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NVational Software Works Develooment

PREFACE

The joal of the NSW Program is to create a framework for sharing
computer resources oased on a coamunication network and
constructed to suopert tools that aid every phase of software
develonment|[l]. Four hasic components make up the NSW system: 1a

(1) 'The NSw Frontend system that provides terminal access to
the ARPANET, a set of services creating a coherent NSw user
environment, and an environment to decrease the cost of new

tool creation. lal

(2) The works Manager that provides special services such as
autnentication, record keepving, file system ana file transfer,

and manajement aids. la2
(3) 1he protocols and conventions needed between the Fronteni
and works Manager, Frontend and tools, and Works Manajer and
tools. la3

(4) The tools (computers and software) that reside in the
NSW. 124

The intention of the NSW system is to provide the user access to
a nunber of jeneral or specialized tools, so that the commnand
Jdiscipline he uses remains constant even thoujh the particular
vocabulary changes from tool to tool as aponropriate to describe
tnat tool s rfunctions. This user interface will not only reside
on a PDP-10 but will also pe availapble on a dedicated Frontend
comouter (PDP-11) for bhetter responsiveness and less expense.

wWe anticipate tnat heaviliy used tools or commands will, in time,
actually be executed in the Frontend computer. In addition to
increased system responsiveness, this will reduce network
communication and will afford users some insulation from network
or large computer unavailability. 1b

Tne tasks undertaken by the Augmentation Kesearch Center for
this contract period were of two types: those that contributed
to the building of the NSW framework and those that provided
initial tools-~-and impiovements on those tools-~-for the NSW
environment. Tne first two chapters of this remort, "The
National Software works Frontend System' and "Protocols",
describe projress made in the first task area, the NSW
framework; tne last two chapters, "NLS" and "NLS Documentation”,
jiscuss accomplishments in the tool task area. Each chapter
provides a brief outline of the work completed in this contract

Aujmentation Research Centert paje 1
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ver‘od. More detailed discussions may e found by consulting
the "“References". lc

Aujmentation Research Center
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I THE NATIONAL SOFTWARE WORKS FKCNTEND SYSTEM
Introduccion 2a

Tne Frontend provides the logical or conceptual function of
interfacinjy a user to the NSW (Works Manager and tools). The
initial Frontend consists of a PDP-11 satellite, oroviding
terminal control and command language services, and a Help
system running on a remote PDP-1f. The Frontend also runs on

a POP-10. Frontend and Works Manajer services are a logical
whole as seen by the user and constitute an NSW Executive.

The rrontend system is to provide tne following types of
services to the NSW: 23l

(1) A formal languaje, the Commani teta Languaje (CML), for
specifying NSV user interfaces. 2ala

(2) A compiler for that formal lanquaje that runs under
TENEX as a suosystem or from NLS and produces tool grammar
Jata structures. 2alo

(3) Iool 73rammars, products of the CML compiler or any other
such progranm. 2alc

(4) A command lanjuaje interpreter (CLI) that processes a
tool gjramaar in order to work with the user in specifying
syntactically correct commands to tne NSW. 2ald

(5) A user profile data bhase that is used by the CUI while
interacting witn the user. This data base allows the

Frontend to be tailored to the individual preferences of the
users. 2ale

(5) A user statistics data base. This frontend element is
currently not implemented, orimarily because the statistics
set has not reen selected yet. The purpose is to accumulate
statistics on user command usage and ercor rates. 2alf

(7) Access to a semantic Help tool which is employed by the
Prontend when the user reauests semantic level help with a
tool or a command. It is presumed that each tool, in

addition to supplying the Frontend with a jrammar, will also
supply it with the name of a Help data base whoze structure
and content, as with the grammar, are the sole

responsibility of the tool builder/supplier. 2algy

Aujmentation Research Center page 3
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The National Software works Frontend System

This chapter provides an overview of eacu of tne following
Fronternd elements: Commnand Meta Lanjuaje (CML), Command
Lanjuag2 Interpreter (CULl), coumpactor, communication

mechanisms, and the semantic Help and Userprofile facilities,
Progress made under tnis contract is Jiscussed in tne "FE-10

and rE-11 Status" section. More detailed explanations of
svecific accomplishments in the Frontend are available in
documeantation listed in References 1 through 14. Particularly
useful is Irby [2]. 2a2

The cCommand Meta Languaje 2b

I'he Command Meta Language (ZML) is 3 lanquage for describing

the command syntax of the user interface to application
programs. CML syntax relies on two cimple

concepts--alternation (dencted by / ) and succession

(indicated »y juxtaposing elements) [3, 4], For example, 23
command with oranchinj choices 1n it may 9Ye represented hy a
command wdrd, followed by several command words separated by a
/. Further interactions are specified by following elements.
CML semantics are composed of built-in functions, semantic
conventions, and parse functions. 2bl

