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wuc loading bug 

Your new version of WUC get two UNDEFINED GLO&ALS when starting up 
NLS, (Apparently xprograms, wuc has been INCLUDED in my useroptions,) 
This is very confusing to the NLS user. 
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This is the second draft of the DPS paper we plan to submit for 
publication in one of the technical journals, My thanks to RWW, RLL, 
BE:v, JAKE, and JBP who read through the first draft (26513,) and 
offered suggestions. The paper has been considerably reorganized, 
with the body of the paper shortened to make the key arguments more 
forceful (we hope), and secondary material relegated to appendices, 
Again, I would greatly appreciate the suggestions/corrections of 
anyone within ARC willing to offer them. Comments received by WED 
29-QCT will be incorporated into the final version, An 
Output-processed version of the paper already exists as the file 
DPSPAPER.PRT in directory <WH1TE> at IS1C and OFFICE-i, and in 
directory <JWHITE> at RBNB: copying this file to <ARCPRINTER> will 
get you formatted hardcopy that you can mark up. The figures alluded 
to in the paper do not yet exist: use your imagination, 
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*** SECOND DRAFT *** 1 

THE PAPER 2 

Resource Sharing* the ARPA Network's Goal 2a 

A major goal of the now international, packet-switched 
computer network (the ARPA Network) constructed by the Advanced 
Research Projects Agency is to usefully interconnect 
geographically distributed hardware, software, and people 
resources (13 • Achieving this goal requires the design and 
implementation of various levels of support software within 
each "host" computer. This paper outlines an alternative to 
the approach that builders of such software have been taking 
since work in this area began in 1970, and suggests a strategy 
for modeling distributed systems within any large computer 
network, 2al 

Function-Oriented Protocols, a Means to the End 2b 

The current ARPA Network software approach to facilitating 
resource sharing has been detailed elsewhere in the literature 
(2, 3, 4j, Briefly, it consists of defining first a Host-Host 
protocol by which host operating systems cooperate to support a 
network-wide inter-process communication service (NIS), and 
then various function-oriented protocols (FOPS) by which 
resident "server processes" deliver specific services to "user 
processes" via NIS, 2bl 

The current Host-Host Protocol has been in service since 
1970 at* now* more than 75 host installations, Since its 
initial design and implementation, a variety of deficiencies 
have been recognized, and several alternative protocols 
suggested (5, 6], Although the author recognizes the existence 
of such deficiencies and that their removal would enhance 
Network resource sharing, they are not the subject of the 
present paper* which assumes the existence of some form of Nis 
but focuses attention upon higher-level* FOP design issues, 2b2 

Experience With and Limitations of Hands-On Resource Sharing 2c 

The oldest and still by far the most heavily used FOP is the 
Telecommunications Network protocol (TELNET) (73* which 
effectively attaches a user's terminal on one host to an 
interactive time-sharing system on another* and allows him to 
interact with that system as if he were one of its local users, 2cl 

- 2 -
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As depicted in Figure 1, TELNET specifies the means by which 
a user process monitoring the user's terminal and a server 
process with access to the target time-sharing system are 
interconnected via an NiS communication "channel". It also 
legislates a standard character set in which the user's 
commands and the system's responses are to be represented in 
transmission between hosts. The syntax and semantics of these 
interchanges, on the other hand, vary from one host to another, 
and are unregulated by the protocol; user and server Processes 
simply shuttle characters between the human user and the target 
system, 2c2 

Although the "hands-on" use of remote resources that TELNET 
makes possible is a natural and highly visible form of resource 
sharing, it has several limitations that severely limit its 
long-term utility: 2c3 

1) it forces upon the user all of the trappings of the host 
system that happens to contain the target resource, 

To apply a resource to the solution of his particular 
problem, the user must exchange the familiar working 
environment provided by his local system for an alien one 
with its own peculiar command language discipline and 
system structure. Hands-on resource sharing thus fails 
to provide the user with the kind of organized and 
consistent workshop he requires to work effectively [8], 

2) it provides no basis for foootstrapplnq new composite 
resources from existing ones, 

Because the network access discipline imposed by each 
resource is its own human-engineered command language, 
rather than a machine-oriented communication protocol, it 
is virtually impossible for one resource to 
prcgramatically draw upon the services of others, 
Hands-on resource sharing thus encourages an environment 
in which existing resources cannot be used as building 
blocks to construct new, more powerful ones, 

«• 3 
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These 1 imitattons, inherent in hands-on resource sharing, 
are removed by a protocol that simplifies and standardizes the 
dialog between user and server. Given such a protocol, the 
various remote resources upon which a user might wish to draw 
can indeed by made to appear as a single, coherent workshop by 
interposing between him and them a command language interpreter 
that transforms commands into the appropriate protocol 
utterances [9], The construction of composite resources also 
becomes feasible, since the network interface to each resource 
is sufficiently simple that the user's command formulation 
expertise is no longer required and a program can be 
substituted for him, 2c 4 

Standardizing the Dialog in Specific Application Areas 2d 

After the TELNET protocol had been designed and widely 
implemented within the ARPA Network, work began on a family of 
FOPs that each seek to facilitate "program^controlled resource 
sharing" by standardizing dialog in a particular application 
area, While TELNET dictates only the manner in which user and 
server are interconnected via MIS and the character set in 
which the two processes communicate once connected, each of 
these FOPS specifies in addition the syntax and semantics of 
the "commands" and command "responses" that comprise their 
dialog, 2d 1 

Protocols within this family necessarily differ in 
substance; eacn contains its own application-specific command 
set. Thus, the File Transfer Protocol (FTP) [10] specifies 
commands tor manipulating files, while the Remote Job Entry 
Protocol (RJE) til] defines commands for manipulating batch 
jobs. Protocols throughout the family are, however, similar In 
form, each successive family member having Inherited the 
physical features of its predecessors. Thus FTP and RJE 
enforce the same conventions for formulating commands and 
responses, 2d2 

This common "command/response discipline" (CRD) requires 
that commands and responses have the following respective 
formats: 2d3 

name <£>P> parameter <CRLF> 
number <SP> text <CRLF> 

m 4 
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Each command invoked by the user process is identified by NAME 
and allowed a single PARAMETER, Each response generated by the 
server process contains a three-digit decimal response NUMBER 
(to be interpreted by the user process) and explanatary TEXT 
(for presentation to a human user), Response numbers are 
assigned in such a way that* for example, positive and negative 
acknowledgments can be easily distinguished by the user 
process, 

FTP contains? among others? the following commands (each 
listed with one of its possible responses) for retrieving? 
appending to, replacing, and deleting files within the server's 
file system, respect i vely; 

RETP <SP> filename <CRLF> 250 <SP> Beginning transfer 
<CRLF> 
APPE <SP> filename <CRLF> 400 <SP> Not implemented. 
<CRLF> 
STOP <SP> filename <CRLF> 453 <SP> Directory overflow 
<CRLF> 
DELE <SP> filename <CRLF> 450 <SP> File not found, 
<CRLF> 

2d4 

2d5 

The first three commands serve to initiate the transfer of a 
file from one host to another; the transfer itself occurs on a 
separate NIS channel and is governed by what amounts to a 
separate protocol. 2d6 

Mult 1-parameter operations must be implemented as sequences 
of single-parameter commands, Thus two commands are required 
to rename a file; 2d7 

RNpR <SP> oldname kCRLF* 200 <SP> Next parameter 
<CRLF> 
RNTO <SP> newname <CRLF> 253 <SP> File renamed, 
<CRLF> 

Factoring Out the Common command/Response Discipline 2e 

That FTP? RJE? and the other FOPs within this protocol 
family share a single CRD is a fact not formally recognized 
within the protocol literature? and each new protocol document 
describes it in detail, as if for the first time, Nowhere is 
the CRD codified in isolation from the various contexts in 
which it finds use, being viewed as a necessary but relatively 
unimportant facet of each FOP, The CRD has thus gone 
unrecognized as the important, application-independent protocol 
that it is. 2e 1 

-5 -
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This oversight has had two important negative effects upon 
the growth of resource sharing within the ARPA network, First, 
it has allowed the CRD to remain crude, As already noted, 
operations that require more than a single parameter are 
consistently implemented as two or more separate commands, each 
Of which requires a response and thus incurs the overhead of a 
full round-trip network delay, Furthermore, there are no 
standards for encodinq types of parameters other than character 
strings. Neither is there provision for returning results in a 
command response. Had the designers of the first FOP 
anticipated that it would become the prototype for a whole 
family of protocols, they would have designed a more flexible 
and efficient CRD, 2e2 

The second effect of the oversight was to place upon the 
applications programmer the burden of implementing the CRD 
module, i,e, the code that formats outgoing commands, 
understands the details of Nis, and parses incoming responses. 
Rather than enabled to address remote processes at. the level: 2e3 

"Invoke function DELE with, argument TEXTFILE at host X" 

the applications programmer is given only NIS as a foundation 
upon which to build, and required to construct the higher-level 
CRD software himself, which he invariably does, in every 
program he writes. The applications programmer is thus 
deterred from using remote resources by the amount of 
specialized knowledge and software that must first be acquired 
and built, respectively, 2e4 

Jf, on the other hand, the CRD were formalized as a separate 
protocol, its use in subsequent FQPs could rightly be 
anticipated by the systems programmer, and a single cRD module 
constructed for use throughout a host installation (in the 
worst case, one implementation per programming language per 
host might be required), This module could then be placed in a 
library.and link loaded (for example) into each new 
applications program, thereby greatly simplifying the use of 
remote resources, 2e5 

- b -
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A s  t h e  I m p o r t a n c e  o f  t h i s  m o d u l e  b e c a m e  e v i d e n t ,  a d d i t i o n a l  
t a s k s  w o u l d  g r a d u a l l y  b e  a s s i g n e d  t o  i t ,  i n c l u d i n g ,  f o r  
e x a m p l e ,  t h o s e  o f  a u t o m a t i c a l l y  s u b s t i t u t i n g  f o r  N I S  a  m o r e  
e f f i c i e n t ,  i n t r a - h o s t  f o r m  o f  i n t e r - p r o c e s s  c o m m u n i c a t i o n  
w h e n e v e r  t h e  r e m o t e  p r o c e s s  r e s i d e d  o n  t h e  l o c a l  h o s t ;  
a u t o m a t i c a l l y  c o n v e r t i n g  p a r a m e t e r s  b e t w e e n  t h e i r  i n t e r n a l  a n d  
C R D - i m p o s e d  f o r m a t s ;  a n d  h a n d l i n g  e r r o r  c o n d i t i o n s ,  T h e  m o d u l e  
w o u l d  t h u s  p r o v i d e  a n  i n c r e a s i n g l y  p o w e r f u l ,  
a p p l i c a t i o n - i n d e p e n d e n t  " n e t w o r k  r u n - t i m e  e n v i r o n m e n t "  ( N R T E ) ,  
o f f e r i n g  t h e  a p p l i c a t i o n s  p r o g r a m m e r  a  v a r i e t y  o f  n e t w o r k  
p r o g r a m m i n g  c o n v e n i e n c e s ,  2 e 6  

T h e  t h e s i s  o f  t h e  p r e s e n t  p a p e r  i s  t h a t  o n e  o f  t h e  k e y s  t o  
f a c i l i t a t i n g  n e t w o r k  r e s o u r c e  s h a r i n g  l i e s  i n  i s o l a t i n g  a s  a  
s e p a r a t e  P r o t o c o l  t h e  C R D  c o m m o n  t o  a  l a r g e  c l a s s  o f  
a p p l i c a t i o n s  p r o t o c o l s ;  d e v e l o p i n g  t h e  P r o t o c o l  t o  m a k e  i t  
f l e x i b l e  a n d  e f f i c i e n t ;  a n d  c o n s t r u c t i n g  w i t h i n  e a c h  h o s t  a  
N R T E  t h a t  b y  m e a n s  o f  t h e  P r o t o c o l  p r o v i d e s  t h e  a p p l i c a t i o n s  
p r o g r a m m e r  w i t h  e a s y  a n d  h i g h - l e v e l  a c c e s s  t o  r e m o t e  r e s o u r c e s ,  2 e 7  

W h a t  a  F l e x i b l e  c o m m a n d / R e s p o n s e  P r o t o c o l  M i g h t  B e  L i k e  2 f  

H a v i n g  a r g u e d  t h e  v a l u e  o f  a  C R D  p r o t o c o l  a s  t h e  f r a m e w o r k  
f o r  a  l a r g e  c l a s s  o f  a p p l i c a t i o n s  p r o t o c o l s ,  a n d  o f  a  N R T E  
m o d u l e  a s  a  h i g h - l e v e l  i n t e r f a c e  t o  r e m o t e  p r o c e s s e s ,  t h e r e  
r e m a i n s  t h e  t a s k  o f  s u g g e s t i n g  t h e  f o r m  t h a t  e a c h  o f  t h e s e  
e n t i t i e s  m i g h t  t a k e ,  2 f l  

T h e  C R D  p r o t o c o l  m u s t  p o s s e s s  a  n u m b e r  o f  c h a r a c t e r i s t i c s ,  
t h e  f i r s t  o f  w h i c h  a r e  t h o s e  o f  t h e  d i s c i p l i n e  t h a t  i t  
r e p l a c e s .  T h e  P r o t o c o l  m u s t  t h e r e f o r e ;  2 f 2  

1 )  p e r m i t  i n v o c a t i o n  o f  a r b i t r a r y ,  n a m e d  c o m m a n d s  
i m p l e m e n t e d  b y  t h e  r e m o t e  p r o c e s s ,  a n d  

2 )  p e r m i t  c o m m a n d  o u t c o m e s  t o  b e  r e p o r t e d  i n  a  w a y  t h a t  a i d s  
b o t h  t h e  p r o g r a m  i n v o k i n g  t h e  c o m m m a n d  a n d  t h e  h u m a n  u s e r  
u n d e r  w h o s e  c o n t r o l  i t  e x e c u t e s ,  

S e c o n d ,  t h e  P r o t o c o l  s h o u l d  r e m o v e  t h e  k n o w n  d e f i c i e n c i e s  o f  
i t s  p r e d e c e s s o r ,  t h a t  i s :  2 f 3  

3 )  a l l o w  a n  a r b i t r a r y  n u m b e r  o f  p a r a m e t e r s  t o  b e  s u p p l i e d  a s  
a r g u m e n t s  t o  a  s i n g l e  c o m m a n d ,  

4 )  p e r m i t  c o m m a n d s  t o  r e t u r n  p a r a m e t e r s  a s  r e s u l t s ,  a s  w e l l  
a s  a c c e p t  t h e m  a s  a r g u m e n t s ,  a n d  

- 7 -
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5) provide representations for a variety of parameter types, 
including but not limited to character strings. 

And finally, the Protocol should provide whatever additional 
capabilities are required to facilitate construction of the 
more complex distributed systems whose creation one seeks by 
means of the Protocol to encouraqe, Although others may later 
be identified, the two capabilities below are recognized now to 
be important: 2f4 

6) permit the server to invoke commands in the user process, 

In the workshop environment alluded to earlier, for 
example, graphical text editors (as servers) must invoke 
commands within the command language interpreter to 
manipulate the user's display, 

7) permit a process to accept two or more commands for 
concurrrent execution, 

That same text editor may wish to permit the user to 
initiate with one command a long formatting operation and 
yet continue to issue additional, shorter commands before 
the first has been responded to. 

These seven requirements are met by the following pair of 
protocol utterances or messages; 2f5 

COMMAND tid name arguments 
RESPONSE tid outcome results 

described here in purely symbolic form (Appendix C explores one 
possible encoding in detail), The first message invokes the 
command whose NAME is specified using the ARGUMENTS provided, 
The second is issued in eventual response to the first and 
returns the OUTCOME and RESULTS of the completed command, 
whenever OUTCOME indicates that a command has failed, the 
RESULTS must be an error number and diagnostic message, 2f6 

There are several elements of the Protocol that are absent 
from the existing FOP command/response discipline. The first 
is the single bit of information, COMMAND or RESPONSE, that 
distinguishes one type of message from the other, In the 
existing discipline, this distinction is implicit, since 
commands and responses only flow from user to server and server 
to user, respectively, This bit, therefore, arises from 
reguirement six above, 2£7 

*8* 
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The second new element is a "transaction identifier" (TID), 
which appears first in the command message and is later echoed 
in the response message. The TID provides the means by which a 
response is associated with the proper command, especially when 
two or more commands are executed concurrently. This new 
element thus arises from requirement seven above, 2£8 

The final new element is only implied by the message 
descriptions above, i.e. the ability to transmit an arbitrary 
number of parameters, of various types, with each command or 
response, This requirement is most economically and 
effectively met by defining a small set of primitive "data 
types" (e,g, booleans. integers, character strings) from which 
concrete parameters can be modeled, and a "transmission format" 
in which the parameters can be encoded. Defining the 
transmission format in such a way that parameters are fully 
typed enables the NRTE to decode incoming parameters on behalf 
of the applications program, as previously suggested, Appendix 
A suggests a set of data types suitable for a large class of 
applications; Appendix B defines some possible transmission 
formats, 2f9 

What the Pun*time Environment Might Be Like 2g 

Once the Protocol has been specified, the systems programmer 
can begin designing a NRTE for use by applications programmers 
at his installation. His task is to hide both conceptual and 
programming details from the applications programmer by 
providing a high-level model of the network and the appropriate 
software interface. His goal, of course, is to provide a 
run-time environment that as nearly as possible makes remote 
resources as easy to use as local ones, 2gl 

Since local resources usually take the form of resident 
and/or library subroutines or "procedures", the possibility of 
modeling remote commands as procedures immediately suggests 
itself. This approach is further strengthened by the 
similarity one notes between local procedures and the remote 
commands to which the protocol provides access. Both carry out 
arbitrarily complex named operations on behalf of the 
requesting program or caller, are governed by parameters or 
arguments provided by the caller, and return to him additional 
parameters or results reflecting the outcome of the operation, 2g2 

-9-
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Modeling commands as procedures thus acknowledges the fact 
that in a network environment# a program must sometimes call 
subroutines in machines other than its own, It also makes the 
NRTE the basis for a distributed programming system (DPS) that 
very elegantly extends the local programming environment to 
embrace processes throughout the network, it further suggests 
even the possibility of modifying compilers to provide minor 
variants of their normal procedure calling constructs for 
addressing remote procedures (and to in such cases drop out 
calls to the appropriate NRTE primitives), 2g3 

This Model of the network environment is so attractive that 
it warrants backing up a step and adopting it network*wide, 
Doing so requires but a few cosmetic changes to the Protocol: 2g4 

CALL tid procedure arguments 
RETURN tid outcome results 

and at the same time suggests a name for its the procedure 
Call Protocol (PCP), 2g5 

A variety of more substantive additions to the Protocol will 
suggest themselves as the Model is expanded and its potential 
for taming the network environment more fully exploited, A 
number of such extensions are suggested in Appendix D, 2g6 

Limitations of the DPS Analogy 2h 

Although modeling the network environment as an extension of 
th® local programming environment has great potential for 
facilitating the work of the network applications programmer# 
the DPS analogy does have limits that must be kept firmly in 
view, 2hl 

First# remote procedure calls will be much more expensive 
than local ones# and the programmer must not allow this 
difference to drift too far into his subconscious or his 
handiwork will become increasingly inefficient, Like virtual 
memory# DPS offers great convenience and therefore power in 
exchange for reasonable alertness to the possibilities of 
abuse, 2h2 

-10-
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2 6 7 3 2  

N e i t h e r  i s  t h e  a n a l o g y  I n t e n d e d  t o  i m p l y  t h a t  a  d i s t r i b u t e d  
s y s t e m  m u s t  h a v e  a  s i n g l e  l o c u s  o f  c o n t r o l ,  M a n y  d i s t r i b u t e d  
s y s t e m s  w i l l  c o n t a i n  l a r g e l y  a u t o n o m o u s  p r o c e s s e s  t h a t  o n l y  
o c c a s i o n a l l y  i n t e r a c t  w i t h  o n e  a n o t h e r ,  F u r t h e r m o r e ,  s i n c e  
e a c h  r u n s  o n  a  s e p a r a t e  p r o c e s s o r ,  a  p r o c e s s  n e e d  n o t  s u s p e n d  
i t s  o w n  e x e c u t i o n  w h e n  i t  c a l l s  a  p r o c e d u r e  i n  o n e  o f  i t s  
n e i g h b o r s ,  D P S  m e r e l y  s u g g e s t s  a  w a y  o t  m o d e l n g  i n t e r a c t i o n s  
b e t w e e n  p r o c e s s e s ?  i t  i m p o s e s  n o  p a r t i c u l a r  c o n s t r a i n t s  u p o n  
t h e i r  o t h e r  a c t i v i t i e s ,  2 h 3  

N o r  i s  t h e  a n a l o g y  m e a n t  t o  i m p l y  t h a t  p r o c e s s e s  c a n  c o e r c e  
i n t o  a c t i o n  o r  o t h e r w i s e  u n f a i r l y  m a n i p u l a t e  o n e  a n o t h e r ,  
T h e r e  i s  r e a l l y  n o  s u b s t a n t i v e  d i f f e r e n c e  b e t w e e n  t h e  p r o c e d u r e  
c a l l  a n d  c o m m a n d / r e s p o n s e  m o d e l s  i n  t h i s  r e g a r d ;  a  f i l e  
c r e a t i o n  p r o c e d u r e ,  f o r  e x a m p l e ,  w i l l  n o t  h e s i t a t e  t o  c o m p l a i n  
w h e n  d i r e c t o r y  s p a c e  h a s  b e e n  e x h a u s t e d ,  2 h 4  

