BRACKET( 62)
11.6.46 <special 1> = ? [/ QUESTI ON MARK( 63)
11. 6. 47 <special 1> = @//AT-SI G\(64)
11.6.48 <special 1> = [ //LEFT SQUARE BRACKET(91)
11.6.49 <special 1> = |/ BACK SLASH(92)
11.6.50 <special 1> = ] // R GHT SQUARE BRACKET(93)
11.6.51 <special 1> = " [/ C RCUMFLEX(94)
11.6.52 <special 1> = _ [/ UNDERBAR( 95)
11.6.53 <special 1> = * |/ ACCENT GRAVE(96)
11.6.54 <special 1> = { //LEFT BRACE(123)
11.6.55 <special 1> = | //VERTI CAL BAR(124)
11.6.56 <special 1> = } // R GHT BRACE(125)
11. 6. 57 <speci al 1> = ~ [/ TILDE(126)

<EOCF>

[ This RFC was put into machine readable formfor entry ]
[ into the online RFC archives by Walter Benton 12/98 ]
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