The CML produces the full syntactic description cf a commani.
The Backend uses execution functions to perform the low-level
semantics of the command. 1In other words, the CML describes

how the command "looks" to the user, rather than what it idoes
inside the tool. 2b2

The CML program defining the user interface for a3 tool is
compiled by the CML compiler (written usinjy ARC s tree-meta
compiler system [3, 4]) to produce object code (called a
jrammar), which is interpreted by a Command Languaje

Interpreter (Cul). The Command Language Irterpreter is
cojnizant of the device dependent feedback and addressing
characteristics of the user s terminal and it manipulates the
terminal, according to the jrammar, in a way most suitable for
that device. The grammar author need not know the type of
terminal that will be used. 2b3

Extensions made to the Command Meta Language during this
contract period are discussed in detail in Irby [5]. 2b4

Augmentation Research Center page 4
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The National Software works frontend System

The Command Meta Language i“achine - tne Command Lanjuaje
Interpreter (CLI) 2C

The Frontend’'s command parsing capahility could have neen
implemented in several ways; for example, table driven
techniques or a subroutine per commani approach could have

oeen used. A pseudo-computer Jdesign was selected [2]. The

tool jrammar serves as the projram and the Command Langua3je
Interpreter executes this set of instructions. 2cl

This approach has several advantages: it is jeneral; the tool
devendent part (grammar) is relatively small; and when found
inadequate, the CLI instruction set can be exvanded. The
jenerality and flexibility of the CLI were especially

important 3esijn considerations. 2c?2

A grammar, derived from a CML nrojram and the CHL compiler, is
actually a pseudo-comouter projram that emboldies the commnani
lanjuc je discipline for a tool. The CLI embodies the
interaction discioline for all jrammars. Thus, while commands
(and operands) may de auite different from one tool to

another, the user always follows the same discioline in
specifying, aborting, acceptinj, rejecting, interrupting, and

so on. 2c3

The CLI interacts with the user to nelp him specify commands

for the system to execute. It prompts him for the tvypoe of

input reauired (if the user wants it to), shows him the
syntactic form of specific commands on recuest, indicates his
actual alternatives at any ooint in the specification of a
command on request, and can invoke a semantic help facility if
the user requests. 2c4

Tne CLI provides a terminal-independent interface to tools.
3ecause the CLI handles all terminal interaction, the tool

need .11y address itself to that interface. The CLI will
present to tne tool oile of a small number of virtual terminal
classes. Thus, once a Ln21l is developed, little attention

need he given to the type or particular characteristics of the
terminal emcloyed while using the tool. The callable Frontend
procedures are described in Irbv [H]. 2¢c5

This means that even though the creators of a tool envisioned
the user sitting at a typewriter terminal, ithe user who
nappens to be using a Jisplay terminal with a oointing device
may pe anle to interact with the tool in a two-dimansional

Aujmentation Research Center vage 5
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sense, pointing to arjyrments on his screen instead of typing
them. For tools that make nore extensive use of a disglay
terminal, the CML interoreter presents primitives for

allocating wirdows on *“he Jdisplay and allows tne tool to
manipulate displayed i-:ems and items off tne ccr. . 1In
addition, the creators »>f a disvlay-oriented tool can projram

in contingencies to nanile a typewriter terminal, and even
present different comma:ds to the typewriter user where
necessary. 2ch

Semantic Help Facility 24d

The Frontend helps the user oy providinjy command word
recojnition, noise words, oprompts, 2 "next option" list, and
Jrannar syntax. All of chece are onased on the jrammar and
contain no semantics beyond the meaning of the command names

and noise worlds. 241

If the above facilities are not sufficient because of
uncertaiaty adout a pasic concept or vocabulary word, or the
user wishes more information about the effects or use of a
command, he can type the HLLP key to enter the Help tool ([7].
The Help facility is implemented as a special tool rather than

a Frontend function. When the Help tocl is invoked, command
state information is passed to the Help tool, so it can take

the user to an initial point that descrihes the command and
field where he i3 located. 232

Once in the Helv tool, a simple set of command conventions

and tih2 orjanization of the data base allow the user to

easily reference related suhbjects, move to new subjects, or
move up to hizher-level descriptions. 2d2a

Ite hijghly structured Help data base is derived from the

jrammar syntax and text orovided by tne tool implementers that
attempts to describe in English the intended use of the

various commands and the tool as a whole. 2d3

Userprofile Facility 2e
The Userporofile facility consists of two parts, a data
structure and a tool [8]. Tojether they 3ive the user the

anility to tailor tne Frontend-user interaction to suit his
proficiency and/or preferences, 2el

Aujamentation Research Center page 6
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The first part, the profile, is a data structure loaded bhy the
Frontend when the user is authenticated bhv the iiorks Manager.