F i n a l l y ,  o n e  m u s t  r e c o g n i z e  t h a t  b y  n o  m e a n s  a l l  u s e f u l  
f o r m s  o f  i n t e r p r o c e s s  c o m m u n i c a t i o n  a r e  e f f e c t i v e l y  m o d e l e d  a s  
p r o c e d u r e  c a l l s ,  T h e  e x i s t i n g  N J S  m u s t  t h e r e f o r e  r e m a i n  
d i r e c t l y  a v a i l a b l e  t o  t h e  a p p l i c a t i o n s  p r o g r a m m e r  f o r  t h o s e  
s i t u a t i o n s  i n  w h i c h  N R T E - b r o v i d e d  p r i m i t i v e s  s i m p l y  w i l l  n o t  
d o ,  2 h 5  

S u m m i n g  U p  2 1  

D e s p i t e  t h e  o p p o r t u n i t i e s  f o r  a b u s e  n o t e d  a b o v e ,  a  f u l l y  
e v o l v e d  D P S  h a s  g r e a t  p o t e n t i a l  f o r  s t i m u l a t i n g  t h e  s h a r i n g  o f  
r e s o u r c e s  w i t h i n  a  c o m p u t e r  n e t w o r k : .  F i r s t ,  i t  w o u l d  
s i g n i f i c a n t l y  r e d u c e  t h e  c o s t  o f  i n s t a l l i n g  e x i s t i n g  p r o g r a m s  
a s  n e t w o r k  r e s o u r c e s  b y  a l l o w i n g  a  n e t w o r k :  i n t e r f a c e  c o n s i s t e n t  
w i t h  t h e i r  i n t e r n a l  o r g a n i z a t i o n ;  a n d  b y  e l i m i n a t i n g  t h e  n e e d  
f o r  t h e  d e s i g n ,  d o c u m e n t a t i o n ,  a n d  i m p l e m e n t a t i o n  o f  
s p e c i a l i z e d  d e l i v e r y  p r o t o c o l s ,  s e c o n d ,  i t  w o u l d  e n c o u r a g e  t h e  
u s e  o f  r e m o t e  r e s o u r c e s  b y  e l i m i n a t i n g  t h e  n e e d  f o r  
a p p l i c a t i o n - s p e c i f i c  i n t e r f a c e  s o f t w a r e ,  t h e r e b y  m a k i n g  r e m o t e  
p r o c e d u r e s  a s  a c c e s s i b l e  t o  t h e  p r o g r a m m e r  a s  l o c a l  o n e s .  A n d  
f i n a l l y ,  i t  w o u l d  e n c o u r a g e  t h e  c o n s t r u c t i o n  o f  n e w  r e s o u r c e s  
d e s i g n e d  e x p r e s s l y  f o r  r e m o t e  a c c e s s ,  b e c a u s e  o f  t h e  e a s e  w i t h  
w h i c h  t h e y  c o u l d  b e  o f f e r e d  a n d  u s e d  w i t h i n  t h e  n e t w o r k  
s o f t w a r e  m a r k e t p l a c e ,  2 i 1  

A c k n o w l e d g m e n t s  2 j  

- 1 1 "  
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A p p e n d i x  A  - -  D P S  D a t a  T y p e s  

A P P E N D I C E S  3  

A p p e n d i x  A  * •  D P S  D a t a  T y p e s  3 a  

T h e  P r o t o c o l  r e q u i r e s  t h a t  e v e r y  p a r a m e t e r  o r  " d a t a  o b j e c t "  
b e  r e p r e s e n t e d  u s i n g  o n e  o f  s e v e r a l  p r i m i t i v e  d a t a  t y p e s  
d e f i n e d  b y  t h e  M o d e l ,  T h e  s e t  o f  d a t a  t y p e s  b e l o w  i s  
s u f f i c i e n t  t o  c o n v e n i e n t l y  m o d e l  a  l a r g e  c l a s s  o f  d a t a  o b j e c t s ,  
b u t  s i n c e  t h e  n e e d  f o r  a d d i t i o n a l  d a t a  t y p e s  w i l l  i n e v i t a b l y  
a r i s e ,  t h e  s e t  m u s t  r e m a i n  o p e n - e n d e d ,  T h r o u g h o u t  t h e  
d e s c r i p t i o n s  b e l o w ,  N  i s  c o n f i n e d  t o  t h e  r a n g e  [ 0 ,  2 * # 1 5 » 1 ] J  3 a l  

L I S T  A  l i s t  i s  a n  o r d e r e d  s e q u e n c e  o f  N  d a t a  o b j e c t s  
c a l l e d  " e l e m e n t s " ,  A  L I S T  m a y  c o n t a i n  o t h e r  L I S T s  a s  
e l e m e n t s ,  a n d  c a n  t h e r e f o r e  b e  e m p l o y e d  t o  c o n s t r u c t  
a r b i t r a r i l y  c o m p l e x  c o m p o s i t e  d a t a  o b j e c t s ,  

C H A R S T R  A  c h a r a c t e r  s t r i n g  i s  a n  o r d e r e d  s e q u e n c e  o f  N  
A S C I I  c h a r a c t e r s ,  a n d  c o n v e n i e n t l y  m o d e l s  a  v a r i e t y  o f  
t e x t u a l  e n t i t l e s ,  f r o m  s h o r t  u s e r  n a m e s  t o  w h o l e  p a r a g r a p h s  
o f  t e x t ,  

B I T S T F  A  b i t  s t r i n g  i s  a n  o r d e r e d  s e q u e n c e  o f  N  b i t s  
a n d ,  t h e r e f o r e ,  p r o v i d e s  a  m e a n s  f o r  r e p r e s e n t i n g  a r b i t r a r y  
b i n a r y  d a t a  ( e , g ,  t h e  c o n t e n t s  o f  a  w o r d  o f  m e m o r y ) ,  

I N T E G E R  A n  i n t e g e r  i s  a  f i x e d - p o i n t  n u m b e r  i n  t h e  r a n g e  
£ — 2 * * 3 1 r  2 * * 3 1 - 1 ] ,  a n d  c o n v e n i e n t l y  m o d e l s  v a r i o u s  k i n d s  o f  
n u m e r i c a l  d a t a ,  i n c l u d i n g  t i m e  i n t e r v a l s ,  d i s t a n c e s ,  e t c ,  

I N D E X  A n  i n d e x  i s  a n  i n t e g e r  i n  t h e  r a n g e  [ 1 ,  2 * * 1 5 - 1 ] ,  
A s  i t s  n a m e  a n d  v a l u e  r a n g e  s u g g e s t ,  a n  I N D E X  c a n  b e  u s e d  t o  
a d d r e s s  a  p a r t i c u l a r  b i t  o r  c h a r a c t e r  w i t h i n  a  s t r i n g ,  o r  
e l e m e n t  w i t h i n  a  l i s t ,  I N P E X e s  h a v e  o t h e r  u s e s  a s  w e l l ,  
i n c l u d i n g  t h e  m o d e l i n g  o f  h a n d l e s  o r  i d e n t i f i e r s  f o r  o p e n  
f i l e s ,  c r e a t e d  p r o c e s s e s ,  e t c ,  B e c a u s e  o f  t h e i r  r e s t r i c t e d  
r a n q e ,  i N D E X e s  a r e  m o r e  c o m p a c t  i n  t r a n s m i s s i o n  t h a n  
I N T E G E R S  ( s e e  A p p e n d i x  R ) ,  

B O O L E A N  A  b o o l e a n  r e p r e s e n t s  a  s i n g l e  b i t  o f  
i n f o r m a t i o n ,  a n d  h a s  e i t h e r  t h e  v a l u e  t r u e  o r  f a l s e ,  

E M P T Y  A n  e m p t y  i s  a  v a l u e l e s s  p l a c e  h o l d e r  w i t h i n  a  L I S T  
o r  p a r a m e t e r  l i s t ,  
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Appendix B -- PCP Transmission Formats 

Appendix B -- PCP Transmission Formats 3b 

Parameters must be encoded In a standard transmission format 
before they can be sent from one process to another via the 
Protocol, An effective strategy Is to define several formats 
and select the most appropriate one at run-time# adding a 
format negotiation mechanism to the Protocol, Format 
negotiation would be another responsibility of the NRTE and 
could thus be made completely invisible to the applications 
program, 3b i 

Suggested below are two transmission formats, The first is 
a 36-bit binary format for use between 36-bit machines# the 
second an 8-bit binary# "universal" format for use between 
dissimilar machines, 3b2 

PCPB36# For use Between 36-Bit Machines 3b3 

Bits 0-13 Unused (zero) 
Bits 14-17 Data type 

EMPTY =1 INTEGERS LIST=7 
BOOLEAN*2 BlTSTR =5 
INDEX =3 CHARSTR=6 

Bits 18-20 Unused (zero) 
Bits 21-35 Value or length N 

EMPTY unused (zero) 
BOOLEAN 14 zero-bits + 1-bit value (TRUE=1/FALSE=0) 
INDEX unsigned value 
INTEGER unused (zero) 
BITSTR unsigned bit count N 
CHARSTR unsigned character count N 
LIST unsigned element count N 

Bits 36- value 
EMPTY unused (nonexistent) 
BOOLEAN unused (nonexistent) 
INDEX unused (nonexistent) 
INTEGER two's complement full-word value 
BITSTR bit string + zero padding to word boundary 
CHARSTR ASCII string + zero padding to word boundary 
LIST element data objects 

PCPB8# For Use Between Dissimilar Machines 3b4 

Byte 0 Data type 
EMPTY =1 1NTEGFR=4 LIST*? 
BOOLEANr2 BITSTR =5 
INDEX =3 CHARSTRsb 

Bytes 1- Value 

-14-
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Appendix B -- POP Transmission Formats 

EMPTY unused (nonexistent) 
BOOLEAN 7 zero-bits + 1-bit value (TRUE=1/FALS£=Q) 
INDEX 2-byte unsigned value 
INTEGER 4-byte two's complement value 
BITSTR 2-byte unsigned bit count N + bit string 

•t zero padding to byte boundary 
CHARSTR 2-byte unsigned character count N + ASCII 
string 
LIST 2-byte element count N + element data objects 

-15-
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Appendix C -• Detailed Encoding of the procedure Call Protocol 

Appendix C -- Detailed Encoding of the Procedure Call protocol 3c 

Although the data types and transmission formats detailed in 
the previous appendices serve primarily as vehicles for 
representing the arguments and results of remote procedures# 
they can just as readily and effectively be employed to 
represent the commands and responses by which those parameters 
are transmitted, 3c 1 

Taking this approach# one might model each of the two 
Protocol messages as a DPS data object# specifically a LIST 
whose first element is an INDEX message type, The following 
concise statement of the Protocol then results: 3c2 

LIST (CALL# tid# procedure# arguments) 
INDEX 1 INDEX CHARSTR LIST 

LIST (RETURN, tid, outcome# results) 
INDEX 2 INDEX BOOLEAN LIST 

with the RESULTS of an unsuccessful procedure represented as 
follows: 3c3 

LIST (error# diagnostic) 
INDEX CHARSTR 

-16-
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Appendix D -* Possible Extensions to the Model 

Appendix D »» Possible Extensions to the Model 

Introduction 

The simple Protocol proposed in this paper in itself 
provides the basis for a major extension to the local 
programming environment! a host" and 
application-independent means of calling procedures anywhere 
within the network. But upon this foundation can be 
constructed a wide range of additional facilities that 
further enhance the distributed programming environment by 
standardlng other common forms of inter-process interaction, 
within this appendix are offered examples of the many Model 
extensions that are possible, along with the additions to 
the Protocol required to effect them. 

Since PCP's CALL and RETURN messages already provide a 
mechanism for invoking arbitrary remote procedures? the 
Model extensions suggested below will be implemented 
whenever possible as procedures, rather than as additional 
messages, thus bootstrapping new protocol functions from 
old. These special "system procedures" are called and 
implemented by NRTEs, rather than by the applications 
programs they serve. Invoked In the standard way by means 
of the CALL message, they are distinguished from 
applications procedures by an INDEX number in place of the 
usual CHARSTR procedure name (see Appendix C), 

In descriptions of the calling sequences of these system 
procedures, the notation "fx!" is shorthand for "x or 
EMPTV" , 

26732 

3d 

3d! 
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Appendix  D » -  Poss ib le  Extens ions  to  the  Model  
Extens ion  A - -  Corout ines  and  S igna l s  

E x t e n s i o n  A  « »  C o r o u t i n e s  a n d  S i g n a l s  3 d 2  

A s  d e f i n e d  b y  t h e  M o d e l s  a  p r o c e d u r e  c a l l  i s  a  v e r y  
s i m p l e #  t w o - s t a q e  d i a l o q  i n  w h i c h  t h e  c a l l e r  d e s c r i b e s  t h e  
o p e r a t i o n  i t  w i s h e s  p e r f o r m e d  a n d  t h e  c a l l e e #  a f t e r  
p e r f o r m i n g  t h e  o p e r a t i o n #  d e s c r i b e s  i t s  o u t c o m e .  A l t h o u g h  
t h i s  s i m p l e  d i a l o g  f o r m  i s  s u f f i c i e n t  t o  c o n v e n i e n t l y  
i m p l e m e n t  a  l a r g e  c l a s s  o f  d i s t r i b u t e d  s y s t e m s ,  m o r e  c o m p l e x  
f o r m s  a r e  s o m e t i m e s  r e q u i r e d .  T h e  M o d e l  c a n  r e a d i l y  b e  
e x t e n d e d  t o  a d m i t  a  v a r i e t y  o f  m o r e  p o w e r f u l  d i a l o g  f o r m s ,  
o f  w h i c h  t h e  t v » o  d e s c r i b e d  b e l o w  a r e  e x a m p l e s .  

Effec t ing  Corout ine  Linkages  

In  convent iona l  programming  sys tems ,  the  concept  o f  
"corout ines"  i s  o f ten  in troduced  to  permit  ca l l er  and  
ca l l ee  to  exchange  parameters  (and  contro l )  any  number  o f  
t imes  be fore  the  ca l l ee  re turns .  Corout ine  l in fcaqes  
prov ide  a  means ,  for  example ,  by  which  the  ca l l ee  can  
obta in  he lp  wi th  a  problem that  i t  has  encountered ,  or  
re turn  the  resu l t s  o f  one  sub-operat ion  and  obta in  the  
arguments  for  the  next ,  

Extending  the  Model  to  embrace  corout ines  requires  
adding  to  the  Protoco l  descr ibed  in  Appendix  C# a  message  
that  " trans fers  contro l"  between  ca l l er  and  ca l l ee :  

LIST (XFERCTRL,  t id ,  toca l i er? ,  parameters )  
INDEX 3  INDEX BOOLEAN LIST 

and  spec i f i e s  the  ident i f i er  TID o f  the  transact ion  ( i , e ,  
ca l l )  to  which  i t  per ta ins :  the  d irec t ion  (TOCALLER?)  o f  
the  contro l  t rans fer ,  necessary  to  ident i fy  the  name 
space  from which  the  TID was  as s igned;  and.  the  PARAMETERS 
prov ided  by  ca l l er  or  ca l l ee ,  use  o f  the  XFERCTRL 
message  i s  dep ic ted  in  F igure  2 ,  

S igna l l ing  

Somet imes  a  monolog  i s  more  appropr ia te  than  the  
d ia log  that  a  corout ine  l inkage  in i t ia tes ,  The  ca l l er  or  
ca l l ee  might  wish ,  tor  example ,  to  report  an  event  i t  has  
de tec ted ,  or  send  large  parameters  p iecemeal  to  min imize  
buf fer ing  requirements ,  In  such  cases ,  the  in i t ia t ing  
procedure  requires  no  response  from i t s  partner  and  
des ires  to  re ta in  contro l  o f  the  ca l l ,  

- 1 8 -
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Appendix D -- Possible Extensions to the Model 
Extension A -- Coroutines and signals 

The Model can oe extended to support "signals" of this 
type by adding to the Protocol the following system 
procedure, which transmits parameters between caller and 
callee while retaining control of the call: 

SGNLPROC Ctid, tocaller?, parameters) 
INDEX BOOLEAN LIST 

and which, like the XFERCTRL message described above, 
specifies the transaction identifier TID of the call to 
which it pertains, the direction (TOCALLER?) of the 
parameter transfer, and the PARAMETERS themselves. 

Implementing signals as a system procedure rather than 
a message provides a crude form of flow control that 
prevents the receiving NRTE's buffers from being overrun, 
The signalling primitive that the NRTE makes available to 
the applications program, however, should initiate the 
call to SGNLPROC but not delay the user program by 
waiting for its return, Only when it signals a second 
time (as depicted in Figure 3) or releases control of the 
call should the NRTE make certain that the previous call 
to SGNLPROC has completed before proceeding. 

- 19 -



J E W  2 2 - O C T - 7 5  1 7 : 0 0  2 6 7 3 2  
S E C O N D  D R A F T  2 3  O C T  7 5  8 : l O p M  T h e  D i s t r i b u t e d  P r o g r a m m i n g  S y s t e m  

A p p e n d i x  D  - -  P o s s i b l e  E x t e n s i o n s  t o  t h e  M o d e l  
E x t e n s i o n  B  —  C o n t r o l  T h r e a d  C o m m u n i c a t i o n  

E x t e n s i o n  B  - -  C o n t r o l  T h r e a d  C o m m u n i c a t i o n  

A s  i n  c o n v e n t i o n a l  p r o g r a m m i n g  s y s t e m s ,  r e m o t e l y - c a l l a b l e  
p r o c e d u r e s  w i t h i n  a  d i s t r i b u t e d  s y s t e m  w i l l  s o m e t i m e s  c a l l  
u p o n  o t h e r s  t o  c a r r y  o u t  p o r t i o n s  o f  t h e i r  t a s k ,  E a c h  
p r o c e d u r e  a l o n q  t h e  " t h r e a d  o f  c o n t r o l "  r e s u l t i n g  f r o m  s u c h  
n e s t e d  c a l l s  i s ,  i n  a  s e n s e ,  a c t i n g  u n d e r  t h e  a u t h o r i t y  o f  
a n d  i s  t h e r e f o r e  r e s p o n s i b l e  t o ,  n o t  j u s t  i t s  i m m e d i a t e  
c a l l e r  b u t  a l s o  t h o s e  p r o c e d u r e s  a b o v e  i t .  T o  p r o p e r l y  
d i s c h a r g e  t h i s  r e s p o n s i b i l i t y ,  a  p r o c e d u r e  m u s t  s o m e t i m e s  
c o m m u n i c a t e  w i t h  t h e s e  " s u p e r i o r "  p r o c e d u r e s ;  e , g t  t o  r e p o r t  
a n  e v e n t  t h a t  i t  h a s  d e t e c t e d  o r  c a u s e d ,  o r  t o  s o l i c i t  h e l p  
w i t h  a  p r o b l e m  t h a t  h a s  b e e n  e n c o u n t e r e d .  

T h e  M o d e l  c a n  e a s i l y  b e  e x t e n d e d  t o  a d m i t  v a r i o u s  f o r m s  
o f  c o n t r o l  t h r e a d  c o m m u n i c a t i o n .  T h e  t w o  e x a m p l e s  d e s c r i b e d  
b e l o w  a r e  a n a l o g o u s  t o  t h e  c o r o u t i n e  a n d  s i g n a l  f a c i l i t i e s  
d e s c r i b e d  i n  E x t e n s i o n  A  a b o v e  ( t h e y  s u p p o r t  d i a l o g s  a n d  
m o n o l o g s ,  r e s p e c t i v e l y ) ,  b u t  t h e s e  a d d i t i o n a l  f a c i l i t i e s  a r e  
a l w a y s  d i r e c t e d  u p  t h e  c o n t r o l  t h r e a d ,  t o  s u p e r i o r s  a s  a  
c l a s s  ( r a t h e r  t h a n  s p e c i f i c a l l y  t o  t h e  c a l l e r ) .  

S o l i c i t i n g  H e l p  w i t h  a  P r o b l e m  

O c c a s i o n a l l y  a  p r o c e d u r e  r e a c h e s  a  p o i n t  I n  i t s  
e x e c u t i o n  b e y o n d  w h i c h  i t  c a n n o t  p r o c e e d  w i t h o u t  e x t e r n a l  
a s s i s t a n c e ,  i t  m i g h t ,  f o r  e x a m p l e ,  r e q u i r e  a d d i t i o n a l  
r e s o u r c e s ,  o r  f u r t h e r  d i r e c t i o n  f r o m  t h e  h u m a n  u s e r  u p o n  
w h o s e  b e h a l f  i t  i s  e x e c u t i n g .  T h e  p r o c e d u r e  m a y  h a v e  
i n v e s t e d  c o n s i d e r a b l e  r e a l  a n d / o r  p r o c e s s i n g  t i m e  b e f o r e  
r e a c h i n g  t h i s  i m p a s s e ,  a l l  o f  w h i c h  w i l l  b e  l o s t  i f  i t  
a b o r t s ,  

T o  m i n i m i z e  s u c h  i n e f f i c i e n c i e s ,  t h e  M o d e l  c a n  b e  
e x t e n d e d  t o  p e r m i t  a  " s t u c k "  p r o c e d u r e  t o  s o l i c i t  h e l p  
f r o m  i t s  s u p e r i o r s ,  s i m p l y  b y  a d d i n g  t h e  f o l l o w i n g  s y s t e m  
p r o c e d u r e  t o  t h e  P r o t o c o l ;  

H E L P  ( t i d ,  n u m b e r ,  i n f o r m a t i o n  - >  s o l u t i o n )  
I N D E X  I N D E X  a n y  a n y  

w h i c h  s p e c i f i e s  t h e  t r a n s a c t i o n  i d e n t i f i e r  T I D  o f  t h e  
c a l l  t o  w h i c h  i t  p e r t a i n s  ( t h e  d i r e c t i o n  o f  t h e  c o n t r o l  
t r a n s f e r  b e i n g  i m p l i c i t ) ,  t h e  N U M B E R  o f  t h e  p r o b l e m  
e n c o u n t e r e d ,  a n d  a r b i t r a r y  s u p p l e m e n t a r y  I N F O R M A T I O N ,  
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Extension B -- Control Thread Communication 

As depicted in Figure 4, the search for help begins 
with invocation of HELP in the caller's NRTE, If the 
caller understands the problem (i.e. recognizes its 
number) and is able to solve it, HELP simply returns the 
provided SOLUTION information, Otherwise, HELP calls 
itself recursively in the next process up the thread of 
control. The search terminates as soon as one of the 
stuck procedure's superiors responds positively, or when 
the end of the control thread is reached. In the latter 
case, each of the nested HELP procedures returns 
unsuccessfully in turn to indicate that the search 
failed. 

Reporting an Event 

A procedure sometimes witnesses or causes an event of 
which its superiors should be made aware; the start or 
completion of some major step in the procedure's 
execution, the reaching of a breakpoint, etc. 

The Model can be extended to permit a procedure to 
notify its superiors of an arbitrary event, simply by 
adding the following system procedure to the Protocol: 

NOTE (tid, number, infermation) 
INDEX INDEX any 

which, like the HELP procedure described above, specifies 
the transaction identifier TID of the call to which it 
pertains, the NUMBER of the event beinq reported, and 
arbitrary supplementary INFORMATION. 

As depicted in Figure 5, notification of the 
procedure's superiors begins with invocation of NOTE in 
the caller's process, and works its way recursively up 
the thread of control until the top is reached. 

Implementation of the note function as a system 
procedure, rather than as a message, provides a crude 
form of flow control that prevents the receiving NRTE*5 
buffers from being overrun, The note primitive that the 
NRTE makes available to the user proqram, however, should 
initiate the call to NOTE but not delay the applications 
program by waiting for its return. Only when it notes a 
second event or releases control of the call should the 
NRTF. make certain that the previous call to NOTE has 
completed before proceeding. 
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Extension C -- Procedure interruption and Abortion 

In conventional systems# it is Important to provide 
mechanisms for forcibly aborting# and perhaps suspending and 
resuming procedures that are called as the direct result of 
commands issued by a human user. The ability to abort a 
procedure is particularly important when the procedure has a 
significant execution time (e,g, a procedure that compiles a 
source file). 

In distributed systems# the same needs exist, The Model 
can be extended to provide these facilities by adding the 
following three system procedures to the Protocol: 

INTPRQC (tid) 
INDEX 

RSMPRQC (tid) 
INDEX 

ABRPRQC (tid) 
INDEX 

which interrupt# resume# and abort, respectively, the 
procedure whose transaction identifier TID is specified, As 
depicted in Figure 6# these procedures may only be invoked 
on behalf of the caller. 
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Extension P  -- Data Stores 3d5 

Most conventional systems maintain a variety of state 
information that they house in global variables or "data 
stores". These data stores are usually manipulated using 
primitives of the form: "replace the current contents of D  
with the value v" and "return the current value of D", 
These primitives are implemented either by specialized 
procedures or as language constructs; the latter approach 
offers the advantage of insuring uniform handling of all 
data stores within the system. 

Those distributed systems that maintain 
remotelyaccessible state information must a lso select a 
strategy for implementing the required data store access 
primitives. Although they can be implemented as specialized 
user procedures, a simple extension to the Model would 
provide a  uniform run»time access mechanism, A suitably 
modified compiler could in t urn exploit this run*time 
uniformity to provide the compiie-time uniformity that 
conventional programming environments offer, 

Reading and Writing a Data Store 

If a data store be defined as a named data object 
modeled from D PS data types, the required access 
primitives are provided by adding the following pair of 
system procedures to the Protocol: 

WRITSTQR (Store, value) 
CHARSTR any 

READSTOR (store »> value) 
CHARSTR any 

which specify and return the VALUE of the indicated data 
STORE, respectively. 

Data stores may restrict the kinds of manipulation to 
which they are willing to submit: some may be read»only, 
some may accept values of only a  certain data type, etc, 

Manipulating an Element of a  Data Store 
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Extension D -• Data stores 

Because they are modeled using DPS data types# the 
values of data stores can be arbitrarily complex# e,g, a 
LIST of LISTS, The programmer may sometimes wish to 
manipulate only a single element of the LIST; or# if the 
selected element is itself a LIST# he might wish to 
manipulate just one of its elements; and so on# to 
arbitrary depth, 

wRITST0R and READSTOR can be extended to optionally 
write or read a particular substructure within a 
composite data store: 

WR1TST0R (store# substructure# value) 
CHARSTR [LIST (index# ,,,)] any 

INDEX 
READSTOR (store# suostructure -> value) 

CHARSTR (as above) any 

At each successive level of the data STORE'S tree 
structure# the INDEX of the desired element is 
identified; the resulting list of indices identifies the 
SUBSTRUCTURE whose VALUE is to be replaced or returned, 

-24* 



J E W  2 2 - O C T - 7 5  1 7 : 0 0  2 6 7 3 2  
S E C O N D  D R A F T  2 3  O C T  7 5  8 : 1 0 P M  T h e  D i s t r i b u t e d  P r o g r a m m i n g  S y s t e m  

A p p e n d i x  D  - -  P o s s i b l e  E x t e n s i o n s  t o  t h e  M o d e l  
E x t e n s i o n  E  - -  P a r a m e t e r  L i s t  M a s k s  

E x t e n s i o n  E  - -  P a r a m e t e r  L i s t  M a s k s  

I n  c o n v e n t i o n a l  p r o g r a m m i n g  s y s t e m s #  t h e  r e s u l t s  o f  
p r o c e d u r e s  a r e  u s e d  i n  a  v a r i e t y  o f  w a y s #  d e p e n d i n g  u p o n  t h e  
c o n t e x t  o f  t h e  c a l l s  m a d e  u p o n  t h e m ,  A  r e s u l t  m a y #  f o r  
e x a m p l e :  

1 )  p r o v i d e  t h e  b a s i s  f o r  a  b r a n c h  d e c i s i o n  w i t h i n  t h e  
c a l l i n g  p r o g r a m ,  

2 )  b e c o m e  a n  a r g u m e n t  t o  a  s u b s e q u e n t  p r o c e d u r e  c a l l #  o r  
3 )  b e  i g n o r e d  a n d  t h u s  e f f e c t i v e l y  d i s c a r d e d .  

A t  r u n - t i m e #  t h e  k n o w l e d g e  o f  a  p a r t i c u l a r  r e s u l t ' s  i n t e n d e d  
u s e  u s u a l l y  l i e s  s o l e l y  w i t h i n  t h e  c a l l i n g  p r o g r a m ,  w h i c h  
e x a m i n e s  t h e  r e s u l t ,  p a s s e s  i t  t o  a  s e c o n d  p r o c e d u r e ,  o r  
i g n o r e s  i t  a s  i t  c h o o s e s ,  

i n  d i s t r i b u t e d  s y s t e m s #  t h e  r e s u l t s  o f  r e m o t e  p r o c e d u r e s  
w i l l  b e  u s e d  i n  p r e c i s e l y  t h e  s a m e  w a y s .  B u t  h e r e  t h e  
t r a n s p o r t a t i o n  o f  r e s u l t s  f r o m  c a l l e e  t o  c a l l e r #  b e i n g  
c a r r i e d  o u t  b y  m e a n s  o f  o n e  o r  m o r e  i n t e r - p r o c e s s  m e s s a g e s #  
i s  a n  e x p e n s i v e  o p e r a t i o n #  e s p e c i a l l y  w h e n  t h e  r e s u l t s  a r e  
l a r g e ,  

I f  t h e  M o d e l  w e r e  e x t e n d e d  i n  s u c h  a  w a y  t h a t  t h e  
i n t e n d e d  d i s p o s i t i o n  o f  a  p r o c e d u r e ' s  r e s u l t s  c o u l d  b e  m a d e  
k n o w n  t o  t h e  c a l l e e ' s  p r o c e s s  i n  a d v a n c e #  d a t a  m o v e m e n t  
c o u l d  b e  r e d u c e d  i n  c a s e s  2  a n d  3  a b o v e .  I n  c a s e  2 ,  
p r o v i d e d  b o t h  c a l l e e s  r e s i d e  w i t h i n  t h e  s a m e  p r o c e s s #  t h e  
r e s u l t  c o u l d  b e  h e l d  a t  i t s  s o u r c e  a n d  l a t e r  l o c a l l y  
s u p p l i e d  t o  t h e  n e x t  p r o c e d u r e ,  i n  c a s e  3 ,  t h e  r e s u l t  c o u l d  
b e  d i s c a r d e d  a t  i t s  s o u r c e  ( p e r h a p s  n o t  e v e n  c o m p u t e d ) ,  
r a t h e r  t h a n  s e n t  a n d  d i s c a r d e d  a t  i t s  d e s t i n a t i o n .  

S p e c i f y i n g  P a r a m e t e r s  I n d i r e c t l y  

D a t a  s t o r e s  ( s e e  E x t e n s i o n  D )  o f f e r  p o t e n t i a l  f o r  
e l i m i n a t i n g  t h e  i n e f f i c i e n c i e s  i n v o l v e d  i n  c a s e  2  a b o v e  
b y  p r o v i d i n g  a  p l a c e  w i t h i n  t h e  c a l l e e s '  p r o c e s s  w h e r e  
r e s u l t s  g e n e r a t e d  b y  t h e  f i r s t  p r o c e d u r e  c a n  b e  h e l d  
u n t i l  r e q u i r e d  b y  t h e  s e c o n d .  

T h e  M o d e l  c a n  b e  e x t e n d e d  t o  p e r m i t  d a t a  s t o r e s  t o  b e  
u s e d  i n  t h i s  w a y  b y  a l l o w i n g  t h e  c a l l e r  o f  a n y  p r o c e d u r e  
t o  p r o v i d e  " a r g u m e n t  a n d  r e s u l t  l i s t  m a s k s "  l i k e  t h e  
f o l l o w i n g :  
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LIST (store, ,, „) 
(CHARSTR] 

to specify the source or destination of each of the 
procedure's arguments and results, respectively. As 
depicted in Figure 7, a parameter list mask like that 
above would permit each parameter to be transmitted 
either directly, via the parameter list, or indirectly 
via a data STORE within the callee's process; each 
element of the mask specifies how the caliee's process is 
to obtain or dispose of the corresponding parameter. 

The Model can be extended as suggested above by 
modifying the Protocol to allow argument and result list 
masks as add itional parameters of the CALL message, To 
supply the result of one procedure as an argument to 
another, the caller need only then appropriately set 
corresponding elements of the result list mask in the 
first call and the argument list mask in the second (the 
result list mask should be ignored if the procedure 
fails, and the error number and diagnostic message 
returned directly to the caller), 

Discarding Results 

The inefficiencies that result in case 3 above are 
conveniently eliminated by allowing the caller to 
identify via the result list mask (e,g, via a zero-length 
CHARSTR) that the result to be discarded will in fact be 
ignored and therefore need not be returned to the caller. 
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Extension F -- scratch Data Stores 

Extension F -- Scratch Data Stores 3d7 

Although each applications program could maintain 
"scratch" data stores for use as suggested in Extension E 
above, a more economical approach is to extend the Model to 
permit such data stores to be created and deleted at 
run-time as necessary. Scratch data stores could then be 
maintained entirely by the NRTE, without any assistance from 
the applications program, 

The necessary primitives are provided by adding the 
following pair of system procedures to the Protocol; 

CHTSTOR (store, value) 
CHARSTR any 

DELSTOR (store) 
CHARSTR 

which create (and assign an initial VALUE to) and delete a 
data STORE, respectively, 
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Extension G -- Packages 

Large distributed systems are constructed by logically 
interconnecting autonomous processes in potentially complex 
ways, A user process Pi, for example, might draw upon the 
resources of a second, service-vending process P2 that 
employs a third process P3 to maintain its accounting 
records, In such an arrangement, Pi would have no need or 
right to deal directly with P3, It might, be desirable, 
therefore, to extend the DPS Model to permit access controls 
to be imposed upon individual resources, 

Procedures (and data stores, if Extension D is made) are 
the building blocks of the distributed systems that DPS 
makes possible. Although an individual procedure or data 
store can be thought of as a resource, it is usually more 
practical and convenient to conceive of larger# composite 
resources comprised of a mumper of related procedures and 
data stores, A simple data base management module, 
containing procedures for creating, deleting, assigning 
values to, reading, and searching for data objects, 
exemplifies such composite resources. Although each 
procedure is useless in isolation, the whole family of 
procedures provides a meaningful service, such composite 
resources or "packages" of logically related procedures and 
data stores might thus be the most reasonable object of 
access controls. 

Access controls might be applied to packages by requirinq 
that a process "open", and perhaps as a result obtain a 
handle for a remote package before it can access any of the 
procedures or data stores it contains, Whenever a process 
attempted to open a package, its right to do so could then 
be verified and the attempt aborted if necessary. 
Challenging the initial attempt to open the package would, 
of course, be less expensive than challenging every 
procedure call, The opening of a package would also provide 
a convenient time for package-dependent state information to 
be initialized. 

The necessary primitives for opening and closing remote 
packages might be provided by adding to the Protocol the 
following pair of system procedures that, for efficiency, 
manipulate an arbitrary number of packages in a single 
transaction: 
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OPENPACK (names -> 
LIST (package, 

CHARSTR 
CLCSPACK (pkhs) 

(as above) 

pkhs) 
LIST (pkh, 

INDEX 

The first of the two procedures opens and returns handles 
PKHS for the packages whose NAMES are specified; the second 
closes one or more packages and releases the handles PKHS 
previously obtained for them. 

Having added the two primitives above, the Protocol must 
also be modified to require a package handle with each 
procedure and data store name in messages and system 
procedures, Thus, procedures and data stores would be 
designated throughout the protocol by the following 
composite data object; 

LIST (pkh, store/procedure) 

rather than by a simple procedure or data store name, 

Note in passing that this scheme would make the package 
the domain over which procedure and data store names must be 
unique, package names could also serve, in dialog and 
documentation, as convenient shorthands for more detailed 
descriptions of the procedures and data stores they contain, 

INDEX CHARSTR 
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Extension H -- Process Initialization 

Before a program in one host can exploit the resources of 
another host* it must, in general, create a new process 
within that host, creation of a process is a multi-step 
operation that involves: 

1) establishing a channel to the remote host via NlSj 
2) presenting credentials for purposes of billinq and 

access to the host's file system? 
3) identifying the program to be run (i.e. the resources 

that are sought): 
4) winning the commitment of a processor to that program; 

and finally 
5) having the program started. 

The means by which these required steps are effected 
depends heavily upon the nature of the NTS environment in 
which the distributed system is constructed, Assuming that 
specification of accounting parameters and program name is 
not an intrinsic part of establishing the channel, this 
information must be explicitly transmitted by the creating 
process, 

The Model is easily extended to incorporate the 
specification of the required startup information by adding 
the following system procedure to the Protocol: 

INiT (program, credentials) 
CHAPSTR LIST (user, password, account) 

CHARSTR CHARSTR CHARSTR 

which identifies the user PROGRAM to be run, and provides 
the USER name, PASSWORD, and ACCOUNT of the local user upon 
whose authority the process is to be created, 
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Extension I -» Process Interconnection 3dl0 

The simplest distributed systems begin with a single 
process that creates one or more "inferior" processes whose 
resources it requires. One or more of these inferiors may 
in turn require other remote resources and so create 
inferiors of their own, This creative activity can proceed, 
in principle, to arbitrary depth. The distributed system 
that results is a tree structure whose nodes are processes 
and whose branches are NIS channels. Any particular 
process, however# is only aware of its parent and sons (i,e, 
the process that created it, and those it itself created). 
Because each process is so near-sighted, the radius within 
which it can access the resources of the tree is 
artificially small. 

Because this limited sharing range Is insufficient to 
implement many distributed systems, the Model might be 
extended to permit a process to "introduce" and thereby make 
known to one another any two processes it already knows 
(e,q, two of its sons, or its parent and son), once 
introduced, the two processes would be free to invoke one 
another's procedures with the same freedom the introducing 
process enjoys, until it "separates" them. 

The introduction of two processes requires little more 
than the formation of an NIS channel between them. This 
channel might be negotiated by the NRTE of the process 
performing the introduction# using the family of system 
procedures below; 

ALOPORT (•#> localport) 
LIST (host, portnumber) 

INDEX INTEGER 
CNNPQRT (localport, remoteport) 

(as above) (as above) 
DCNPORT (localport) 

(as above) 

To create the channel, the introducing process allocates 
an NIS "port" in each target process by calling its ALOPORT 
procedure, as depicted in Figure 8, It then commands each 
of the target processes, via CNNPORT, to connect its port to 
the port allocated by the other, To later disconnect th® 
two processes, the separating process simply invokes the 
DCNPORT procedure in each process, thereby dissolving the 
channel and releasing the associated ports, 
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The scenario above is only meant to be representative. 
The detailed calling sequences of the required procedures 
depend heavily upon WIS, The calling sequences required by 
the AFPA Network's NIS, for example, are only slightly more 
complicated than those above, 
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Extension J -- Logical Channels 3dll 

In an environment in which all processes share a common 
NIS (the premise of Extension 1 above), the introduction of 
two processes necessitates only the formation of an NIS 
channel between them. In other, less homogeneous 
environments, however, the creation of such a channel is not 
always possible. 

Suppose, as depicted in Figure 9, that processes Pi and 
P2 (in hosts Hi and H2, respectively) are interconnected 
within a distributed system by means of the NIS of a large 
computer network: (e„g, the ARPA Network), Assume further 
that P2 attaches to the system another process P3 in a 
minicomputer M that although attached to H2 is not formally 
a part of the network. With this configuration, it is 
impossible for P2 to introduce processes Pi and p3 to one 
another by simply establishing an NIS channel between them, 
since they are not within the domain of a single 
inter-process communication facility. 

One way of solving this problem is to extend the Model to 
embrace the notion of a composite or "loqical channel" 
composed of two or more physical channels, A message 
transmitted by process Pi via the logical channel to pn (n=3 
in the example above) would be relayed over successive 
physical channels by intermediate processes P2 through Pn-i, 
AS depicted in Figure 10, a logical channel would consist of 
a table entry maintained by the NRTE of each process Pi 
through Pn, plus the commitment of each MRTg to forward 
messages that arrive with a "routing code" that addresses 
the table entry, Each table entry would contain pointers to 
the two neighboring processes, as well as the routing code 
recognized by each; the message's routing code would be 
updated from the table entry before the message was 
forwarded. 
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To communicate a message to its distant neighbor, 
therefore, the source process (say PI) would transmit it via 
its NIS channel to P2, with a routing code addressing the 
appropriate table entry within P2, Upon receipt of the 
message, p2 would locate its table entry via the routing 
code, update the message with the routing code that P3 
recognizes, and forward the message to P3, Eventually the 
message would reach its final destination, pn. The 
generality of logical channels is thus not secured without 
cost, since each message must traverse at least two physical 
channels and be handled by all of the NRTES along the way, 

A logical channel of the sort described above could be 
suitably manipulated using the two system procedures 
described below? 

CRTBOUTE (mycode, modelcode -> yourcode) 
INDEX tINDEX] INDEX 

DELRQUTE (yourcode) 
INDEX 

which create and delete, respectively, the table entry 
(within the called process) whose routing code YOURCODE is 
specif lea, 

The simplest logical channel (n=3) is created by P2, 
which invokes CRTROUTE in both PI and P3, specifying its 
routing code MYCODE ior the logical channel, and receiving 
routing codes YOURCODE assigned by PI and P2 in return; 
MODELCODE is EMPTY, More complicated logical channels (n>3) 
result when one or both of the Introduced processes is 
already linked by a logical channel to the process 
performing the introduction. In this case, MODELCODE 
specifies the routing code for the table entry within the 
target process that represents the existing logical channel 
to be reproduced, Tbe target process must tben call 
CRTROUTE recursively to replicate the rest of the model 
channel, 

The process Pi that creates the logical channel would be 
responsible for eventually dismantling it by invoking 
DELROUTE in Pi-1 and Pi+i, each of which would in turn 
propagate the call to its end of the channel. 