It may De uniaue to each individual ucer, Jlescribinjy to the

CML interoreter how much promptiny and feeddback the user

wants, what recojgnition scheme he wishes to use to select
command word alternatives, and many other idiosyncratic

features of the user interface. 1he second parct is the
Userprofile Tool, which allows the user to ~odify his profile
data base and conseauently the behavior of the system. 2e2

Pseudo Telnet 2f

Pseudo Telnet is a program that suoports Telnet-tyoe
interactions witn "old tools" running in the &3w. (We use the
term old tool to refer to a tool built nefore or outside of

the NSW environment that cannct fullv utilize all HEW
facilities.) This projram ena®les communication detween the
user and the tool as if the NSW did not exist. 2f1

e
ol &

The Command Langjuaje Interpreter Running on Different Machines 273 I

The CLI is written in L13, a hig. 'vel system programming
lanjuage [9, 1d]. L1¢ was origin.ily designed for the DEC
PDP-1A, but the lanjuaje is auite Jernieral. To implement the

CLI on the PDP-11, we wrote an L10 compiler for the PDP-11
(Llgll) [11, 12]. 231

we considered means otiher than writing another L1@ compiler. e
A complete discussion of the factors considered is provided
in Andrews [13]. 232 |

CLI functions were divided into operating system independent |
and dereandent parts. The independent parts exist in one set
of sources, comoiled by L16 for the PDP-1£ and bv L1011 for j
the PLP-11. 'I'he dependent narts consist of special code and
system calls in a spoecial projram for each comouter. We have
found tnis to be a very satisfactory and practical approach. 233

The Compactor 2h

The compactor accepts as input a compiled CML grammar and
outouts the 3jrammar in a much snhortened form. This is one of
several measures taken to make the most efficient use of space
in the Frontend on noth the PCP-1@ and PDP-11. 1In aidition to
raducing the size of a jrammar, the compactor separates the
jramnar into a larae section which mav e cshared amon3 many

Aujmentation Kesearch Center page 7
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The National Software Works Frontand Svstem

users and a smaller section which must 92e private to exuch

user. The ability to snare grammars is particularly impcirtant
on the PDP-11 to maximize the number »f users the system can
support. Jne additional function of the compartor is to out

the result in tihe most suitable form for a jiven target

machine (PDP-10 or PDP-11). 2hl

The compactor has oeen shown to vrovide a size reduction of

one-nalf to one-third, depending on the nature of the jrammar.

The ability to share most of a jrammar 3reatly reduces the

total scvace needed when several users access the same jramnar.
2h?2

FE~10 and FE-11 status 21

Command Languaje Interpreter--An initial version of the NSW
Command Languaje Interpreter (CLLI) was designed and written

for the PDP-19 and PLP-11 for tyvewriter-like terminals. The
first release of the CLI for the PDP-18 was made on May 15,
1975. The CLI is now able to parse all commands ftar the works
Yanajet, the NLS EJditor :ool, and some commands for other

tools including the NSW deoujjer. The ZLI communicliates with
tool processes and the works Manajer via the Distrihuted
Proaramming System (DPS) or via a shared page. Zit

Associated with the CLI is a formal language, called thz
Command #eta Languaje (CML,, and its comviler. The outout

of this compiler sevwves as the program that is inteznreted

py the CLI in the course of iateracting with the user. Zila

L1Y Compiler for the PLP-11--Since it was required that the

CLI be able to execute on either a PODP-11 or a PDP-16, a
cross-compiler L1411l was written to execute on a PDP-19 and
compile L1# laanjuagje pcograms into PDP-11 inscructions. The

CLI is writven in L10, to de compiled and run on 2ither a

PDP-10 or a PDP-11. 2i2

In the cuurse of writing the L1611 compiler, it was
necessary and dJdesirable to incorporate into the formal L1¢
lanjuage new constructs that provided for
machine-indenendent data structure Jdeclaration ang
manipulation as well as better excevntion handling
mechanisms. Signals were improved and catchphrases were
added to enhance the exception handling capabilities.
Coroutines were added in a simple but general way, to allow
proceaures to communicate in this mode as well as normal
call and returns. List data types and manioulation

Augnentation Research Center page 3
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The National Software Works Frontend System

constructs were also added, primarily to handle interhost
data exchangjes. 2i2a

Because of the differences in the PDP-10 and PDP-11, it was
necessary to add elements to the L1¢ languaje to allow a
particular L1¢ source projram to function effectivelv cn
hoth a PCP-1¢ and a PDP-11 [9, 11, 12]. For examnle, the
construct ADDRESS is an 18-bit cuantity on the PDP-18 and
16-bit quantity on the PDP-11l.