3 4 m 
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Other Areas for Investigation 3012 

The Model extensions suggested in the proceeding sections 
are intended to be representative of the many that might 
usefully be made. Among the additional facilities that 
might eventually be provided by the NRTE by means of the 
Protocol are mechanisms for: 

1) queuing procedure calls tor long periods of time (e,g, 
days), 

2) broadcasting requests to several processes, 
3) subcontracting work to other processes without 

remaining a middleman, 
4) supporting brief or infrequent inter"process exchanges 

with minimal startup overhead, and 
5) effective error recovery and restart. 

These and other areas must be explored, and the results of 
that exploration made a part of the coherent framework that 
DPS provides, 
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Appendix E -- An implementation of the Run-time Environment 3e 

Background 3el 

In July of 1974* the Augmentation Research center (ARC) 
at SRI undertook the design of a DPS for use in the National 
Software Works (NSW) being constructed for the Air Force's 
Data Automation Aqency (DAA)* by the Advanced Research 
Projects Aqency (ARPA) and Rome Air Development Center 
(RADC), 

The work consisted of developing the DPS m 0delj designing 
and documenting the Network protocol required to support it 
(12)j and designing, documenting, and implementing a NRTE 
tor a particular machine (13, 14], specifically a PDP-1Q 
running the Tenex operating system developed by Bolt* 
Beranek, and Newman, inc (15] t  Three design iterations were 
carried out during the course of the next twelve months, and 
the final design implemented on Tenex, The resulting system 
Is a superset of that described in tbe body of this paper 
and Appendix p, 

in this final appendix* the structure of the NRTE 
implemented by ARC for Tenex is briefly sketched (others 
are* of course* possible), In general* the design and 
implementation of a NRTE is a highly host-dependent task. 
This description, then, is provided as an example of how a 
network run-time environment might be structured. 

The Tenex Operating System 3e2 

The Tenex operating system supports the concurrent 
execution of a potentially large number of user jobs, each 
of which consists of one or more hierarchically-related 
processes called "forks", Each fork implements a 
PDP-10-like virtual machine with 256K of virtual memory. 

Forks within a job are arranged in a tree structure, 
Each fork has exactly one immediately superior fork and zero 
or more immediately inferior forks, A fork can communicate 
with its inferiors by sharing memory and/or by means of 
asynchronous signals called "pseudo interrupts", A superior 
fork can also forcibly freeze, resume, or kill any of its 
inferiors, 
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Operating system services are made available to user 
forks by means of system calls, or "JSYSes" 
(Jump-to-SYStem's), Tenex permits a superior to trap any or 
all JSYSes invoked by any or all of its inferior forks, 
examine their arguments, and it desired even assume the task 
of implementing them [16], 

Isolating the NRTE in a Separate Fork 3e3 

As depicted In Figure 11, the NRTE is isolated in a 
separate "controlling fork" (CF), while the applications 
program executes in one or more immediately inferior 
"procesing forks" (PEs), Every DPS process on Tenex thus 
consists of at least two forks, one containing the NRTE and 
the other the applications program, The CE makes the 
services of the NRTE available to PFs by means of a single 
system call which it intercepts via the trap facility that 
Tenex offers. Upon this single, intercepted JSYS are 
multiplexed a family of "virtual vjSYses" (VJSYSes) that 
constitute NRTE primitives. 

This approach offers a number of advantages over others 
involving the link loading of the NRTp with the applications 
program and their execution in a single address space: 

1) it makes DPS appear to the applications programmer to 
be part of the operating system, 

NRTE primitives adhere to standard Tenex 
conventions for passing parameters* indicating 
outcome, etc, 

2) it makes the NRTE language-independent and thus 
permits a single implementation to be maintained, 

This implementation can be used by any applications 
programmer on any Tenex machine within the ARPA 
Network, 

3) it protects the NRTE from the applications programmer 
and thus eases the debugging task, 

4) it eliminates such potential conflicts between the 
NRTE and the applications program as inconsistent use 
of the pseudo Interrupt system, and finally 
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5) it allows the NRTE to execute independently of the 
applications program# as it must do# for example# to 
effectively monitor the NIS channels attached to the 
process t 

Giving the NRTE Access to the Applications Program 3e4 

As the applications program must invoke primitives 
provided by the NRTE# so must the NRTE draw upon the 
resources of the applications program. The NRTE must, for 
example, be able to cause the appropriate procedure within 
the applications program to be dispatched whenever a CALL 
message arrives from an adjacent process. As a vehicle for 
such NRTE-driven interactions, the notion of a "virtual 
jump-to USeR" (VJUSR), implemented by the pF and available 
to the CF# is introduced. The NRTE specifies the calling 
sequences of a family of vjUSRs and requires their 
implementation by the applications program, 

Additional Services Provided by the NRTE 3e5 

In the body of this paper it was suggested that the NRTE 
would gradually grow in capability to provide the 
applications programmer with a variety of network 
programming conveniences, included among those provided by 
the initial Tenex NRTE ares 

1) automatic selection of the most appropriate mode of 
Inter-process communication, 

Currently# intra-job communication is carried out 
by means of shared memory; NIS channels are employed 
in all other cases, 

2) automatic selection of the most appropriate 
transmission format for each adjacent process# 

Currently# the PCPB36 format (see Appendix B) is 
employed between Tenex machines# and the PCPB8 format 
used in all other situations. The applications 
program# however# always communicates with the NRTE 
using the PCPR36 format# the NRTE performing whatever 
format conversion is required# 

3) the ability to combine two or more 
independently-written programs in a single process# 

-38-



JEW 22-OCT*75 17:00 2A732 
SECOND DRAFT 23 OCT 75 8:10pM The Distributed Programming System 

Appendix E -- An Implementation of the Run-time Environment 

Thus separately-coded packages can be combined at 
run-time in a way that makes their compile-time 
independence invisible to other processes, 

4) automatic scheduling of incoming procedure calls among 
tnose PFs executing the appropriate applications 
program, 

5) primitives for creating and deleting PFs and for 
adding to and removing applications programs from the 
process' run-time configuration, 

6) automatic creation and deleting of PFs in accordance 
with the demands of adjacent processes, and 

7) primitives for intra-process communication and 
synchronization. 
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FIGURES 

Figure 1, Interfacing a remote terminal to a local time-sharing 
5 a system via the TELNET Protocol. 5 a 

Figure 2, Effecting a coroutine linkage via the XFEPCTRL 
5b message, 5b 

Figure 3, Signalling the caller via the SGNLPROC system 
procedure„ 5C 

Figure 4. Obtaining help via the HELP system procedure, 5d 

Figure 5, Reporting an event via the NOTE system procedure, 5e 

Figure 6. Aborting a procedure via the ABRPROC system procedure, 5 f 

Figure 7, Chaneiiing parameters from one procedure to another 
via parameter list masks, 5g 

Figure 8, Introducing two processes via the aloport, CNNPORT* 
5h and DCNPGRT system procedures, 5h 

Figure 9. Two processes that can only be introduced via a 
5 i logical channel. 5 i 

Figure 10, A logical channel. 53 

Figure 11, internal structure of a Tenex Dps process, 5k 
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In response to CHIs regyest for thoughts on the most significant 
features of NLS (see -- 26703,) 1 submit the following lists 1 

Structured Files la 

Command Parser provided ? help lb 

View specs lc 

especially for limiting the view lei 

Links for cross referencing files Id 

the Journal as a shared data base le 

the close coupling to programming facilities, eg content Analyzers 
and User Programs If 

the Procedure replace feature for developing the system, lo 

Statement Signatures for source code lh 

The output Processor is MoT good but there must be something to 
fill this function, li 
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The week Ending 1G/24/7S 1 

66-1 la 

Major Pete Lambert has continued to run the rewrite of 66-1, 
He is presently waiting for proofs from George Lithograph so 
that he can send them to Washington to get approval of the new 
type size, Pete feels like he doesn't want to rush ahead 
with things until DA in Washington sees the new type size, lal 

PR lb 

1 continued to format the PR manuals and to make the final 
changes. The one manual is finished except for the table of 
contents and the second one is near completion, I will finish 
it next week, Lynne Simms and 1 met with another man in Pr and 
chose a new document that input will begin on next week. There 
is no deadline on this document in that it was just released 
and a new version will not be published until July, There is 
also a possibility that Mr, MCLeod (the man who was in charge 
of the first document) will put another one on line, lbl 

Trimus 1c 

Again in a small corner of Gunter# several people had begun to 
work on another document without first consulting anyone, This 
is a 100 page report on a project that was a failure. It will 
be in the decimal format and input and edited by one person who 
was trained by Susan this week, we will first have to undo all 
the things that they entered in the wrong format, lei 

Training Id 

Susan did some advance training with several people here and 
she also gave the first and second level courses to 5 new 
people, Two women came from PR and they will be working on the 
new document as well as updating the Base Tops document that 
was finished a month ago. Another woman works in Quality 
Control and does the final editing on all the documents that 
are released from Gunter, Sgt, Crabtree's secretary was alo 
trained as well as the woman who will be doing the Trimus 
report, Idl 

Hardware le 

No changes on the hardware except that will all the new users# 
people are beginning to feel the crunch of not enough 
terminals, Hopefully# the pressure will be placed on the right 
people and more terminals will be made available, At present 

1 
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there are 8 possible slots on the ELF 5 direct hookups and 3 
dial ups. Two modems are still expected but have been for over 
a month, 

2 
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Move Statement <bug> <buq> <oPtion> <backspace> <back:space> <bug> 
<bug> 

causes the error: "reference to undefined interpreter variable" 

Move Statement <bug> <bug> <option> ? <bacKspace> 

causes the display to go away 
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jeannle-^This Is our sate-retreat version, somehow it didn't 
make it when I tried to journalize it the other day, Jim--Here's 
a copy for you to access. It has COM directives in it in various 
stages of completeness, so X don't recommend it except for DRAFT 

purposes, BE;V 
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ABSTRACT 

T h e  o N L i n e  s y s t e m ,  v e r s i o n  8  ( N L S - 8 )  d e v e l o p e d  a t  t h e  
A u g m e n t a t i o n  R e s e a r c h  C e n t e r  ( A R C )  w a s  b r o u g h t  t o  p r o t o t y p e  
o p e r a t i o n .  I m p r o v e m e n t  i n  f u n d a m e n t a l  d e s i g n  c o n t i n u e d ,  b u t  
n e w  a t t e n t i o n  w a s  g i v e n  t o  a p p l i c a t i o n s  a n d  t e c h n o l o g y  
t r a n s f e r s .  S t r a t e g i e s  i n c l u d e d  a n  e f f o r t  t o  I n v o l v e  m o r e  a n d  
m o r e  u s e r s  o u t s i d e  A R C ,  e s t a b l i s h m e n t  o f  e x p e r t s  i n  N L S  w i t h i n  
u s e r  o r g a n i z a t i o n s ,  a  t r a i n i n g  p r o g r a m ,  a n  o n l i n e  q u e r y  s y s t e m  
t o  i n f o r m  u s e r s  a b o u t  N L S ,  r e v i s i o n  o f  t h e  c o m m a n d  l a n g u a g e ,  
a n d  o p e r a t i o n  o f  t h e  N e t w o r k  i n f o r m a t i o n  C e n t e r ,  N e w  
d e v e l o p m e n t s  i n c l u d e  a  s i m p l e  c a l c u l a t o r  s u b s y s t e m ,  m u l t i - h o s t  
j o u r n a l  s y s t e m ,  a  v a r i e t y  o f  o p t i o n s  t o  t a i l o r  t h e  s y s t e m  t o  
d i f f e r e n t  w o r k i n g  c o n d i t i o n s ,  f i l e  a c c e s s  c o n t r o l s ,  a n d  a  
c o n t r o l  m e t a  l a n g u a g e  t o  m a k e  u s e r  i n t e r f a c e  w r i t i n g  e a s i e r  
a n d  m o r e  f l e x i b l e ,  A R C  d e v e l o p e d  a  m i c r o p r o c e s s o r - d e v i c e ,  t h e  
L i n e p r o c e s s o r ,  t o  e n h a n c e  i n e x p e n s i v e  d i s p l a y s  f o r  u s e  w i t h  
t w o - d i m e n s i o n a l  d i s p l a y  N L S  a n d  r e d u c e  c o m m u n i c a t i o n  c o s t ,  
A R C  m a d e  N L S  a v a i l a b l e  o n  a  s u b s c r i p t i o n  b a s i s  t h r o u g h  a n  
i n f o r m a t i o n  u t i l i t y  w i t h  i t s  o w n  c o m p u t e r .  

p a g e  2  K n o w l e d g e  w o r k s h o p  D e v e l o p m e n t  - -  R e p o r t e d  a s  o f  7 / 7 4  
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INTRODUCTION 4 

TIME COVERED 4a 

This report covers Contract E306Q2-72-03t3# which extended 
from March 1972 through June 1974, 4al 

SUMMARY OF WORK UNDER THIS CONTRACT 4b 

In this period the central development at ARC# the Online 
System (NUS)# was brought to prototype operation with outside 
groups, Passing this milestone led us to undertake 
clarification of our mid-range goals# to make changes In the 
organization of ARC# and to give more energetic attention to 
a wide range of users through development of technology 
transfer# of system features# and of services. We here 
report on ARC's goals in terms of the "Augmented Knowledge 
Workshop" a computer-based set of tools for people who 
need to manipulate knowledge in their work, ARC has been 
organized into a development branch# whose work is of primary 
concern in this report# and an applications branch# dedicated 
to offering NDS as an information utility? each is under an 
assistant director, 4bl 

The international conference on computers in Communications 
took place in Washington In October of 1972, it was an 
important event for most of the research organizations 
associated with the ARPA Network? it was particularly 
important to ARC, The Network Information Center prepared 
informative directories of ARPANET participants, and 
published scenarios of many systems demonstrated at the 
conference, Half a dozen ARC staff members spent full or 
substantial part time preparing for NIC services at the 
conference, and for demonstrating ARC functions through the 
Network, and took part in a variety of other support 
functions. Twelve members of the staff were In Washington 
for the duration of the conference, 4b2 

Development of NLS 4b3 

NLS User Interface 4b3a 

We have made the Nts user interface simpler# more 

Knowledge Workshop Development -- Reported as of 7/74 page 7 
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4  i n t r o d u c t i o n  

f l e x i b l e ,  a n d  e a s i e r  t o  u s e ,  w e  c o m p l e t e d  d e s i g n  a n d  
i m p l e m e n t a t i o n  o f  a  c o m m a n d  M e t a  L a n g u a g e  a n d  c o m m a n d  
i n t e r p r e t e r  s y s t e m  t h a t  a l l o w s  c r e a t i n g  c o m m a n d s  i n  t e r m s  
o f  w h a t  t h e y  d o  r a t h e r  t h a n  i n  o u r  p r o g r a m m e r s '  l a n g u a g e  
( h i g h « - ! e v e l  l a n g u a g e  c o m m a n d  s p e c i f i c a t i o n ) .  T h e  C M L  
s y s t e m  c o m p i l e s  t h e  h i g h - l e v e l  t e r m s  u s e d  t o  d e s c r i b e  
c o m m a n d s  i n t o  a  t r e e  o f  i n s t r u c t i o n s  t o  d r i v e  t h e  
e x i s t i n g  N L S  c o m m a n d  i n t e r p r e t e r ,  c e n t r a l i z i n g  b o t h  
c o m m a n d  p a r s i n g  a n d  f e e d b a c k  t o  t h e  u s e r ,  4 b 3 a l  

T h i s  a p p r o a c h  a l l o w s  e x p e r i m e n t s  w i t h  d i f f e r e n t  c o m m a n d  
l a n g u a g e  s t r u c t u r e s  a n d  f e e d b a c k ,  s i m p l i f i e s  b u i l d i n g  
s u b s y s t e m s ,  a n d  a l l o w s  u s e r s  t o  t a i l o r  c o m m a n d  
l a n g u a g e s  f o r  t h e m s e l v e s .  

I t  a l s o  a l l o w s  N L S  " f r o n t e n d "  f u n c t i o n s  t o  m o v e  t o  a  
m i n i c o m p u t e r ,  D u r i n g  t h i s  c o n t r a c t  p e r i o d ,  b e f o r e  t h e  
m o v e  t o  t h e  m i n i c o m p u t e r  t o o k  p l a c e ,  t h e  n e w  
a r c h i t e c t u r e  r e s u l t e d  i n  m o r e  c o m p a c t  s o u r c e  c o d e  a n d  
m o r e  e f f i c i e n t  r u n n i n g .  

O t h e r  C h a n g e s  4 b 3 a 2  

w i t h  t h e  c r e a t i o n  o f  t h e  C M L  a n d  o u r  t w o  y e a r s  o f  
e x p e r i e n c e  w i t h  A R P A N E T  u s e r s ,  w e  r e d e s i g n e d  t h e  
c o m m a n d  l a n g u a g e  t o  m a k e  i t  m o r e  c o n s i s t e n t ,  a n d  a d d e d  
f e a t u r e s  o r i e n t e d  t o w a r d  n o v i c e s ,  

N L S  f u n c t i o n s  w e r e  r e o r g a n i z e d  i n t o  c l e a n l y  
i n t e r c o n n e c t i n g  s u b s y s t e m s .  N e w  s u b s y s t e m s  i n c l u d e  a n  
a r i t h m e t i c  c a l c u l a t o r  i n t e g r a t e d  w i t h  N L S  t e x t  f i l e s ,  
t h e  M o d i f y  s u b s y s t e m ,  w h i c h  c o n t a i n s  a u t o m a t i c  e d i t i n g  
c o m m a n d s ,  a n d  t h e  p u b l i s h  s u b s y s t e m ,  w h i c h  c r e a t e s  
r e f e r e n c e s ,  t a b l e s  o f  c o n t e n t s ,  a n d  t h e  l i k e ,  

W e  a d d e d  a  U s e r  P r o f i l e  w h e r e  a  u s e r  c a n  s p e c i f y  
d e f a u l t s  s u c h  a s  t h e  a m o u n t  o f  f e e d b a c k  s h e  g e t s ,  
f u n c t i o n  o f  c o n t r o l  c h a r a c t e r s ,  s i z e  o f  p r i n t o u t ,  t y p e  
o f  r e c o g n i t i o n ,  a n d  s o  o n .  

W e  a d d e d  n e l p  c o m m a n d s  t h a t  p r o v i d e  e i t h e r  a  q u i c k  l i s t  
o f  a l t e r n a t i v e s ,  c o m p l e t e  c o m m a n d  s y n t a x ,  o r  a c c e s s  t o  
c o m p l e t e ,  q u e r i a b l e  d o c u m e n t a t i o n  a t  a  p o i n t  r e l a t e d  t o  
w h a t  t h e  u s e r  w a s  d o i n g  w h e n  s h e  a s k e d .  C u e s  t o  w h a t  
t h e  u s e r  w a s  d o i n g  a r e  d e r i v e d  f r o m  t h e  C M L ,  

U s e r  p r o g r a m s  i n  t h e  L 1 0  p r o g r a m m i n g  l a n g u a g e  b e c a m e  

p a a e  8  K n o w l e d g e  W o r k s h o p  D e v e l o p m e n t  R e p o r t e d  a s  o f  7 / 7 4  
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4  i n t r o d u c t i o n  

i n c r e a s i n g l y  i m p o r t a n t  a s  t h e  w o r l d  o f  N L S  a p p l i c a t i o n s  
w i d e n e d ,  a n d  p r o g r a m s  s u p p o r t e d  b y  A R C  w e r e  i n t e g r a t e d  
i n t o  d o c u m e n t a t i o n  a n d  o r g a n i z e d  i n t o  a  d i r e c t o r y ,  

r e s t r i c t e d  N L S  M a c r o  f a c i l i t y  b a s e d  o n  t h e  c o m m a n d  
l a n g u a g e  b u t  l a c k i n g  i n  l o o p s  w a s  i m p l e m e n t e d ,  

P r o v i s i o n s  h a v e  b e e n  m a d e  t o  r e s t r i c t  a c c e s s  o t  N L S  
f i l e s  t o  a  l i s t  o f  i d e n t s  s e l e c t e d  b y  t h e  f i l e  o w n e r .  

D i a l o g  S u p p o r t  4 b 3 b  

w e  i n t e g r a t e d  t h e  N L S  . j o u r n a l  i n t o  t h e  A R P A  N e t w o r k  M a i l  
S y s t e m  b o t h  f o r  i n p u t  a n d  o u t p u t ;  w e  h a v e  t a k e n  a  l e a d i n g  
r o l e  i n  c r e a t i n g  a  N e t w o r k  M a i l  P r o t o c o l ,  4 b 3 b l  

w e  d e s i g n e d  a  D i s t r i b u t e d  J o u r n a l  S y s t e m  a n d  a s s o c i a t e d  
n e t w o r k  p r o t o c o l s  t h a t  a l l o w  v a r i o u s  J o u r n a l  f u n c t i o n s  
s u c h  a s  d i s t r i b u t i n g ,  r e c o r d i n g ,  c a t a l o g i n g ,  s t o r a g e  a n d  
r e t r i e v a l  t o  e x i s t  a n d  c o o p e r a t e  o n  s c a t t e r e d  h o s t s ,  4 b 3 b 2  

W e  i m p l e m e n t e d  a n  i n i t i a l  s y s t e m  i n  w h i c h  t w o  
N e t w o r k * b a s e d  P D P - l Q ' s  c o o p e r a t e  i n  s u p p o r t i n g  a  c o m m o n  
J o u r n a l  s y s t e m ,  4 b 3 b 3  

P r i v a c y  p r o v i s i o n s  w e r e  a d d e d  t o  t h e  j o u r n a l ,  A  u s e r  m a y  
r e s t r i c t  a c c e s s  t o  a  l i s t  o t  i d e n t s  s h e  s u p p l i e s ,  
p r i v a t e  i t e m s  a r e  n o t  c a t a l o g e d ,  4 b 3 b 4  

D i s p l a y  c o n c e p t s  a n d  T e r m i n a l s  4 b 3 c  

D i s p l a y  N L S  w a s  m a d e  m o r e  a v a i l a b l e  t o  u s e r s  w o r k i n g  
t h r o u g h  t h e  A R P A N E T  o r  o t h e r w i s e  w o r k i n g  r e m o t e l y ,  i n  
1 9 7 2  i t  b e c a m e  a v a i l a b l e  t h r o u g h  I m l a c  t e r m i n a l s ;  i n  l g 7 3  
w e  d e v e l o p e d  a n  i n e x p e n s i v e  m i c r o c o m p u t e r  b a s e d  b o x ,  t h e  
L i n e p r o c e s s o r ,  4 b 3 c l  

T h e  L i n e p r o c e s s o r  a n d  a s s o c i a t e d  s o f t w a r e  a l l o w  c h e a p ,  
m a s s  p r o d u c e d  a l p h a - n u m e r i c  t e r m i n a l s  t o  d i s p l a y  N L S  
f i l e s  i n  t h e  o p t i m u m ,  t w o - d i m e n s i o n a l  m a n n e r  i n t e g r a t e d  
w i t h  t h e  M o u s e  a n d  K e y s e t ,  T h e  L i n e p r o c e s s o r  d o e s  n o t  
r e g u i r e  m o d i f i c a t i o n  o f  t h e  t e r m i n a l ,  

T h i s  w o r k  i n c l u d e d  e x t e n s i o n  o f  t h e  N L S  v i r t u a l  
t e r m i n a l  c o n c e p t  a n d  d e v e l o p m e n t ,  o f  a s s o c i a t e d  
c o m m u n i c a t i o n  p r o t o c o l s  f o r  t h e  A R P A N E T ,  T h e  r e s u l t s  

K n o w l e d g e  W o r k s h o p  D e v e l o p m e n t  » -  R e p o r t e d  a s  o f  7 / 7 4  P a g e  9  
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I n t r o d u c t i o n  

w e r e  u s e f u l  I n  t h e  d e v e l o p m e n t  o f  t h e  N e t w o r k  G r a p h i c s  
P r o t o c o l ,  

t h e  L i n e p r o c e s s o r s  a r e  b e i n g  p r o d u c e d  c o m m e r c i a l l y  f o r  
a b o u t  S 2 0 Q 0  p e r  u n i t  a n d  w e r e  j u s t  c o m i n g  i n t o  u s e  o n  
t h e  N e t w o r k :  a t  t h e  c l o s e  o f  t h e  c o n t r a c t  p e r i o d ,  

O p e r a t i n g  S y s t e m  4 b 3 d  

T h e  b a c k u p  f i l e  a r c h i v a l  a n d  d u m p  s y s t e m ,  B S Y S ,  d e v e l o p e d  
a t  A R C ,  w a s  r e l e a s e d  t o  t h e  T E N E X  c o m m u n i t y ,  4 b 3 d l  

A  g r o u p  a l l o c a t i o n  s c h e m e  t o  c o n t r o l  l o g i n s  t o  t h e  s y s t e m  
w a s  b u i l t ,  p u t  i n t o  o p e r a t i o n ,  a n d  r e l e a s e d  t o  t h e  T E N E X  
c o m m u n i t y .  I t  s p l i t  t h e  u s e r s  i n t o  g r o u p s  a n d  l i m i t s  t h e  
n u m b e r  t h a t  m a y  l o g  i n  f r o m  e a c h  g r o u p ,  A l l o c a t i o n  m a y  
v a r y  d u r i n g  t h e  d a y ,  P r o v i s i o n  i s  m a d e  f o r  b r i e f  
" E x p r e s s "  l o g i n s  o v e r  n o r m a l  a l l o c a t i o n ,  4 b 3 d 2  

C h a n g e s  i n  T E N E X  n e c e s s a r y  t o  s u p p o r t  t h e  T y p e w r i t e r  a n d  
D i s p l a y  v e r s i o n s  o f  N L S  b e c a m e  p a r t  o f  t h e  s t a n d a r d  B B N  
r e l e a s e  o f  T E N E X  t o  a l l o w  f u t u r e  S u p p o r t  o f  N L S  o n  a n y  
s t a n d a r d  T E N E X ,  4 b i d 3  

w e  h a v e  f o u n d  i t  a d v a n t a a e o u s  t o  m a k e  s e v e r a l  c h a n g e s  i n  
o u r  o w n  T E N E X ,  n o t a b l y  i n  t h e  s c h e d u l e r ,  w h i l e  s t i l l  
r e m a i n i n g  i n  h a r m o n y  w i t h  B B N  *  s  s t a n d a r d  T E N E X  r e l e a s e s ,  

4 b  3 d 4  
w e  h a v e  b u i l t  a  s y s t e m ,  s u p e r w a t c h ,  t o  c o l l e c t  
i n f o r m a t i o n  o n  t h e  c o n s u m p t i o n  b y  v a r i o u s  p r o c e d u r e s  a n d  
b y  u s e r s  o f  C P U  a n d  c l o c k  t i m e ,  4 b 3 d b  

N e t w o r k  i n f o r m a t i o n  c e n t e r  4 b 3 e  

D u r i n g  t h e  c o n t r a c t  p e r i o d ,  t h e  N e t w o r k  i n f o r m a t i o n  
C e n t e r  w a s  t h e  m a i n  s o u r c e  o f  i n f o r m a t i o n  a b o u t  t h e  
p e r s o n n e l ,  c o m p u t i n g  f a c i l i t i e s ,  a n d  o r g a n i z a t i o n s  
a s s o c i a t e d  w i t h  t h e  A R P A N E T ,  a n d  o f  a  l a r g e  v o l u m e  o f  
r e l a t e d  d a t a .  I t  w a s  a l s o  a n  i n n o v a t i v e  d e v e l o p m e n t  i n  
p r o v i d i n g  i n f o r m a t i o n  t o  a  c o m m u n i t y  o f  c o m p u t e r  u s e r s ,  
i n  o n l i n e ,  o f f l i n e ,  a n d  m i x e d  f o r m ,  s e r v i c e  I n c l u d e d  
s u p p o r t  a n d  c a t a l o g i n g  o f  o n l i n e  d i a l o g  ( t h r o u g h  t h e  
J o u r n a l ) ,  a n  o n l i n e  d a t a b a s e  a n d  q u e r y  l a n g u a g e ,  
d i s s e m i n a t i o n  i n  h a r d  c o p y  o f  a  R e s o u r c e  N o t e b o o k ,  a n  
A R P A N E T  d i r e c t o r y ,  a n d  N e t w o r k  p r o t o c o l s ,  f r e q u e n t  t o u r s  
f o r  v i s i t o r s ,  a n d  r e s p o n s e  t o  q u e s t i o n s  f r o m  t h e  c o m p u t e r  
p u b l i c ,  4 b 3 e l  

p a g e  1 0  K n o w l e d g e  W o r k s h o p  D e v e l o p m e n t  - -  R e p o r t e d  a s  o f  7 / 7 4  
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4 Introduction 

At the end of the report period, the operations of the 
Network: Information Center were curtailed from the 
experimental array of NLS-hased information exchange 
services to maintenance of directories ot persons and 
resources for the ARPA network? a detailed account and 
evaluation of Network information services is to be 
published as a separate technical report 113» 4b3e2 

THE ORGANIZATION OF THIS REPORT 4C 

Since 1970, the central funding of ARC'S work has been a 
series of ARPA contracts, The resulting series of reports 
(7101,) (5139,) and (13041 ,) C2J C33 (4) outlined the 
evolution of ARC and the development of NLS in those years. 
By the middle of this report period, however, a prototype 
Knowledge workshop existed, and much of ARC's thinking, 
particularly planning, turned toward defining new goals and 
opening applications in different directions, The support of 
ARC in the fiscal year beginning in July 1974 is more widely 
spread than ever before, a trend that we expect to see 
continue, 4c! 

One result of the evolution of project emphasis is reflected 
in the organization of this report, The work during this 
contract period is reported under four headings? 4c2 

Chapter I! Application Experience 4c2a 

Chapter II? User Interface 4c2b 

Chapter III? NLS subsystems 4c2e 

Chapter IV: Workshop Foundation 4c2d 

The detailed descriptions under these four headings are 
reported in a series of what amount to individual papers, 
inevitably this approach, while preserving the work of 
individual researchers, leads to a certain amount of 
redundancy, we apologize; however, this format seemed 
appropriate for work that reflects a core of accomplishment, 
but is sufficiently diversified that write-ups aimed at 
specialized audiences are appropriate, 4c3 

To take advantage ot the automatic reference search of our 
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I n t r o d u c t i o n  

o n l i n e  s y s t e m ,  b i b l i o g r a p h i c  c i t a t i o n s  i n  t h i s  r e p o r t  l o o k  a  
l i t t l e  u n u s u a l .  T h e y  w i l l  a p p e a r  i n  t w o  f o r m s i  4 c 4  

A  s t r i n g  o f  n u m b e r s  a n d  l e t t e r s  i n  p a r e n t h e s e s  o r  a n g l e  
b r a c k e t s  l e » g , »  < 9 a n > ]  c i t p s  s o m e  o t h e r  p a r t  o f  t h i s  r e p o r t  
a s  i d e n t i f i e d  b y  t h e  s t a t e m e n t  n u m b e r s  p r i n t e d  t o  t h e  r i g h t  
o f  t h e  p a g e .  O n l i n e ,  a  r e a d e r  m a y  c i t e  s u c h  a n  a d d r e s s  a n d  
m o v e  a u t o m a t i c a l l y  t o  t h e  a p p r o p r i a t e  p a r t  o f  t h e  r e p o r t ,  4 c 4 a  

A  n u m b e r  i n  s q u a r e  b r a c k e t s  ( e , g , ,  [ 2 3 )  c i t e s  a  r e f e r e n c e  
t h a t  i s  l i s t e d  a t  t h e  e n d  o f  t h a t  p a r t i c u l a r  s e c t i o n ,  i n  
w h i c h  b i b l i o g r a p h i c  i n f o r m a t i o n  a b o u t  t h e s e  d o c u m e n t s  i s  
s u p p l i e d  i n  t h e  u s u a l  w a y .  E a c h  r e f e r e n c e  i n  t u r n  c i t e s  
t h e  s t a t e m e n t  w h e r e  t h e  r e f e r e n c e  h a s  o r i g i n a l l y  b e e n  
c i t e d ,  T h e  f o u r  o r  f i v e  d i g i t  n u m b e r  a t  t h e  e n d  o f  t h e  
r e f e r e n c e  c i t a t i o n  i t s e l f  i s  t h e  A R C  c a t a l o g  n u m b e r .  A l l  o f  
t h e  d o c u m e n t s  c i t e d  i n  t h i s  r e p o r t  a r e  e i t h e r  o n l i n e  o r  
a r c h i v e d ,  a n d  a n  o n l i n e  r e a d e r  m a y  m o v e  t o  t h a t  f i l e  
a u t o m a t i c a l l y ,  4 c 4 b  

A  g l o s s a r y  o f  N L S - 8  t e r m i n o l o g y  a n d  a s s o c i a t e d  c o n c e p t s  h a s  
b e e n  p u b l i s h e d  1 5 3 ,  

4 c 5  

R E F E R E N C E S  4 d  

[ i ]  ( 4 b 3 e 2 )  M i c h a e l  D.  K u d l i c k ,  N e t w o r k  I n f o r m a t i o n  c e n t e r .  
A u g m e n t a t i o n  R e s e a r c h  c e n t e r »  S t a n f o r d  R e s e a r c h  
i n s t i t u t e ,  M e n l o  P a r k ,  C a l i f o r n i a  9 4 0 2 5 ,  J u n e  1 9 7 5 ,  
( 2 5 0 8 8 , )  4 d l  

( 2 3  ( 4 C l )  ( 4 c 4 b 3  J o h n  B ,  P o s t e l  ( U C L A . N M C ) ,  O f f i c i a l  
i n i t i a l  C o n n e c t i o n  P r o t o c o l  ( D o c u m e n t  N o ,  2 3 ,  N e t w o r k  
i n f o r m a t i o n  c e n t e r ,  A u g m e n t a t i o n  R e s e a r c h  C e n t e r ,  
S t a n f o r d  R e s e a r c h  i n s t i t u t e ,  M e n l o  P a r k ,  C a l i f o r n i a  
9 4 0 2 5 ,  l l - J U N - 7 1 ,  ( 7 1 0 1 , 3  4 d 2  

( 3 3  ( 4 C 1 3  D o u g l a s  C ,  p n g l e b a r t ,  a n d  S t a f f  o f  A R C ,  
C o m p u t e r - A u g m e n t e d  M a n a g e m e n t - S V s t e m  R e s e a r c h  a n d  
D e v e l o p m e n t  o f  A u g m e n t a t i o n  F a c i l i t y ,  A u g m e n t a t i o n  
R e s e a r c h  C e n t e r ,  S t a n f o r d  R e s e a r c h  I n s t i t u t e ,  M e n l o  
p a r k ,  C a l i f o r n i a  9 4 0 2 5 ,  A P R - 7 0 ,  ( 5 1 3 9 , 3  4 d 3  

( 4 3  ( 4 C 1 3  S R I - A R C ,  O n l i n e  T e a m  E n v i r o n m e n t  /  N e t w o r k  
I n f o r m a t i o n  C e n t e r  a n d  C o m p u t e r  A u g m e n t e d  T e a m  

p a g e  1 2  K n o w l e d g e  w o r k s h o p  D e v e l o p m e n t  - •  R e p o r t e d  a s  o f  7 / 7 4  
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4 introduction 

interaction. Augmentation Research center# Stanford 
Research Institute, Menlo Park, California 94025, 
6»MAR«7 3 , (1 3041 ,) 

(5) (4C5) SRI-ARC. NtS-8 Glossary, Augmentation Research 
Center, Stanford Research institute, Menlo Park, 
California 94025, June 1975, (22132,) 
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C h a p t e r  I s  A P P L I C A T I O N  E X P E R I E N C E  

A s p e c t s  o f  A R C ' S  T e c h n o l o g y  T r a n s f e r  S t r a t e g y  
( b y  R i c h a r d  W ,  W a t s o n ,  D o u g l a s  C ,  E n g e l b a r t ,  a n d  J a m e s  C ,  N o r t o n )  

I N T R O D U C T I O N  5 a  

B y  1 9 7 2 #  f o l l o w i n g  t h e  c o n n e c t i o n  o f  t h e  A R C  c o m p u t e r  s y s t e m  
t o  t h e  A R P A N E T  a n d  t h e  e s t a b l i s h m e n t  a t  A R C  o f  t h e  N e t w o r k  
I n f o r m a t i o n  C e n t e r  ( N I C ) #  w e  b e q a n  t o  a c t i v e l y  p l a n  f o r  a n d  
c a r r y  o u t  a n  e x p l i c i t  t e c h n o l o g y  t r a n s f e r  s t r a t e g y  ( 1 3 ,  
P r e v i o u s  e x p e r i e n c e  h a d  i n d i c a t e d  t r a d i t i o n a l  a p p r o a c h e s  t o  
t e c h n o l o g y  t r a n s f e r - - p u b l i s h i n q  p a p e r s  a n d  r e p o r t s #  g i v i n g  
d e m o n s t r a t i o n s  a t  c o n f e r e n c e s  a n d  a t  S R I #  m a k i n g  m o v i e s #  a n d  
g i v i n g  s l i d e  s h o w s  a n d  t a l k s - » w h i l e  u s e f u l #  w e r e  n o t  e n o u g h  
t o  a c h i e v e  t e c h n o l o g y  t r a n s f e r  a t  t h e  r a t e  d e s i r e d ,  
A d d i t i o n a l  m e c h a n i s m s  w e r e  n e e d e d #  p a r t i c u l a r l y #  h a n d s - o n  
e x p e r i e n c e  b y  t a r g e t  g r o u p s .  T h i s  c h a p t e r  o u t l i n e s  s o m e  o f  
t h e  a d d i t i o n a l  m e c h a n i s m s  b e i n g  u s e d  a n d  c o n s i d e r a t i o n s  f o r  
t h e i r  s e l e c t i o n ,  S a l  

D i s c u s s i o n  5 a 2  

A t  t h e  h e a r t  o f  o u r  v i e w s  o n  t e c h n o l o g y  t r a n s f e r  i s  t h e  
b e l i e f #  b a s e d  o n  e x p e r i e n c e #  t h a t  t h e  t y p e  o f  i n f o r m a t i o n  
s y s t e m  w e  a r e  d e v e l o p i n g  c a n  o n l y  b e  d e v e l o p e d  a n d  e v o l v e  i n  
a n  e n v i r o n m e n t  w i t h  r e a l  u s e r s  d o i n g  t h e i r  e v e r y d a y  w o r k  o n  
t h e  s y s t e m , ,  w e  a t  A R C  h a d  b e e n  t h e  p r i m e  u s e r s  o f  t h e  s y s t e m  
o v e r  t h e  f i r s t  d e c a d e  o f  i t s  d e v e l o p m e n t #  b u t  i n  t h e  l a s t  
t h r e e  y e a r s  h a v e  b e g u n  t o  s e r i o u s l y  e n l i s t  o u t s i d e  u s e r s  f r o m  
a  v a r i e t y  o f  o r g a n i z a t i o n s .  T h e  i m p o r t a n c e  o f  o b t a i n i n g  
v i e w s  a n d  f e e d b a c k  f r o m  t h e  u s e r s  w i t h  a  v a r i e t y  o f  n e e d s  
f r o m  m a n y  o r g a n i z a t i o n a l  e n v i r o n m e n t s  i s  v i t a l  t o  t h e  o n g o i n g  
h e a l t h y  e v o l u t i o n  o f  a  f l e x i b l e  a n d  g e n e r a l - p u r p o s e  k n o w l e d g e  
w o r k s h o p .  B a s e d  o n  t h i s  p r e m i s e ,  w e  h a v e  t a k e n  f o u r  s t e p s ?  5 a 3  

1 )  w e  o r g a n i z e d  o u r  i n t e r n a l  a c t i v i t i e s  d u r i n g  t h i s  c o n t r a c t  
p e r i o d  i n t o  t h r e e  a r e a s  t h a t  w e  c a l l ;  

a )  A n a l y s i s  
b )  D e v e l o p m e n t  
c )  A p p l i c a t i o n s  5 a 4  

T h e  f u n c t i o n i n g  o f  t b e s e  t h r e e  p a r t s  a s  a  h a r m o n i o u s  w h o l e  

p a g e  1 4  K n o w l e d g e  W o r k s h o p  D e v e l o p m e n t  --  R e p o r t e d  a s  o f  7 / 7 4  
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I  A p p l i c a t i o n  E x p e r i e n c e  
5  T e c h n o l o g y  T r a n s f e r  

c o n s t i t u t e s  o u r  r e s e a r c h  p r o c e s s .  D e v e l o p m e n t  c r e a t e s  n e w  
u s e r  f e a t u r e s ,  s y s t e m  o r g a n i z a t i o n s ,  a n d  u s a g e  m e t h o d o l g y  
b a s e d  o n  e x p e r i e n c e  a n d  a n t i c i p a t e d  n e e d s ,  A p p l i c a t i o n s  
p r o v i d e s  c o m p u t e r  a n d  o t h e r  s e r v i c e s ,  s u c h  a s  t r a i n i n g  t o  
r e a l  u s e r s ,  b o t h  i n t e r n a l l y  w i t h i n  t h e  p r o j e c t  a n d  t o  
o u t s i d e  g r o u p s .  A n a l y s i s  s t u d i e s ,  a t  m a n y  l e v e l s ,  t h e  
o n g o i n g  s y s t e m  e v o l u t i o n a r y  p r o c e s s ,  5 a 4 a  