N W
[
r~no
(o}

The enhanced version of the L10 compiler has been quite
thorcughly debujjed and the L1911 compiler is currently

being optimized to produce fewer instructions of code for

the same nign level constructs. In addition, the runtine
packaje has been designed and implemented. 212c

Operating Syste. lnterface--Since the environment is auite
different for tne two machinas, we aiso developed a level of
software called the Operating System Interface (OSI). An OSI
has been written and Jdebugjed for the PDP-1@ and has bYeen
partially written for the PDP-11. The CLI has been compiled

for the PDP-11 and debuqgjing is now in projress. 213

ELF Operating Svstem--3RI was the first major user of LCLF for
support of its own work. It was necessarv tor ARC staff to
invest some time in shaking down the ELF operating system for
use in the NSWw. ELF now serves as a reliable terminal support
system for ARC and as a develooment vehicle for CLI

development. 2i4

NSW Debugjer--The NSW debugjer has been designed and partially
coded and dehugjed (14, 15]. To facilitate NLS and CLI
development activities, a special dedbugjing package was

provided that performs all its functions within a structure

very similar to that of the eventual dedbugger and thus serves

as a testned for some of the basic low level primitives and
approaches. 2i5

Stand-Alone PDP-11 Debugjing Eavironment 216
To facilitat= initial L1#11l testing and CLI debugging, a

stand-alone denuj3jing and cross-net lonading facility was
developed. Tnis is now neing mod’fied to use under Elf. 2i5a

Augmentation Research Center paje 9
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future Plans 23

Many extensions and refinements to the CLI are nossible.
Several reasonable follow-on projects are vresented here. 231

A macro facility would allow a user to define and invoke
macro-comtnands. Once defined, the user could 1nvoke a macro
anywhere in the command strean. Advanced versions would allow
narameters, which would look like cool commands but would be
expanded by tne CLI in such a way that jrammarc and tools

would not know a macro was being used. It is important that
macros be easily and auickly invoked without, for example,
running a svecial tool to invoke thex. 232

he macro concept creates a storaje pronlem for the POP-11
Frontend system. Very small macros could be stored in local
memory, out to be really useful the csystem should iavnlve

disk storage, or possibly some other form of readily
accessible storage. 2j2a

A "meta tool" facility would allow tne user to perform tasks
that were actually seauences of operations involvinj sceveral
tools. The "meta tool" wouldi look like a sinql=s tool to the
user. In fact, it woulld consist of a jrammar that called upon
several tools in succession, or perhaps at once in some cases.
The grammar could contain very high-level and specialized
comnands. For example, the user might edit, compile, execute
and view results with one command. The meta-commands might
invoke restricted sets of comnands from tools the user Jdid not
normally have access to. This feature would not necessarily
involve changes to the tool Backends. 233

Another useful feature might be tool interaction. 7This would

be accomplished by a CLI mechanism(s) that allowed tool
interaction that was definitely not projected by the tool
implementers. This would allow the user, for example, to run
two tools with 2 split screen and to specify source entities
fron one tool (e.3., TECO lines) as input to a command in the
other tool (e.3J., NLS statement). 234

A terminal-linking feature is an important addition. It

should pe possible to link display terminals as well as a
display and a typewriter terminal in one of several ways:

watch, duplex link, collaborate, and advise. 235

Augmentation Research Center page 10
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A more advanced Help facility could be devised to present
information to the user, based on command error/usage
statistics. It mijght be possible to make recommendationg to

the user about changing his profile, on the basis of those
statistics. Interface to the BBN Scholar services should also
be exclored. 236

It is clear that the Frontend can play a key role in recovery
after a system crash affectina one or more N3W comeonents.