2 )  W e  h a v e  s e t  u p  a n  A P P A N E T - c o n n e c t e d  f a c i l i t y  m a n a g e d  b y  
T y m s h a r e  a t  t h e i r  C u p e r t i n o ,  C a l i f o r n i a #  c o m p u t e r  c e n t e r  t o  
s e r v e  a s  a  r e l i a b l e  u t i l i t y  f o r  d e l i v e r y  o f  w o r k s h o p  c o m p u t e r  
s e r v i c e s  d e v e l o p e d  a t  A R C  a n d  e l s e w h e r e .  T h e  p r e s e n t  P D P - 1 0  
s y s t e m  i s  c a l l e d  o f f i c e - i  a n d  i s  a c c e s s i b l e  t h r o u g h  t h e  
A R P A N E T  a n d  d i r e c t l y  t h r o u g h  l o w - s p e e d  o r  h i g h - s p e e d  p h o n e  
l i n e s .  A s  p a r t  o f  t h e  d e l i v e r y  s y s t e m  w e  h a v e  a l s o  d e v e l o p e d  
a  l o w - c o s t  u n i t  c a l l e d  a  L i n e p r o c e s s o r  ( n o w  c o m m e r c i a l l y  
a v a i l a b l e )  t o  s u p p o r t  t h e  d i s p l a y  v e r s i o n  o f  N L S  f r o m  
l o w - c o s t  c o m m e r c i a l l y  a v a i l a b l e  a l p h a n u m e r i c  C R T s  [ 2 ] ,  S a b  

T h e  a b i l i t y  t o  o f f e r  r e l i a b l e  c o m p u t e r  s e r v i c e  i s  c r u c i a l  
t o  t h e  D e v e l o p m e n t - A p p l i c a t i o n - A n a l y s i s  s t r a t e g y ,  S t a f f  
a n d  f a c i l i t i e s  w i t h  t h e  k n o w - h o w  a n d  m o t i v a t i o n  t o  c r e a t e  
s u c h  a  f a c i l i t y  a r e  n o t  e a s i l y  m a i n t a i n e d  b y  a  h i g h l y  
D e v e l o p m e n t -  a n d  A p p l i c a t i o n - o r i e n t e d  o r g a n i z a t i o n  s u c h  a s  
A R C ,  T h e r e f o r e ,  a n  i m p o r t a n t  d e c i s i o n  w a s  m a d e  i n  1 9 7 2  t o  
s u b c o n t r a c t  c o m p u t e r  f a c i l i t y  m a n a g e m e n t  t o  a  c o r p o r a t i o n  
l i k e  T y m s h a r e  t h a t  h a s  t h e  s t a f f  a n d  p h y s i c a l  f a c i l i t i e s  
f o r  p r o v i d i n g  t h e  n e e d e d  s e r v i c e s ,  T y m s h a r e  i s  r e s p o n s i b l e  
f o r  h a r d w a r e  a n d  o p e r a t i n g  s y s t e m  r e l i a b i l i t y ,  A R C  i s  
r e s p o n s i b l e  f o r  a l l  s e r v i c e s  a t  h i g h e r  l e v e l s ,  5 a 5 a  

T h i s  h a s  b e e n  a  v a l u a b l e  a n d  t r e n d - s e t t i n g  m o v e  w i t h i n  t h e  
A R P A  R & D  c o m p u t e r  c o m m u n i t y ,  S a S b  

3 )  w e  a r e  a s k i n g  e a c h  s u b s c r i b i n g  o r g a n i z a t i o n  t o  p r o v i d e  
w h a t  w e  a r e  c a l l i n g  a  " w o r k s h o p  a r c h i t e c t , "  w h o s e  p r i m e  
l o y a l t y  i s  t o  t h e  u s i n g  o r g a n i z a t i o n  ( p r e f e r a b l y  a  p e r s o n  
f r o m  t h e  u s i n g  o r g a n i z a t i o n ,  a l t h o u g h  w e  w i l l  p r o v i d e  a  
p e r s o n  f o r  t h a t  r o l e  i f  n e c e s s a r y )  t o  p l a n  a n d  c o n d u c t  a  
s t a g e d  e v o l u t i o n  o f  t h e  t e c h n o l o q y  a n d  t r a i n i n g  a p p r o p r i a t e  
t o  h i s  o r g a n i z a t i o n ,  5 a 6  

T h e  i m p o r t a n c e  t o  s u c c e s s f u l  t e c h n o l o g y  t r a n s f e r  o f  h a v i n g  
a  p e r s o n  w i t h i n  t h e  t a r g e t  o r g a n i z a t i o n  w h o  i s  f a m i l i a r  
w i t h  h i s  o r g a n i z a t i o n ' s  n e e d s  a n d  t h e  o u t s i d e  t e c h n o l o g y  
h a s  b e e n  c l e a r l y  d e m o n s t r a t e d  i n  t h e  w o r k s  o f  A l l e n  
t 3 ] [ 4 ] [ 5 J l 6 J [ 7 ] t  A l l e n  h a s  c a l l e d  s u c h  a  p e r s o n  a  

K n o w l e d g e  W o r k s h o p  D e v e l o p m e n t  - -  R e p o r t e d  a s  o f  7 / 7 4  p a g e  1 5  
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gatekeeper, and has shown that most technology transfer 
occurs through such people, usually operating on an 
informal basis. We are trying to formalize and make 
explicit this role, 5a6a 

On the ARC side we have created the roles of architect 
liaison »» whose function is to help define and shape the 
subscribing organization's basic level of service? and 
applications liaison -- who assists in developing those 
specific applications suitable to each client. Both are to 
be generally knowledgeable about ARC technology and outside 
user needs, It is across these overlapping liaison and 
workshop architect roles that we hope to achieve effective 
transfer, while being supported by other technical, 
analysis, and training personnel as well, 5a6b 

4) The technology was originally developed on the assumption 
that it would be used as the everyday working environment of 
its users and that therefore the users would quickly be of 
the expert category. Experience has shown that a) it will 
probably be some time before this is the case, and b) even 
where it becomes the case, there is a critical transfer 
phase. Therefore, we have begun during the past year to pay 
mgch more attention to levels of documentation, usage 
scenarios, help, novice language features, etc., to provide a 
spectrum of functions from new to experienced users, 5a7 

Our experience indicates that conscious attention to 
technology transfer by an R&D group affects: 5a8 

A) its organizatlonal structure 5a8a 

B) The types of skills and roles needed 5a8b 

C) Its R&D strategy, 5a8c 

LET US NOW LOOK AT THE FIVE TECHNOLOGY TRANSFER ISSUES THAT 
LEAD TO THESE STEPS: 5b 

1) Need for demand pull versus technoloay push 5bl 

We feel that successful transfer takes place only when a 
real need is met, Just to have a clever new toy is not 
sufficient for a technology to stick, It must meet a real 
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need at a cost appropriate to the user's value in order for 
transfer to be realized, Sbla 

This need to understand real needs in the outside world and 
to try to determine how well we are providing value leads 
to the creation of an Analysis function to study needs and 
analyze how well we are meeting them, we brought in an 
experienced operations research person with little interest 
in the technology as a thing in itself to provide this 
perspective, 

Because of changes in funding levels and pressing needs for 
trained personnel within the Applications group, we have 
temporarily halted the Analysis function. Recruiting 
people with the appropriate interests, training, 
experience, and motivation for the important Analysis 
function is a difficult taste, it is a highly 
interdisciplinary function and is not easily filled by the 
present orientations of academic computer science, 
operations research, or psychology departments, 5bib 

Usage by real users with work; and applications to do other 
than build the NLS system is providing us with the feedback 
and contact with real needs that we feel are necessary to 
help us operate more on the need-pull side of the 
technology pull-push spectrum, Sblc 

2) one has to know where one is with respect to the two 
questions: 5b2 

Is one trying to show something is feasible? OR 

Is one trying to show something meets a need and should be 
continued? 

We feel the former was accomplished and that we are in the 
latter area, thus requiring a shift in emphasis from 
technology-push to need-pull, 5b2a 

3) The ease of technology transfer is proportional to the 
risk and cost to the user in terms of total system# 
organization, work habit# and training he has to undergo to 
adopt the new tecnnology. Technology transfer has been 
described as more of a oattle than just a matter of 
communicating an idea, Our experience confirms this view, 5b3 

To meet this issue we are asking user organizations not to 

Knowledge workshop Development -- Reported as of 7/74 page 17 
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I  A p p l i c a t i o n  E x p e r i e n c e  
5  T e c h n o l o g y  T r a n s f e r  

t r y  t o  a d o p t  o u r  t e c h n o l o g y  o n  a  b r o a d  s c a l e ,  b u t  t o  f i n d  a  
s u b g r o u p  t o  t r y  f i r s t ,  l e a r n  t h e  a d v a n t a g e s  a n d  p r o b l e m s ,  
a n d  t h e n  d e v e l o p  p e o p l e  t r a i n e d  i n  i t s  u s e  t o  t a k e  t h e  n e x t  
s t e p s ,  5 b 3 a .  

4 )  T r a n s f e r  o f  o u r  t y p e  o f  t e c h n o l o g y  i s  m o s t ,  s u c c e s s f u l  b y  
t r a n s f e r  o f  p e o p l e .  S t u d i e s  a t  M I T  o f  d e v e l o p m e n t s  d o n e  a t  
M I T  a n d  t h e i r  t r a n s f e r  t o  i n d u s t r y  f o u n d  t h a t  o n  t h e  o r d e r  o f  
9 0 %  o f  t h e  s u c c e s s f u l  t r a n s p l a n t s  w e r e  a c h i e v e d  b y  s t u d e n t s  
o r  f a c u l t y  g o i n g  t o  w o r k  f o r  t h e  o r g a n i z a t i o n ,  o b t a i n i n g  a n  
u n d e r s t a n d i n g  o f  t h e  o r g a n i z a t i o n ' s  p r o b l e m s ,  a n d  t h e n  
b r i n g i n g  i n  t h e  t e c h n o l o g y  h e  w a s  f a m i l i a r  w i t h ,  5 b 4  

I n d u s t r i a l  f i r m s  t r a n s f e r  m a n y  o f  t h e i r  p e o p l e  p e r i o d i c a l l y  
f o r  j u s t  t h e s e  r e a s o n s .  

I t  i s  n o t  e a s y  t o  t r a n s f e r  p e o p l e  f r o m  S B  I  t o  o u t s i d e  
g r o u p s ,  n o r  d o  w e  h a v e  e n o u g h  p e o p l e  t o  d o  t h a t ,  T h i s  
p r o b l e m ,  w h e n  c o u p l e d  w i t h  t h e  m o t i v a t i o n  o f  t h e  g a t e k e e p e r  
c o n c e p t ,  s u p p o r t s  o u r  e s t a b l i s h m e n t  o f  t h e  w o r k s h o p  
a r c h i t e c t  r o l e  1 3 ] f 4 ] [ 5 ] [ 6 ] C 7 ] ,  5 b 4 a  

I n  t h e  f u t u r e  w h e n  w e  h a v e  o u r  e x p e r i m e n t  o f f  t h e  g r o u n d ,  
w e  m a y  t r y  t o  t r a n s f e r  A R C  p e o p l e  t o  u s e r  g r o u p s  f o r  s i x  
m o n t h s  t o  o n e  y e a r ,  a n d  v i c e  v e r s a .  F o r  t h e  p a s t  t h r e e  
m o n t h s  a n d  f o r  t h e  c o m i n g  m o n t h s ,  w e  h a v e  s t a t i o n e d  o n e  A B C  
p e r s o n  i n  W a s h i n g t o n ,  D , C , ,  w h e r e  a  n u m b e r  o f  N L S  u s e r  
o r g a n i z a t i o n s  a r e  c l u s t e r e d ,  t o  p r o v i d e  a n  a p p r o x i m a t i o n  o f  
s u c h  a  r o l e ,  W e  h a v e  f o u n d  t h i s  c l o s e  c o n t a c t  u s e f u l  a n d  
i m p o r t a n t  t o  t h e  t r a n s f e r  p r o c e s s .  

W e  w o u l d  l i k e  i n t e r n a l l y  t o  m o v e  o u r  p e o p l e  t h r o u g h  t h e  
D e v e l o p m e n t ,  A n a l y s i s ,  a n d  A p p l i c a t i o n  a r e a s  t o  h e l p  t h e m  
o b t a i n  s e v e r a l  p o i n t s  o f  v i e w ,  a s  o u r  t e c h n o l o g y  t r a n s f e r  
e f f o r t  m a t u r e s ,  5 b 4 h  

5 )  T o  t r a n s f e r  a  s y s t e m  s u c h  a s  o u r s ,  a n d  e v e n  m a n y  o f  i t s  
i d e a s *  r e q u i r e s  m u c h  m o r e  t h a n  p u b l i s h i n g  p a p e r s  a n d  r e p o r t s ,  
O n e  n e e d s  a  g u t  f e e l i n g  t h a t  o n l y  a  d e m o n s t r a t i o n  o r ,  b e t t e r  
y e t ,  h a n d s - o n  e x p e r i e n c e  c a n  g i v e .  T h i s  h a s  l e d  u s  t o  
e n c o u r a g e  v i s i t o r s  t o  A R C  a n d  t o  s e t  u p  t h e  N L S  u t i l i t y  t o  
p r o v i d e  s e r v i c e  t o  r e a l  u s e r s ,  O n e  p r o b l e m  w e  h a v e  f a c e d  i s  
t h e  t a s k  o f  f i n d i n g  s u i t a b l e  l o w - c o s t ,  c o m m e r c i a l l y  a v a i l a b l e  
d i s p l a y  t e r m i n a l s  f o r  N L S  u s e .  T h u s ,  m o s t  o u t s i d e  u s e r s  t o  
d a t e  h a v e  h a d  t o  u s e  t h e  t y p e w r i t e r  v e r s  i o n ,  w h i c h  h a s  q u i t e  
d i f f e r e n t  u s e r  c h a r a c t e r i s t i c s  a n d  f e e l  f r o m  t h e  d i s p l a y  
v e r s i o n  t h e y  s e e  i n  u s e  a t  A R C ,  T o  m a k e  t h e  d i s p l a y  v e r s i o n  

p a g e  1 8  K n o w l e d g e  W o r k s h o p  D e v e l o p m e n t  - -  R e p o r t e d  a s  o f  7 / 7 4  
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more widely available# we have developed a special 
microcomputer-based box for use with commercially available 
alphanumeric terminals that enables them to be used without 
modifications as true two-dimensional display NLS 
workstations [2], 5bb 

CONCLUSIONS 5C 

Experience to date indicates that the elements of a 
technology transfer strategy have put us on the right track, 
although there is much yet to be learned about the process, 
It has shown us that technology transfer can be made an 
explicit, conscious process and that the efficiency and 
effectiveness of technology transfer can be improved as a 
result. 

5c 1 

REFERENCES 5d 

in 
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(5A2) Douglas C, Fnoelbart, Richard H, watson# James C, 
Norton, The Augmented Knowledge workshop, In AFlPS 
Proceedings# Voi, 42, 1973 National Computer 
Conference# pp. 9-21, 1973, (14724#) 5dl 

C5A6) (5b5) Don I, Andrews, Lineprocessor! A Device for 
Amplification of Display Terminal Capabilities for 
Text Manipulation, in proceedings of the National 
Computer Conference# 1974# p, 257-265, (20184#) 5d2 

[31 (5A7a) C5b4a) Thomas Allen, Technology transfer to 
developing countries' The International Gatekeeper# 
In ASIS Proceedings# Vol, 7, The Information 
Conscious Society, 33rd Annual Meeting# 1970, p, 
205-210, (13959,) bd3 

[4] (5A7a) (5b4a) Thomas Allen, Technology transfer to 
developing countries! The International Gatekeeper, 
Massachusetts Institute of Technology, Feb-71, 
(13859,) 

153 (5A7a) (5 b 4 a) Thomas Allen, Roles in Technical 
Communication Networks, Massachusetts Institute of 
Technology, 1970, (13977,) 5d5 
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NLS-9 ARGUMENT CONVERSION 

INTRODUCTION 

The following brief note describes how arguments from the 
Command Language interpreter (CLI) are currently being 
transformed within the middle-end for the NLS-9 tool. It is 
assumed the reader is familiar with "The Middle End: A protocol 
interface" (MJOURNAL,26694,1:wh), 

arguments are passed from the 
) to the NLS Rack End, Each 
at, This is converted to a 
le-end, which is in turn 
the NLS specific argument 
table gives the pep format of 

the arguments as generated by 
If the argument is not one of 
verted from PCP format to a 
defined by the middle-end, 
of square brackets U, are 

NLS ARGUMENT CONVERSION 

The following table describes how 
Command Language Interpreter (CLI 
argument is passed in PCPB36 form 
standard L1011 format by the midd 
examined and perhaps modified by 
conversion routine. The following 
the arguments, and the format of 
the argument conversion routine, 
the following the argument is con 
default 11011 representation, as 
List elements which appear inside 
optional, 

Command words, or : 

PCP; 

LIST (INDEX %Command word number%, CHARSTR %Command 
Word%) 

NLS: 

LIST (INDEX %Command word number%, LITERAL %Command 
Word%) 

Command Word with zero value, or #"UNDEFINEDSTRLNG" where 
UNDEFINEDSTRING is any string which has the value 0 associated 
with it, 

PCp: 

CHARSTR 

NLS; 

STRING 

1 

la 

lai 

lb 

lbi 

!b2 

lb2a 

lb2a 1 

lb2b 

lb2bl 

lb 3 

lb3a 

lb3al 

lb 3b 

1 b3b 1 

i 
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CML user typein; LSEL, or 5SEL with OPTION TYPEIN *b4 

PCP; 1 b4a 

LIST (INDEX %Entity type%, CHARSTR %user typeln%) lb4al 

NLS: lb4b 

LIST (INDEX %Entity type!, LITERAL %user typein!, INTEGER 
! window-id!) lb4b 1 

CNL address selection? SSEL, DSEL or LSEL with OPTION ADDRESS ib5 

PCP? Ib5a 

LIST (INDEX !1 -> Address expression!, INDEX %Entity 
type!, CHARSTR %Address expression%(, CHARSTR !Address 
expression!), INTEGER %Windowid% ) lbbal 

NLS? lb5b 

LIST (INDEX %Entity type%, ENTITY %Selected Entity!, 
INTEGER %window-id%) IbSbi 

CML point selection? SSEL, DSEL, or perhaps an LSEL of an 
Entity type unknown to the front-end, lh6 

PCP? lb6a 

LIST( INDEX %2 *•> point se!ection% , INDEX %Entity type!, 
*PCI NT, f*POINT] ) lbfeal 

Where *POINT is shorthand for lbfea? 

LIST (INTEGER %windowid% , INTEGER %string-id% , 
INTEGER %line-segment-id% ,INTEGER %cnaracter count!) 
/ CHARSTR %address expression! Ib6a2a 

NLS? 1b6b 

LIST (INDEX %Entity type!, ENTITY ^Selected Entity!, 
INTEGER %window-id%) lb6bl 

VIEWSPECS lb7 

PCP? LB7A 

LIST (INDEX %48 -> viewspecs%, CHARSTR %viewspec string!, 
INTEGER %window»id%) tb7al 

2 
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NLS s lb7b 

BLOCK %address of block containing updated viewspec words 
(2 words)% lb7bl 

LEVELADJUST lb8 

PCP: Ib8a 

LIST (INDEX %49 -> leveladjust%, CHARSTR %leveladjust 
string%) lb8al 

NLS! Ib8b 

INTEGER %relative level count% IbRbl 

NLS ENTITIES 1c 

Tbe following Command words are defined as selectors in NLS, As 
such they are valid arguments to LSEL's, SSEL's, and DSEL's, 
They define the entity types recoqnized by the NLS Back »End, lcl 

"TEXT" = 1 SELECTOR = TEXT , tela 

"CHARACTER" s 2 SELECTOR s CHARACTER, Iclb 

"WORD" = 3 SELECTOR = WORD, lclc 

"VISIBLE" = 4 SELECTOR * VISIBLE, Icld 

"NEWFILENAHE"r6 SELECTOR « TEXT , Icle 

"OLDFILENANE" = 7 SELECTOR = TEXT , Iclf 

"INTEGER" = 8 SELECTOR = INTEGER, lclq 

"NUMBER" = 9 SELECTOR e INTEGER, Iclh 

"PASSWORD" s 10 SELECTOR = PASSWORD, lCli 

"INVISIBLE": 11 SELECTOR = INVISIBLE, ldj 

"FILENAME" = 12 SELECTOR = TEXT , Iclk 

"BRANCH" = 26 SELECTOR lcU 

POINT = pbranch TYPEIN = TEXT ADDRESS = TEXT, lclII 

"GROUF" =27 SELECTOR Iclm 

3 
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POINT = pgroup TYPFIN s TEXT ADDRESS a TEXT , 

"PLEX" = 28 SELECTOR 

POINT a pplex TYPEJN = TEXT ADDRESS = TEXT, 

"STATFWENT" = 29 SELECTOR * STRING, 

"LINK" * 30 SELECTOR = TEXT %ShQUld be FILENAME*, 

"NAME" s 32 SELECTOR a WORD, 

The entity types which have SELECTOR = an uppercase 
identifier, for example SELECTOR = CHARACTER, are selectable by 
the front-end CLI, This means that if a command has an LSEL of 
type WORD for example and the user points to a word on the 
screen, the CLI will pick out the selected word and pass it on 
to the tool as if the user had typed the word in. The other 
entity types are meaningful only to the particular tool 
involved, in this case NLS, 

L1011 LIST ITEM TYPES 

Each L1011 List element has a descriptor associated with it , 
One field of this descriptor, the ledubv field, contains a type 
code for the element. The following table gives the list 
element types used by the MLS Back End, For each type the 
actual value of the ledubv field is given in terms of built-in 
constants. The value returned by the construct ELEM#list#[i] is 
also given, 

INTEGER 

ledubv: uinteg 

ELEM #list#fi]: The value of the integer 

INDEX 

ledubv: uindex 

ELEM #llst#[i): The value of the index 

BOOLEAN 

ledubvj uboole 

Eli EM # list# [11 : 1 or 0 (TRUE or FALSE) 

iclml 

lc In 

iclnl 

lc I o 

lclp 

iclq 

1 C 2 

Id 

ldl 

1 d2 

1 d2a 

1 d2b 

ld3 

1 d3a 

1 d 3b 

1 d4 

1 d4a 

i d4b 

4 
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S T R I N G  1 « J 5  

l e d u b v ?  u s t r i n  l d 5 a  

E L E M  # l i s t # C i ] ?  a d d r e s s  o f  t h e  s t r i n g  I d b b  

B I T S T R I N G  l d 6  

l e d u b v ?  u b i t s t  l d 6 a  

E L E M  # l i s t # t i 3 ?  a d d r e s s  o f  a  b l o c k ,  T h e  f i r s t  w o r d  o f  t h e  
b l o c k  c o n t a i n s  a  b i t  c o u n t *  n ,  T h e  s u c c e e d i n g  ( n + 3 5 / 3 6 )  
w o r d s  c o n t a i n  t h e  b i t s t r i n g ,  p a d d e d  t o  t h e  r i g h t  w o r d  
b o u n d a r y  w i t h  z e r o ' s ,  l d 6 b  

L I T E R A L  l d 7  

l e d u b v ?  u t p s b l  l d ? a  

E L E M  # l i s t # f i ] ?  a d d r e s s  o f  a  b l o c k .  T h e  f i r s t  f o u r  w o r d s  o f  
w h i c h  c o n t a i n  t w o  t e x t  p o i n t e r s  w h i c h  p o i n t  t o  t h e  b e g i n n i n g  
a n d  e n d  o f  a n  L 1 Q 1 1  s t r i n g ,  f o l l o w e d  b y  t h e  L l O l i  s t r i n g ,  1 d 7 b  

E N T I T Y  l d 8  

l e d u b v ?  u t p b l o  l d 8 a  

E L E M  # i i s t #  t i l ?  a d d r e s s  o f  a  b l o c k  o f  f o u r  w o r d s  w h i c h  
c o n t a i n  t w o  t e x t  p o i n t e r s  w h i c h  p o i n t  t o  t h e  b e g i n n i n g  a n d  
e n d  o f  a n  e n t i t y  w i t h i n  a n  N L S  f i l e ,  l d 8 b  

B L O C K  1 d 9  

l e d u b v ?  u b l o c k  l d 9 a  

E L E M  # X i s t #  f i l ?  a d d r e s s  o f  t h e  b l o c k ,  i d 9 b  

N U L L  1 d 1 0  

l e d u b v :  u n u l l  I d i O a  

E L E M  #  l i s t  H i  ] ?  0  I d l O b  

L I S T  1  d 1 1  

l e d u b v ?  u l i s t  I d i l a  

E L E M  J f l i s t t t i ] ?  a d d r e s s  o f  t h e  l i s t ,  I d l l b  

5 
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FILES 

The file (nine,nisacnv,nls*) contains the source code for the 
NLS argument conversion. The tile (nine*madata,nls*) contains 
global data used by the argument conversion procedures, 

PCPR36 

The protocols used by NLS nine make use of the PCPB36 encoding 
for passing arguments and results, PCPR36 provides a method of 
encoding typed data strucyures sequitially into 36 bit words, 
Each PCPP36 data element has a header which contains among 
others the fileds pcptype and pcplen. The pcptype filed qives 
the type of the element* the meaning of thepcplen field depends 
upon the data type, The following table gives the PCP types and 
describes their encoding, 1 f1 

1 (EMPTY) lf2 

PCPLEN: 0 lt2a 

Successive words: none 1f?al 

2 (BOOLEAN) f*3 

PCPLEN: i or 0 (TRUE or FALSE) if 3a 

Successive words: none lf3al 

3 (INDEX) lf4 

PCPLEN; i (Value of index; in the range ti to 2**15-1]) lf4a 

Successive words: none l£4al 

4 (INTEGER) 1*5 

PCPLEN; 0 If5a 

Successive words: value (1 full word two's complement) Ifbal 

5 (BITSTP) lff> 

PCPLEN: n (bit count) l£6a 

Successive words: (n+35)/36 words containing bit string 
(padded to right word boundary with zero's) Ifbal 

6 (CHARSTF) 1*7 

6 
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PCPLEN: n (character count) l£7a 

Successive words: (n+4)/56 words containing ASCII strinq 
(padded to right word boundary with zero's) lf7al 

7 (LIST) lf8 

PCPLEN: n (element count) lt8a 

Successive words: n PCPB36 elements ifSal 

7 
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Debugging User subsystems in NLS-9 1 

Introduction la 

A user subsystem is a grammar for the CLI which communicates 
with an existing instance of the NLS-9 Back-End, The CLI will 
provide a parsefuction which will provide a grammar state 
switch, without switching Back-End context, Another 
parsefunction will return the user to his previous grammar. 
This facility within the CLI will be used for those NLS 
Subsystems which do not easily fit into the model of a separate 
NSW tool. This note describes a facility for loading the 
Back-end components of such a subsystem into the NLS program 
buffer. This should allow programmers to begin debugging user 
subsystems without the pain and cost of constantly loading new 
NLS Back Ends, lal 

Grammars: lb 

Until the parse functions described above are available each 
user subsystem desiqner will have to maintain his own copy of 
tne "NLS Grammar", This should not be a problem because these 
grammars should for the most part be mutually exclusive, I 
suggest that the file <nine,nlsgram,> be maintained as the BASE 
subsystem grammar. Subsystem designers should maintain their 
own copies of the source and object file for the grammar for 
their particular subsystem, The grammar for each user subsystem 
should contain the "LOAD PROGRAM" Command, This command may be 
copied out of <nine,nlsdram,>, The following sequence should 
then allow you to debug your subsystem grammar andbackend, lbl 

Connect to directory relnine, lbla 

Rename (or copy) your grammar file to be exec,gram lblb 

run messg lblc 

give the command "LOAD PROGRAM (mydir,myxroutines,subsys,)" Ibid 

This win load the back-end support object fne into the 
NLS programs buffer and update the dispatch tables in the 
middle-end, One can then give other commands in the 
grammar which call procedures within the back-end support 
object file, lbldl 

Subsystems: lc 

To make a file containing the L10 code tor a user subsystem 

1 
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into a file which can be loaded into the program buffer one 
must do two thinqsj Icl 

1) include a declaration of a variable whose name is the 
same as the file name. This variable should contain a table 
specifing the external names for externally callable 
procedures, lcla 

2) Compile the file to an object file called 
filename,subsys, Here filename is the name appearing on the 
FILE statement* and the name of the variable containing the 
procedure name table, iclb 

EXAMPLE! Ic2 

FILE xuo %(arcsubsys*xliO,) to (maynard,xuo,subsys,)% lc2a 

%Package table » defines externally callable procedures?; lc2b 

(xuo)% - ( iC2bl 

S"XUOCGNTCHAR"* $xuocontchar* lc2bla 

$"XUOCURCQN"* Sxuocurcon, lc2bib 

$"XUODSPLY"* SXUodsply, ic2bic 

0,0)? 1c2b t d 

%0ther globals used by the subsystem? lc2c 

DECLARE STRING msg[200]! Ic2cl 

DECLARE pt FEF! 1C2C2 

% xroutines and support routines% lczd 

(xuocontchar) PROCEDURE lc2dl 

(device REE %for which device?, lc2dla 

cont REF, %which control? lc2dlb 

char REF, %characters? lc2dlc 

echo REF); Ic2dld 

#msg* _ STRING(ELEM#device# Ci]) , SP, 
STRING(ELEM#cont#tl))! Ic2dldl 

2 



Debugolng User subsystems in. NLS»9 
DSM 23"OCT*75 23519 26745 

&pt „ ELEM#char#C21 ; 

*rosg# _ *msg* , SP , SF(pt) SE(pt); 

&pt - ELFM#echo#[21; 

*msq* *msg* , SP , SF(pt) SE(pt); 

dismes(1,Smsg); 

RETURN; 

END, 

(xuocurcon) PROCEDURE (length REF); 

&pt - ELEM#length#(23; 

%as long as numbers are passed as text % 

*msg* "curcon " # SF(pt) SE(pt) ; 

dismes(1,Smsg); 

RETURN; 

END, 

(XUOdSply) PROCEDURE 

(type REF, %right margin or vraparound% 

margin REF Icolumn for type%)$ 

&pt _ ELEM#margin#(2J; 

*msg* _» "dsply STRING(EtiEM#type# 11 ]) * SP » 
SE(pt) SE(pt) ; 

dismes(1,Smsq); 

RETURN; 

END, 

FINISH Of XUO 

1 c 2 d 1 d 2 

1c2d1d3 

Ic2did4 

1 c 2 d 1 d 5 

ic2dldb 

1 c2d1e 

1 c 2 d 2 

1C 2 d 3 

Ic2d3a 

Ic2d3al 

1 c 2 d 3 b 

Ic2d3c 

Ic2d3d 

1 c2d4 

lc2d5 

Ic2d5a 

1C2d5b 

1 c2d5b1 

Ic2dbb2 

1 c2dbb 3 

1C 2 d 5 c 

1 C2d6 

lc2e 
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A pot-luck xmas party sounds great to me. Count me In 
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D e m o  P l a n n i n g  C h e c k  L i s t  

W e  n e e d  c e r t a i n  i n f o r m a t i o n  i n  p l a n n i n g  f o r  a n y  d e m o n s t r a t i o n  o f  N I S ,  
T h e  m o r e  t i m e  w e  h a v e  f o r  p l a n n i n g  t h e  b e t t e r  t h e  d e m o n s t r a t i o n  w i l l  
b e ,  w e  c a n  o n l y  d o  a  r e a s o n a b l e  j o b  i f  w e  h a v e  s o m e  i n f o r m a t i o n  
a b o u t  t h e  f o l l o w i n g :  1  

W h o  w i l l  b e  p r e s e n t  l a  

W h a t  i s  t h e  n a t u r e  a n d  i n t e r e s t  l e v e l  o f  t h e  a u d i e n c e  l a l  

B e s t  w o u l d  b e  a  l i s t  o f  a t t e n d e e s  w i t h  t h e  t e c h n i c a l  
s p e c i a l i t y  a n d  o r g a n i z a t i o n a l  a f f i l a t i o n  o f  e a c h  a t t e n d e e  
i n d i c a t e d ,  l a l a  

H o w  m a n y  w i l l  a t t e n d  a n d  i n  w h a t  s i z e d  q r o u p s  t a 2  

T h e  m a x i m u m  n u m b e r  o f  o b s e r v e r s  f o r  a  d e m o n s t r a t i o n  a t  o n e  
N L S  w o r k  s t a t i o n  I s  5 ,  l a 2 a  

W h e n  i s  t h e  d e m o  l b  

d a t e s  a n d  t i m e s  I b l  

W h e r e  w i l l  i t  b e  1 c  

r o o m ,  b u i l d i n g ,  a d d r e s s ,  c i t y ,  s t a t e  l e i  

W h a t  i s  t h e  r o o m ( s )  l i k e  I d  

S i z e  ( n u m b e r  o f  p e o p l e  i t  h o l d s ,  p h y s i c a l  d i m e n s i o n s ) ,  
F u r n i s h i n g  ( t a b l e s ,  c h a i r s ,  c a r p r t s ,  w i n d o w s )  t d l  

W h a t  a u d i o  v i s u a l  e q u i p m e n t  i s  a v a i l a b l e  l e  

h o w  m a n y  N L S  w o r k  s t a t i o n s  l e i  

s l i d e  p r o j e c t o r  a n d  s c r e e n  ( s i z e )  l e 2  

m o v i e  p r o j e c t o r  l e 3  

v i d e o  m o n i t o r s  s l a v e d  t o  N L S  w o r k  s t a t i o n s  l e 4  

w h i c h  c o m p u t e r s  w i n  b e  a v a i l a b l e  I f  

W e  n e e d  t o  d i s t r i b u t e  a l l  f i l e s  n e e d e d  f o r  t h e  d e m o  t o  a t  l e a s t  
t w o  a n d  h o p e f u l l y  t h r e e  m a c h i n e s  I f l  

w h a t  W o r k  s t a t i o n  e q u i p m e n t  c a n  w e  c o u n t  o n  l g  

h o w  m a n y  N L S  w o r k  s t a t i o n s  i g l  

1 
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When will equipment be installed and ready tor testing 192 

How much time is allotted to NLS-8, Graphics, NLS-.9 ID 

Are hard copy displays desired li 

These are particularly important in the documentation and 
docoument production areas as it will be difficult to convey 
even a notion ot the finished product with an on line demo, lil 

Will we have a dress rehearsal with other contactors 11 

Who is coordinating the effort Ik 

2 
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This is a revised version of my earlier note and includes information 
on network restrictions. 
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USE OF THE TI ASR733 CASSET TERMINAL FOR DEX INPUT 1 

This document describes the method of operation of the Texas 
instruments ASR733 terminal and the CASSETTE utility proqram for 
use as a defferred execution Input system, la 

The operation of DEX is not covered, as this system is described 
completely In another document!,.,), lb 

A brief description of the terminal hardware features needed is 
also provided, lc 

TERMINAL HARDWARE 2 

In order to be used as an input device for the CASSETTE utility 
proqram the terminal must provide facilities to allow the proqram 
to control the operation of the cassett drives remotely, 2a 

To this end, the terminal to be used for cassette transmission 
must be equipped with the following options: 2b 

Remote Device Control (ROC) 2bl 

Full USASCI1 Character set 2b2 

Automatic Search Control (This option is not necessary^ but is 
potentially useful), 2b3. 

In order to check whether an existing terminal is so equipped, 
Check the large sticker sometimes found inside the cover of the 
machine, or with the machine supplier, 2c 

NETWORK RESTRICTIONS 3 

If this terminal is used for casset input via the ARPANET the 
following conditions must be met: 3a 

1) If used via TELNET be sure to change the escape character 
and set "transparent mode", 3al 

2) If the connection is made via a TIP be sure that the input 
buffer size is at least 95 characters, This restricion differs 
slightly from that for other casset terminals due to the 
fixed-length block format of the tapes prepared by the TI 
casset hardware, 3a2 

OFF-LINE PREPERATION OF TAPES 4 

The terminal operators manual, "SILENT 700 ELECTRONIC DATA 

1 
J 
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TERMINAL, MODEL 733 ASF/KSR OPERATING INSTRUCTIONS", (T,I. Manual 
no, 959227-9701, Revision C, or later) is included here by 
refrence, 4a 

All tapes are prepared in CONTinuous format as per the 
instructions in section 5-1,1 of the operators manual, Terminate 
the tape by typinq *Z<cr> and then turning the record control 
switch off to force the last record to be written onto the tape, 4b 

Tapes may also be edited and played back off-line using the 
machine by following the instructions in sections 5-1,2 and 5-1,3, 4c 

Tapes prepared (accicently, of course), in line mode may be 
re-formated into CONTinuous mode by following the instructions in 
sections 5-1,5 or 5-1,7, This duplication operation is not 
advised, however, since it has been found to sometimes introduce 
extranious characters onto the tape, 4d 

USING THE CASSETTE UTILITY TO READ TAPES INTO THE SYSTEM 5 

To read tapes into the system perform the following operations on 
the terminal switch panal: 5a 

1) Set KEYBOARD switch to LINE Sal 

2) Set PLAYBACK switch to LINE 5a2 

3) Set RECORD switch to OFF 5a3 

4) set PRINTER switch to LINE 5a4 

Place the casset to be read into either of the casset drives, (The 
left-hand drive is drive l, the right-hand, drive 2), 5b 

Login to TENEX in tne normal manner and invoke the CASSETT Utility 
program, Operation of the program is illustrated by the following 
dialog, (upper case text is typed by the system, lowercase by the 
user), 5c 

slog kreirers 5el 

JOB 23 ON TTY21 21-OCT-75 13:14 5c2 

PREVIOUS LOGIN; 21-OCT-75 12:12 5c3 

tKPEMERS HAS ONE OTHER JOB) 5c4 

TENEX WILL GO DOWN WED 10-22-75 2200 TIL THU 10-23-75 0500 5c5 

2 
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FOR PREVENTIVE MAINTENANCE 5c6 

Pcasset 6c 7 

CASSETT TO SEQUENTIAL UTILITY 5c8 

CASSETT FECORDER TYPE (TYPE "?" FOR HELP)t1 5c9 

COPY TO FILE: titfll.txt (New file} 5cl0 

INPUT FROM FILE: tty: 5cll 

6c 1 2 

ENTER CASSETT DRIVE NO, (1 or 2)1 5cl3 

TYPE SPACE WHEN READY 5cl4 

REWIND (Y OR N)yES 5C15 

(,,, the system is now reading the tape) 5cl5a 

MOPE FILES (Y OR N)yES 6cl6 

COPY TO FILE j titfl2.txt (New file] 5cl7 

INPUT FROM FILE: tty: 5c I 8 

ENTER CASSETT DRIVE NO, (1 or 2)1 5cl9 

TYPE SPACE WHEN READY 5c20 

TYPE SPACE WHEN READY 5c21 

REWIND (Y OR N)nO 5C22 

MORE FILES (Y OR N)nO 5c23 

@logo 5c24 

The above inustraites reading multiple files, The procedure 
would be similar for a single file, 5d 

3 
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Visit Planned by Dickerson & Morgan 

DR, Loren Dickerson CUniversity of Alabama) and MacPherson Morgan 
(SRI»Huntsvi)ie) will be visiting on 31 Oct 75 arriving at 10:00 am, 
i sugaeste a 2br visit but thev may wish to stay longer, Dr, 
Dickerson is gathering data for a paper on methods for information 
exchange between faculty, administration, alumni, and students in a 
university setting, Dr, Dickerson referenced a phone conversation 
with DCE on 6«N0V»73 recorded as (20086,), 

1 
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FE weekly Status Report 1 

DIA 2 

In progress 2a 

Debugging display package In stand-alone environment, 2al 

Coding missing portions of display package, 2a2 

Loadinq CL1 on 11 and debugging HQ11 runtime+compiler, 2a3 

Done 2b 

Found and fixed bug in LlOil concerning addressing, 2bl 

Found and fixed bug in L1011 concerning IF/branching, 2b2 

CHI 3 

Worked mostly on getting a CLI that would load into 11 for 
debugging, Guite a lot of trouble here but stand alone 11 system 
now loads without problems (including a test qrammar), We qot it 
loaded into 11 on Thursday but It did not run, Dia found 11011 
compiler problem in runtime/tty stuff (?), I found some 11011 
problems in cli code, We are ready to push on to debug it some 
more now. Need to get an ELF that we can use the same way as 
standalone, however, 3a 

Sick on Wednesday 3b 

Presented semenar on Tuesday re CLI implementation, 3c 

worked on CLI-implementation appendix to final report, 3d 

Brought up new FE for MCA which treats selections of type INTEGER 
differently, 3e 

ANDY 4 

COMPLETED 4a 

Modification of compactor to produce grammars loadable on 
PDP-11 4al 

Modification of CML compiler to output compactable grammars 4a2 

Must produce distinction between kw's and selector kw's 4a2a 

1 
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Must produce distinction between local and global variables 
in grammar 4a2b 

Coded temporary loader to interlace cli and grammars between 10 
and 11 4a3 

IN PROGRESS 4b 

Modify CML compiler and compactor for call help and kwvar 4bl 

Loading and debugging CLI on 11 4b2 

DAV 5 

IN PROGRESS 5a 

Continuing to integrate HELP, Little work actually done, due 
to jury duty and writing a HELP "think piece", However, next 
week I'll stop thinking and start working, Sal 

The HELP CML is in and works, The xroutines need to be 
debugged, 5a2 

DONE 5b 

Read all the cml documents, RLL suggests that I don't rewrite 
the CML. manual? rather spend the time improving CML, I've been 
thinking about some possibilities, 5bl 

2 
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Contact Report: Marge Lambie of Bonneville Power Authority, Interest 
in Front End, GE Proposal 

(Bonneville) Contact report 1 

(DATE) October 20th 1975 la 

(BY) Dirk: van Nouhuys lb 

(ATTENDEES) 1c 

Or Marge tambie of Bonneville Power Authority lcl 

(MEDIUM) PHONE Id 

(WHERE) My office le 

(ACTION-ITEMS) If 

Mailed Documents listed below lfl 

(DISTRIBUTION) ARC-LOG Docplan Id 

(REFERENCES) (journal#32515,)( journal,25216,) lh 

(DOCUMENTS) Hard copy mailed and received li 

(GIVEN) Froposal to GE for a Text Processing System (25930), 
Automation in Technical Document Production (slightly revised 
from (journal,33412,), NSW Front End Specs (33403), and Charles 
Irby * s paper on the state of the CLI (isic,irby,cli-imp,), 111 