This is a complicated problem. Here are a few examples of
possible recovery actions: 237

(1) If a Tool 3earing Host {Ta3il) running a user s tool
crashes, but his Frontend is still intact, it can starct that
tool again, verhaps on another host. It may not be possivle
to get the user to exactly the same state as at the time of
the crash; tne extent to which that can de done depends on

the tool. It will usually be unreasonable to try to

reproduce everythinj the user did up to that ouint. 2972

(2) It a T30 running the Works Manager (WHM) crashes, the
Frontend may be ahle to continue without the WM for a while,
or it may have to reissue a call on the WM. 1in either case,
the user s state should not be affected. 2j7b

(3) If the Frontend computer crashes there are several
problems. The newly started Frontend must find out whether
there were interrupted NSW users, and the lojical place for
that information is the Works Manager data base. 1f there
were such users, it cannot be assumed that a user is still
waiting faithfully at the same terminal. The user must ask
to be reinstated as an active NSW user. The Frontend should
find out from the WM what tool(s) he wac using, load the
aporopriate jrammars, and establish communication with tne
approvoriate tool processes. 7The user will most probably be
in a state as if he had aborted a command. 2j7c

(4) vost of these capabilities depend on aporopriate

information being accessivle from tne WM, such as user

information and active tool . 1formation. It would also be

helpful for the tool to give the WM enough information so

that the tool could reconstruct its state at a later time.

2374

An obviously desirable goal is to make the CLI faster and more
efficient and snable it to service more users on a PDP-11

Aujmentation Research Center paje 11
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Frontend. However, it is difficult to say what can be done
here until studies of a running system are made. 238

Augmentation Research Center vaje 12
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II PROTOCOLS
Introduction 3a

The Distributed Programming System (DPS), as designed for use

in the National Software works, is an environmant for programs
that utilize multiple computers. A program may call on
functions or procedures in several computers as easily as it
calls on procedures in one computer. A more detailed
explanation of the concepts and motivation for the Distributed
Projramming System is given in white [16]. 3al

Past Protocol Design Approaches 3b

Several applications protocols have been designed and
implemented since th: Host-Host Protocol was adopted. Most
have been hootstrapprd from lower-level protocols. For
example, the File Transfer Protocol (FTP) was built upon
Telnet, and the Remote Joo Entry Protocol (RJE) upon both
Telnet and FTP. The hijhest-level protocol shared by 2lli such
bootstrapped protocols is Telnet. Althoujh the bootstrapping
orinciple seems a sound basis for Wetwork protocol
development, we believe that Telnet, providing little more of
use than a character set, is not the most appropriate
foundation for many applications protocols. 3bl

Bootstrapping at a Higher Level 3¢

We contend that a Procedure Call Protocol (PCP)--a
Network-standard mechanism for invoking arbitrarily named,
argusent-driven, and result-oroducing procedures in a remote
process—--is an appropriate and powerful foundation for many
applications protocols. We helieve that the adoption by the
Network community of a PCP as the basis for most applications
protocols would have at least the following effects: 3cl

(1) Expedite the specification of applications orotocols by
permitting their Jdocumentation to have a functional, rather
than a syncactic orientation. 3cla

(2) Largely eliminate the need for separate,
application-spvecific user processes. 3clb

(3) Reduce the cost of making large, existing software

systems available as Network servers Oy allowing a Network

interface more compatible with their internal organization.
3clc

Aujmentation kesearch Center page 13
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Protocols

(4) Provide the basis for a more natural interface between
local and remote procedures. 3cld

(5) Encourage, therefore, the sharinjy of software, oy making
procedures on remote hosts as accessible to the programmer
as local ones. Inle

Procedure Call Protocol and Multiprocess Systems 34

The Procedure Call Protocol (PCP) is an interprocess and/or
interhost protocol that rermits a collection of processes

within one or more ARPANET hosts to communicate at the

procedure call level. In effect, it makes the comvonent
procedures of remote software systems as accessible to the
orogranmer as those within his own system. PCP dJefines the
distriouted rrogramning system and the interprocess exchanijes
that implement it. 341

At the nijhest level, PCP is the specification of a virtual
programming environment in which remote procedures are
assumed to operate. The model specifies the manner in which
renote p.ocedures jain and relinauish control, the kinds of
data st.uctures with which they can be expected to deal, and
so forth. One of the tasks of the PCP implementer,
therefore, is to orovide a mapping between his real
programning environment and the virtual one defined by PCP.
3dla
At a slightly lower level, PCP is the specification of the
interchanjes between two connected processes that implement
the virtual progqramming enviroament, 3dlo

PCP is intended to be suitable for interlinkinjg two
processes within a single host, as well as processes on
Jifferent hosts. 3dlc

A multiprocess system whose construction PCP makes nractical,
and of which the NSW is an example, consists of collections of
"procedures”" and "data stores”" called "packages”, in
"processes”, interconnected in a tree structure by "channels".
Procedures witnin a orocess have free access to the procedures
(and data stores) of each process adjacent to it in the tree
structure, and may call upon them as if they were local
suoroutines. Superimposed upon the tree structure is a more
Jeneral set of interconnections that give nonadjacent
processes in tne tree the same kind of access to one another.
3d2
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A multiprocess system is implemented by: 343

(1) Low-level protocols which provide the basic,
interprocess communication (IPC) facilities and data
structure format specifications. 3d3a

(2) A PCP proper; which defines the rrocedure call and
return mechanism and specifies the interprocess control
exchanges required. 3dlo

(3) A set of system procedures which, implemented within

each process, provides mechanisms by which user procedures

can call remote procedures, manipulate remote Jata stores,

and 1nterconnect processes. 3d3c

(4) User packages in each process. 3434

The Procedu.e Call Protocol can be viewed as a set of system
primitives provided by the collection of computer operaiing
systems cooperatinj in the multiorocess system. 3d4

Apolication Packaqges 3e

Besides a mechanism for calling procedures, a programmer needs
the capability to 3roup related vrocedures together and to
institute the execution of jroups of procedures as processes.
Such groupings of related procedures are called packages. Tte
packaje is the unit of information that we allow to be access
vrotected. We expect that normally there will be one packaje
to a process, thoujgh tnis is not a requirement. Any process
may consist nf several packaqges, and the selection of packajes
may change dynanically. We expect that packages will be
defined and implemented to group functionally related
capabilities; for example, we have specified a file packaje. 3el

We envision that tne procedures dJeveloped tor one application
will he used in others. Eventually there could be PCP
callaole libraries of procedures. In fact, we believe that
such "procedure packages" as UCLA's BMPs, or I3M s Scientific
Subroutine Package should be PCP-callable orocedures. Je2

Accomplisnments 3f
We have desiqgned, specified, and implemented a PCP and the

begininy of a multiprocess system called the Distributed
Programming System (DPS). This implementation is documented
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for applications programmers in White {17], and the
specification 0of the interface to other DPS implementations is
given in White [18]. The implementation is in the programming
languaje L10. An index to the program procedures is provided

in white [19]). The source code itself is in White [20]. 3f1

we have designed and specified several application packages:

an Executive Package (21], a Batch Job Package [22], a

Low-Level Debug Package [23]), and a File Package [24]. This
file Package received extensive attention ani revision as the
NSW developed [25]. We also desijyned and documented a model

for remote job entry in NSW [25]. 3f2

Most of the documents describing the version 2.3 of the PCP
and application packajes and protocols are collected in two
velumnes: Postel, Watson, and white [27] and Postel and Wwhite
[28]. 1In addition there are three gJjeneral papers that discuss

the Bistributed Programming System (14, 29, 30]. 3f3
Aujmentation Research Center page 16
- = O e —=




Sh1I-ARC 1 3&P 76 2:51PM 22341

National 3oftware wWorks Develooment

IIT NLs
Introduction 43

Enhancement of NLS as a flexipble and efficient tnol integrated
into the NSW environment was one of the four major tasks
undertaken by tne Aujumentation Research Center. The

conversion from NLS-7 to NLS-8 improved the user interface and
accomplished the first step toward the Frontend/Backend split
(NLS-97) that would make NLS a fully intejrated liSw tool.

NLS-9 design was completed and NLS5-8 grammar converted to work
with the new CML/CLI. 1In addition, new features were added to
NLS and a test version, NLS-8.5, was brought un. A more
complete discussion of these accomplishments follows. 4al

NLS-7 to NLS-8 Conversion 4b

NLS went through a major design changz duringy the previous
contract period. The 7yoals of tne NL53-% design were to make

the user interface simpler, more flexiole, consistent

throujhout the system, and easier to use. In addition, the

use of the Command Meta Lanjuaje (CML) for the user interface
nodule allowed experiments with different command lanjuaje
structures and feedback and simplified »uilding subsvstems,
finally tne design anticiovated moviny tne "frontend" functions
to a minicomputer. 4bl

This conversion of NLS-7 to HLS-8 was completed. It involved
coding the user interface portions of NLS in the new CML.

NLS-8 was brought up as the running system first at AKC, then,
in Niovember 1974, at Office-1. All NLS subsystems (the Ident
system, Sendmail, Journal delivery, the Calculator, and
Programs), as well as all Class 1 user programs, were also
converted. 4h2

Several docuinents were written as aids to users to familiarize
them with the new system [31, 32], and special training
sessions were Jiven to make the transition easier. 403

An on-line Help system was implemented and the Help data base
was completed (7, 33]. The syntax command was written to

allow tne user to display the syntax of any NLS command. This
command was extended to produce a file containing the syntax

of all comnands which can then be used to update the Help data
base or to produce a listing, such as the "NLS-% Command
Summary" [34]. 4b4
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NLS-9 4c

L5-9 was designed to take advantaje of the full set of
capahilities presented by the NSW environment: Frontend,
protocols, and works Manager. This was done to provide a test
bed for Waw concepts for tools swvecifically developed or
modified for the N3W environment and to provide the economies
and responsiveness offiered by the HSw frontend. 4c1

A study of the Cncapsulator capabilities and restrictions
indicated that installing NLS-92 under the Encapsulator would
jive unsatisfactory nerformance [25]. 4c?

rhe desiyn for splitting NL3S code into separate Fronteni ani
3ackend compoinents was completed. An extensive and ldetaileid
docunent was written descri®ing all Backend routines callable

by the Frontend [35]. This document was intended as a

teference work for anyone wishing to interface another NE&W

tool Jdirectly to the JLS Backend as well as a working document
for convertinyj tne uLS code. (References to ISI are in the
document necause ISI was considering using the NLS Backend
code.) 4c3

The NLS-3 grammar was converted to work witn the new CML/CLI.
The 3ackend routines [,r the editor and projrams systems were
rewritten as needed to compile with the new L1211 compiler

(11, 12]. (A more detailed list may e found in Martin [36].)

A first version of WLS-9 was constructed with the qrammar
(Frontend) and Backend running in separate forks and
cominuniczating 2y means of a snared vage. This version allowed
us to bajin detbugjing the new jrammar and Bz2ckend routines. 4c4

An interface module (the "widdle end") was written to allow
frontend/3ackend communication through DPS [37, 33]. Version

2 of NMLS-9 was oroujyht up using VPSS, and this version was then
used for continued denuijiny. This version was consistent

with the Procedure call protocol (PCP) provided by DPS and
allowed (during the follow-on contract period) transition to
4SG, the replacement protocol for DPS, without chanjing tt -
actual NLS h~ckend routines, although the interface module had
to be rewritten. 4¢c5

Design of the NLS interaction with the Wworks Manajer file
system was performed as completely as possible (given
available works Manager documentation); and coding was
started. towever, no debugjing was possible because the Wocks
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Manajer file primitives were not yet availaole. The
definition of the WM primitives continued in a state of flux
[39]. 4c6
New Features and WNLS-3.5 43

The NSW contract specified a number of new features for the
version of NLS (NLS-9) to be installed in the NSW. We decided
to develop these enhancements in a new version of NLS-8, NLS
8.5, for two rcasons. First, we needed a stabhle environment

to test and Jebuj. Second, we wanted tinal testinj to be -done

5y actual users working on real nrojects. #ew features were
ajdded to nNLS-3.5 in the areas described odelow: 441

COBOL--Ia AKC s orijinal statement of work major emoiuasic was
jiven to addinjy features to NLS that would directly benefit
CO30L programming (42, 41]. Subhseauent conversations witn

Col. mcGovern, Jata Services cCanter corsonncl, and HN3w

Steeriny cowmnittee members indicated that document oproduction
tools were of much jreater initial interest. 442

Consequently, a minimal system was Jesiqgned that allows a
programner to write a COBOL program in NLS, onrocess the WNLS
file performing certain edits and extensions, and, finally,

to create a Tenex seguential file in proper COBOL format.

This file is suitaole for submission to the Works Manajer s
Remote job entry tool. The major effort was directed toward
document production tools. 4dza

NLS File System--NLS’'s structured file system was gjeneralized

to include two new concepts, the property list and the

inferior tree [42]. ©Properties are typed data blocks that are
chained to the nodes within an NLS file. The familiar NLS
statement has a property of type text. 1In addition to the

text property, a property was added to allow the storage of

line drawings within a file. This concept can be extended to
include such properties as editorial comments, Jijitized

speech strinygs, and heading entries. 433

WLS Graphics--The capability for the crzation and manipulation
of line drawinjys was added to NLS. The lineprocessor was
modified to service a standard storaje tube graphic disolay.
Using the mouse and keyset, the Jraphics user can create and
edit drawings, which may themselves contain text, and store
tne drawings within an NLS file. A library of standard flow
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chart symbols was made to aid programmers. A draft of the
Graphics commands is provided [43]. 444

A virtual COM representation for drawings was desiyned and the
output processor was modified to create COM files containinjy
mixed text and jraphics. 445

Second COM Device--with Georje Lithojraph Co., software was
developed for the Singer 5000 CCM machine to process virtual

COM files., Character tahles were incorporated into the output
processor to accommodate the Singer fonts. 434

COM Proofs--A user subsystem was written to allow a virtual

COM file to be displaved on the TEKTRONIX 4014, The file can
then be proofrcad for lesired vage layout befors sending the
file to a COM vendor. 437

Multifile Help System--The NLS Help system was redesigned and
coded to work across multiple file data bases, and to serve as
the NSW Help system for any tool that provides the necessary
data base. New tool data bases were added (e.3j. Calculator),
and revisions on the existing Jdata base were started. 448

File Conversion Software--Software was written to convert I3M
EBCDIC files to ASCII Tenex files on a PDP-10 and to convert

the Tenex files to structured NLS files. This allowed us to
oegin a pilot project on a rewrite of a very larje Air Force
manual (AFM 55-1) that had been entered on MTST taoe

cartridges. 449

Formatting Systems--A subsvstem was written to automatically
format NLS files according to Air Force specifications

(provided by the Data Services Center). The system inserts
Qutput Processor directives in the file to produce a nrop=rly
formatted docuinent both on the line printer and for COM. 4410

Tabs--A second mode of handling tabs was implemented. The new

mode replaces tabs typed by the user with the appropriate

number of spaces in the file. It allows a user to specify

right, left, or centered ijustification of text to a tab stop.
4411

Table Manipulation--A user system was written to augment the

maniopulation of tabular material. The system allows the user

to do such things as transvose columns and easily adjust the

spacing hetween columns. 4412
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Automatic Editing--Working witnh the Pentagon Data Services
Center personnel, we identified a number of commonly made

errors in enterinj text. We then wrote a subsystem to find

and correct these errors. They include such things as

incorrect number of spaces followinj punctuatiun marks,
incorrect number of spaces at the heginning of sentences, and
chanjying the case of certain words. 4413

Table of Contents--The Air Force formatting system was
extended to generate a tanle of contents for a multifile
document in the svecified Air Force format. 4414

Pilot Project---A very large Air Force manual, AFM 66-1, was
chosen by the Data Services Center personnel tc be used as a
test case for using NLS for document production. The text of
the 12 volumes was entered on MTST cartridges, read into Tenex
sequential files, and converted to structured NLS files. As

the new features listed above became ready for testing they

were used by SKI staff members to produce the first three
volunes of the manual. This use in a production environment
sujjested modifications and extensions, which were made. 4415
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IV NLS DOCUMENTATION FOR THE NSW

Online ang hardcopy documentation of NLS are both produced for

the NSW. oUnline documentation takes the form of the Help data
bases. Hardcopy ranges from a short pamphlet "TNLS-8 Quick
Reference" to the loose-leaf bound "Secretarial Functions

Guide", 5a

The NLS-8 Help data base was divided into a multifile data base

to better organize the jrowing amount of information about NLS
{14]. Th2 Help directory now contains tne "NLS" file, covering
concepts and terminology common to all NLS subsystems and
projrams, and separate files for each subsystem. A

“Publications" file was also created to act as an index for
several subsystem files for yse in publications work. New
subsystem data bases were added (e.g., Calculator data base) and
revisions on the existing NLS data base and individual subsystenm
data bases were begun. 5b

The NLS-3 Glossary was produced in hardcops form from the Help
data pase [45]. This is a complete source of information
pertaining to the use of NLS. Terms peculiar to NLS, or more
Jeneral computer terminology that may be unfamiliar to new users
without computer backgrounds, are listeq in alphabetical order
with explanations and extensive cross-referencing. 5¢

The Secretarial Functions Guide, a self-instructional aid to
performing secretarial functions using NLS tools, was completed
[46]. The Guide was printed in hardcopy form and bound in a
loose-leaf notebook to allow each user to include only the
documents apnlicahle to his needs, and to allow future aiditions
and upiates to be incorovorated easily. 1t introduces the user
to NLS and explains how to perform such tasks as writing and
sending memos, creating and revising drafts of reports, and
writing andg formattiing letters. Most of the Jocuments are

cal ied Sample Sessions, which contain a orief introduction, an
instructional section that takes the user step 2y step through
the specific commands necessary to perform a task, and a summary
0f all of the commands taught in that session. 5d

Other documents include: S5e

Preface to NLS Tools--An ir.croduction to basic NLS concepts
and commands [46]. S5el
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NLS-8 Command Sumiiary--A complete listing of all NLS-8
commands and their syntax, classified by subsystem [34]. S5e2

TNLS-8 Quick Reference--A very brief summary of the most
trequently used WLS commands, conventions, and special
characters for use at the terminal [47]. 5e3

Introduction to NLS Documentation--A discursive introduction
outlining NLS capabilities for document production [45]. 5e4

Format Library--A guide to the various formats available
through the Format subsystem [48]. S5e5
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