(RECEIVED) Date and documents received 112 

(REMARKS)pot Lieberman's sending her notice of the AKW Seminar 
occasioned her call, but she was not interested in attending, she 
just want to check in particuarlly to learn about Front End 
developments, She is still expecting to put out an PEP, some time 
early next year, I took the occasion to describe the G E 
proposal, she was interested, it sounded a$ if the volumn of work 
envisioned for her RFp had grown a little which brings it very 
close to the needs GE was trying to satisfy, 11 
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k i r k n o t e s  

F r i , ,  O c t ,  2 4  
g o o d  a f t e r n o o n  1  

I t ' s  p r e t t y  l a t e  a n d  I ' m  p o o p e d ,  s o  t h i s  w i l l  p r o b a b l y  b e  s h o r t .  
N o t  m u c h  n e w s  a n y w a y .  T h a n k s  f o r  t h e  B e y  n o t e s - - a n d  I  a p p r e c i a t e d  
y o u r  s y m p a t h y / e m p a t h y  a b o u t  t h e  i r r i t a t i o n  o f  t a k i n g  n o t e s ,  J i m  
N ,  w a s  s i c k  a l l  w e e k ,  b u t  1  a m  d e f i n i t e l y  q o i n g  t o  h a v e  t o  l o d g e  a  
f o r m a l  c o m p l a i n t  w i t h  h i m ,  * a  

T h e r e  r e a l l y  h a s n ' t  b e e n  a n y t h i n g  d e f i n i t e  a t  a l l  a b o u t  t h e  
d o c u m e n t a t i o n  r e s h u f f l i n g ,  J u s t  v a g u e  h i n t s  a n d  a s s u r a n c e s  t h a t  
i t  n e e d s  t o  b e  l o o k e d  a t ,  D i c k  a s k e d  m e  w h a t  I  w o u l d  s u g g e s t  b u t  
X  d i d n ' t  r e a l l y  c o m e  u p  w i t h  a n y t h i n g  v e r y  c r e a t i v e .  I t  w o u l d  b e  
g o o d  t o  p u t  o u r  h e a d s  t o g e t h e r  a b o u t  l t - - e s p e c i a l i y  s i n c e  t h e  K W A C  
m e e t i n g ,  b e c a u s e  I  n o w  s e e  i t  f r o m  a  l i t t l e  d i f f e r e n t  p e r s p e c t i v e ,  
I  g u e s s  t h e  o n l y  p o l i t i c a l l y  c o o l  t h i n g  t o  d o  w i t h  C E H T A I N  
P E P S O N A L I T I E S ( Y )  w i l l  b e  t o  c h a n g e  r e s p o n s i b i l i t i e s ,  b u t  t h e y  
d o n  * t  d i s c u s s  t h i s  w i t h  m e  f o r t u n a t e l y ,  

1  w o r k e d  o n  t h e  L e x i c o n  m o s t  o f  W e d  T h u r s  a n d  F r i ,  I t ' s  f u n  b u t  
s l o w  g o i n g .  H o w e v e r #  I  t h i n k  w h a t  I ' v e  b u i l t  i s  p r e t t y  s o l i d ,  I  
a d d e d  s o m e  m o r e  h e l l n o t e s  f o r  y o u ,  I  s h d  b e  a b l e  t o  g e t  t o  c o r e  
e a r l y  n e x t  w e e k ,  I ' m  a  l i t t l e  o v e r w h e l m e d  w h e n  I  t h i n k  o f  
t a c k l i n a  c o r e ,  a n d  c o n t e m p l a t e  h o w  a l l  o f  t h i s  i s  s u p p o s e d  t o  w o r k  
t o g e t h e r ,  B y  t h e  w a y ,  t h e  E L U S I V E  H E L P  B U G  i s  d r i v i n g  m e  n u t s #  a s  
i s  t h a t  s t u p i d  g l i t c h  o f  h a v i n g  t o  C o m p a c t  t h e  f i l e s ,  1  t a l k e d  a  
l i t t l e  m o r e  t o  D a v e  t h i s  w e e k - - I ' m  a f r a i d  m a y b e  h e ' s  l i k e  s e v e r a l  
o t h e r  p r o g r a m m e r s  a r o u n d  h e r e ^ - h e  d o e s N 7 t  g e t  t o o  t u r n e d  o n  a b o u t  
f i x i n g  b u g s .  H e  f e e l s  l i k e  h i s  t o p  p r i o r i t y  n o w  i s  t o  g e t  h e l p  
r u n n i n g  i n  N L S  9 ,  w e ' l l  a l l  h a v e  a  p o w » w o w  o n  H o n ,  s o m e  o f  t h e  
t h i n g s  o n  h i s  l i s t  t o  f i x  f o r  8 , 5  a r e  r a t h e r  o b s c u r e ,  l c  

B y  t h e  w a y ,  J i m  B ,  s e n t  a  c o p y  o f  h i s  p r o p o s e d  f u t u r e  p l a n s  f o r  
d o c u m e n t a t i o n ,  i t ' s  i n  < m j o u r n a l ,  2 6 6 9 8 , >  i f  y o u ' r e  i n t e r e s t e d ,  i d  

y o u r  c o u r s e s  s o u n d  l i k e  m a y b e  y o u  d i d ,  i n  f a c t ,  m a k e  u p  t h e i r  
t i t l e s , , .  I f  t h e y  r e q u i r e  a s  m u c h  w o r k  a s  t h e i r  t i t l e s  r e q u i r e  
a t t e n t i o n  t o  c o m p r e h e n d ,  y o u  m u s t  b e  k e e p i n g  b u s y ,  I  c e r t a i n l y  
c a n  u n d e r s t a n d  y o u r  d i l e m m a  a b o u t  t a k i n g  t h e  p r a c t i c a l  r o u t e  
( p r o g r a m m i n g )  v s ,  t h e  f a r  m o r e  i n t e r e s t i n g  a n d  i m p r a t i c a l  
( p h i l o s o p h y ) ,  I  f e e l  a b s o l u t e l y  s t u c k  i n  t h a t  l o o p ,  a n d  a m  s t i l l  
h o p i n g  t h a t  t h e r e  i s  a  t h i r d  c h o i c e ,  v e r y  s a d  t o  s e e  w h a t  c u r  
c u l t u r e  f e e l s  l i k e  p a y i n g  p e o p l e  t o  d o ,  l e  

W e l l  I ' m  o f f  t o  t h e  m o u n t a i n s  f o r  a  c o u p l e  o f  d a y s .  S e e  y o u  
M o n d a y ,  B e v  
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DAV 25-OCT>75 1 8 S 03 26753 
Oct 20 weekly report for DAV 

DONE 1 

Finally finished my "think piece" on HELP, (I said I'd be 
finished by the weekend, didn't. I? I just forgot to say which 
weekend,} It took a fair amount of time and thought. It's always 
hard to say whether these things are worth it or not, but T will 
say this; It has been very useful to me to write down in a 
coherent fashion the issues involved in HELP and information 
retrieval in the AKW, For the first time I feel like I'm ready to 
make a specific contribution to this place, la 

IN PROGRESS 2 

Integrating HELP into NLS 9, The CML is in and works, The back 
end needs debugging, (Dave Maynard's adding "Load File" should 
help a lot,) 2a 

Also fixing the bugs in the older versions of HELP as BEV and KIRK 
find 'em. Two down, N+1 to go, 2b 

Next week I stop thinking and start working, (Got my shovel and 
my bit bucket -•» but I really hate machine language debugging}}) 2c 

ASIDE 3 

Elizabeth* You might consider creating a file for the weekly 
reports of people reporting to you# divided as follows* and Into 
which people could directly add their reports, That might save 
you some work, 3a 

Week of Get 20 3a! 

DAV 3ala 

DONE 3 a 1 a 1 

3 a 1 a 1 a 

IN PROGRESS 3ala2 

3ala2a 

3alb 

Week of Cct 13 3a2 

t i t  3a2a 

1 
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H e r e  i s  a  l i s t  o f  t h o u g h t s ,  i d e a s #  c o m m e n t s #  c r i t i c i s m s ,  o p i n i o n s  a n d  
b u l l - s h i t  t h a t  I  h a v e  h a d  c o n c e r n i n g  t h e  H E L P  s y s t e m  o v e r  t h e  p a s t  
t w o  m o n t h s ,  I  w o u l d  l i k e  t o  s t i m u l a t e  a  d i a l o g u e  o n  w h e t h e r  a  
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i t  s h o u l d  t a k e ,  a n d  h o w  H E L P  r e l a t e s  t o  i t .  C o m e  o n ,  g a n g #  l e t ' s  
h e r e  i t ,  



DAV 26-OCT-75 21:11 26754 
My ideas on HELP 

This note is a summary of my thoughts on the HELP system during the 
last two months. It is a compendium of ideas rather than a coherent 
model, The intent is to provide a concrete object around which 
Interested people at ARC can formulate a specific plan for the 
future, 1 

Index 2 

I, Basic Premises 2a 

II, Main suggestions 2b 

III, Defects in the current system 2c 

IV, What is HELP? 2d 

V, The query language, or what's in a name? 2e 

VI, Retrieval 2f 

VII, Structure of the HELP data bases 2g 

VIII, Appendix -» Example of an existing system with interesting 
features 2h 

21 

I, Basic Premises 3 

(1) HELP'S primary goals are 3a 

(a) to tell the user WHAT QUESTIONS TO ASK 3al 

(you can't retrieve information unless you Know what 
information exists); and 3ala 

(b) to ANSWER SPECIFIC QUESTIONS from the user, 3a2 

(2) UNIFORMITY IS GOOD; special cases are to be avoided, 3b 

ALL NLS FILES should be meaningfully accessible using HELP 
(modulo protection considerations), 3bl 

Corollary; data bases written explicitly for HELP should not 
be toe different from ordinary NLS files, 3bla 

NLS SHOULD BE AVAILABLE to the sophisticated user, 3b2 

Corollary; same as above, 3b2a 

1 
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My ideas on HELP 

Additional corollary: HELP 15 A SUPERSET OF NLS, not a small 
intersection with it, 3b2b 

(3) HELP is not a peripheral issue to NLS because techniques for 
retrieving and managing information are important in an "augmented 
Knowledge workshop", 3c 

As Stuart Brand says, access is power. With the facilities ARC 
has implemented over the past 12 years, we could design a very 
powerful system in which 

• information retrieval provides the ACCESS: 3cla 

• NLS presents the FORMf 3cib 

HELP is just a special case of a general information retrieval 
system, ic2 

3d 

11, Main suggestions 4 

(1) HELP should be a special case of a general information 
retrieval/manaqement system. My view of "giving help" is that 
when a user asks for HELP: 4a 

(a) An information retrieval process (IRP) is started, 4al 

(b) IRP links to the relevant tool HELP file, 4a2 

This automatic data base selection is the only difference 
between HELP and Information retrieval in general, 4a2a 

Cc) If the user was in the middle of a command (e,g, <CTFL>Q ), 
the context is passed to IRP to enable it to begin as 
specifically as possible, otherwise IRP simply waits for user 
queries, 

The uer makes requests in the standard IRP query lanquaqe 
(called wyatt?), 4a3a 

(2) The system must be able to scan data bases in a variety of 
ways: 4b 

(a) "reading sequentially from the beginning as a tutorial:" 4bl 

(b) "entering at any point and finding the answer to a specific 
question:" (This is the only one that is done adequately in 
the current system,) 4b2 

2 
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£c) "browsing through the database, a combination of the 
above;" (above three from the 1974 final report) 4b3 

(d) showing outline views and contextual views (ala Kirk's 
"whole Universe cataloque"), and the usual NLS views, 4b4 

(3) Augment the query language, Transfer the control over 
information formatting out of the data bases into the query 
proqram, 4c 

Possibility; maKe the query language and the language for 
writing user programs be THE SAME, After all, content analyzer 
filters and HELP queries are both information retrieval 
requests, 4cl 

(4) Use as much of existing NLS as possible, Get rid of the HELP 
sequence generator, Make HELP/IRP an ordinary subsystem again, 
If the "sophisticated" user wants to use NLS commands, we may have 
to give him a quick tutorial, 4d 

This will have the admirable effect of reducing the amount of 
code in HELP while simultaneously increasing its power. The 
amount of code will be reduced because the NLS Jump command, 
viewspecs and bugging will automatically become available, 4dl 

The information retrieval process (IRP) will have a whole set 
of commands, But when using it for HELP, we can still provide 
the current naive interface «« just type "h" for help, or 
<CTRL> Q, 4d2 

(5) Provide a uniform access to ALL NLS files, regardless of 
whether or not they were written by HELP data-base builders. Make 
HELP files look more like ordinary NLS files. Eliminate the 
special-purpose links, 4e 

This will have to be done if HELp/iRp is to be used to 
interrogate other data bases, and if HELP data bases are to be 
interrogated with NLS, 4el 

Example; The system should be able to scan the (userguides, 
locator, ) in the same way that any other data base is scanned, 
There is useful information in it, 4e2 

Example; The NlC's goodies should be HELP-accessible, 4e3 

Example; One data base that ought to be online and available to 
NLS users (via HELP) is an annotated bibliography, (The 
bibliography in RA3¥'s QSIS proposal (33672,) is a good model,) 

3 
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This would be extremely useful to paper writers and to those 
doing surveys, 4e4 

(6) Create a "yellow pages" of online data bases, This will start 
with first concepts and tell the HELP user WHAT questions to ask, 4f 

This win provide a powerful unifying force for the various 
data bases existing now, 4fl 

It will also furnish the framework within which tool builders 
can (a) inform the community of their tools, (b) provide access 
to them, and (c) provide access to the associated HELP files, 4£2 

(7) Evaluation criteria for these suggestions should be SYMMETRY, 
UNIFORMITY, CONSISTENCY, POWER, 4g 

The viewpoint can and should be one of "what will augment the 
AKW?", (Maybe this is obvious,) 4gl 

(8) From a HELP standpoint# features from the "NSW shopping list" 
(also in helpd) that would be nice to have are! 4h 

(a) Comments - Text %between percent signs% that would he 
invisible to the user unless he had a certain viewspec on. 
Subsystems such as HELP and the Output Processor could look for 
comments and use the text Inside in their processing, 4hl 

This would have the plesant effect o f  making Output 
Processor directives invisible when doing Output Quickprint, 4hla 

(b) Back links - Two-way links vastly simplify the problem of 
maintaining large data bases, In addition, many thing become 
easy that are presently impossible, such as the ideal of 
"dynamic network documents" -- documents which contain people's 
comments, comments on comments, notes, cross-references, etc, 4h2 

Example! it would be nice to have in documentation the names 
of people responsible for different parts of the system, 
when one o f  the people<leaves ARC or is reassigned, EVERY 
reference to his name must be found and modified. This is a 
practical impossibility without some sort of backlinkinq 
facility, in which a name can point to every occurrence of 
it, 4 h2 a 

(c) Indexes to the data bases - Searching a hashed index is 
more efficient than searching a data base, but we have to qive 
some thought as to what should go into the index, whether it 
should be structured or linear, etc, 4h3 

4 
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III, Defects in the current system 5 

The following are the negative aspects of the current system that 
I have most frequently observed and heard from others, 5a 

(1) It is too time consuming, BEV reports that this is by far the 
most frequent complaint of HELP users, 5b 

There is too much redundant printing -•» backing up causes 
previous view to be printed again. This is especially serious 
in TNLS, 5bl 

The "fix" of printing only the first few characters on 
backup is not a theoretical solution, 5bia 

At a paragraph at a time, it takes too long to get to relevant 
information. Most queries require wading through too many 
views, For a typical example, ask for help with the command 
Update File Rename, 5b2 

This is a symptom that the query language and viewspecs are 
too restrictive, 5b2a 

(2) HELP does not go far enough in telling the user WHAT 
information is available. In my opinion, this is the most serious 
defect of the current system, i would use HELP in spite of all 
its other failings if I could find out what I want to know, we 
need to back off? assemble ALL the concepts, people, files, 
indicies, etc, available? and then organize them in a way 
accessible to HELP, (The NIC seems to be doing a good job at 
organizing? perhaps we can use it as a model,) 5c 

Example: There is no journal access from HELP, How can I find 
ALL the documents known to the system on any given topic? To 
access the journal indicies requires NLS, Even if HELP could 
access the indicies, the format of the files is completely 
different -- certainly a source of confusion, 5cl 

Example: There is no logical hierarchy starting from first 
concepts "on down"? e,g, 5c2 

SRI 5c2a 

Life Sciences Division 5c2al 

Function 5c2ala 

5 
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Personnel 5c2alb 

f t #  5c2alc 

» t 9 5c2a2 

ARC 5c2a3 

Function 5c2a3a 

Personnel 5 c 2 a 3 b 

f t #  5c2a3c 

Applications 5c2a3d 

Office-1 5c2a3dl 

# # f 5 C 2 a 3 d 2 

Development 5c2a3e 

AKW bc2a3el 

NLS 5 c 2 a 3 e 2 

NSW 5c2a3e3 

# • f 5c2a3e4 

If we had an organising framework* we would then have t.o 
think about how far "up" to go, That is* should we include 
something about SRI? Menlo Park? California? USA? The 
world? The universe? Mind of God? We probably should stop 
at SRI* but something on the bay area might be nice etg, 
restaurants (cf# Stanford AI's YUMYUM guide), entertainment* 
motels, etc, 5c2b 

Since we would have this great information retrieval 
system* let's get. some fun out of it, 5c2bl 

If a system isn't stimulating* particularly an AKW 
system* there Is something wrong with it, 5c2b2 

(3) The HELP data bases are not in the usual format of NLS 
documents, Therefore they cannot be scanned (meaningfully) in the 
standard NLS ways, bd 

From the 1974 final report; "Note that portrayal of the 

6 
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database in the Help command is controlled by the Help system 
and tbe database builders, m the rest of NLS, portrayal is 
controlled by the user with Viewspecs, in Help, embedded 
Viewspecs are Inserted by the database builders," 5dl 

If one looks at the core help file with NLS, he sees: 5d2 

LEXICON: combination INDEX, GLOSSARY, and THESAURUS, 5d2a 

A-colcn: A: ADDRESS 
##<address>## 5d2b 

access: 5d2c 

to files: 
##<accessino>## 5d2d 

to ARC: 
##<enterind>## 5d2e 

accesslist: 
##<set 1NLS iPrivate>## 5d2f 

etc,, and later: 5d3 

effects: 
##<startup leffects>#i 5d3a 

Logout OK: 
> The NLS command "Logout" causes you to leave both the NLS 
system and the TENEX Executive level at once. It. is 
equivalent to using the Quit NLS command and then TENEX's 
Logout command, 5d3b 

TNLS example; 
BASE C: Logout 
TERMINATED JOB #, USER,,, 5d3c 

terminal commands 
##<terminal-corrmands>## 5d3d 

etc, The point is that this format makes sense ONLY when 
processed by HELP, it is not meaningful to the NLS viewer, the 
output processor, or any other subsystem, This Is the most 
serious weakness in the way information is organized in the 
current system, it causes the following problems, 5d4 

• NLS has had 12 years of experience designing effective 

7 
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information-display techniques. All the work that has gone 
into those systems is discarded, 5d4a 

• By building viewsoecs into the data base* the builder 
PRESUPPOSES THE USES of the data base, The HELP user cannot 
look: at documents in the way that is most convenient for 
him? he must look at them only in the ways provided by the 
builder, 5d4b 

- HELP duplicates much existing NLS code (such as the 
sequence generator)* making it a special-purpose piece of 
code* larger than necessary* with fewer features than are 
possible* hard to change (don't I know!)* and an awkward fit 
with other systems such as the output processor, As NLS 
continues to evolve, HELP will remain a drag on our 
resources unless it is integrated more gracefully into the 
system, 5d4c 

(4) information display techniques are not well designed, 5e 

There is no "scroll" command* i,e, "see next statement", (In 
fact* even DNLS has no facility for seeing the next window full 
of text if a statement is longer than one window,) 5ei 

One ought to be able to go up and down in a document 
according to both logical and physical structure, 5ela 

There are no user-settaole viewspecs* no ways of looking at the 
structure of documents. This is the biggest advantage NLS has 
over linear files? HELP disables it, 5e2 

Kirk Kelley addressed this problem rather effectively with 
his "context views" in his "whole universe catalogue". His 
work provides a good model here, 5e2a 

5 f 

IV, What is HELP? 6 

A user asks for help from an on-line system for one of two 
reasons: 

He wants information about the system* or one of the documents 
kept on the system, hal 

He wants information about the state of his job, 6a2 

HELP'S task |s very similar to NLS'SS to organize information* 
provide the user with access to it* and present it to him in a 

8 
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variety of representations, In this respect HELP ought to take 
advantage of the 12 years of development that have gone into NLS's 
display techniques. There is absolutely no reason why these 
techniques should be disabled. An additional requirement, 
however, is that HELP tell the user WHAT information is available, 
while NLS controls HOW information is presented, HELP controls 
WHAT information Is presented, in fact, this is HELP'S raison 
d'etre, if it can't do that, why have HELP at all? In 
accomplishing this task, HELP actually has two legitimate 
functions, I think of them, antnropomorphicaily, as (1) that of a 
LIBRARIAN, and (2) that of a CONSULTANT, The principal emphasis 
to date has been on the consultant aspect, But for a new user 
(such as myself) a system to tell what documents are available, 
and in qeneral "what is going on," would be a tremendous, you 
guessesd it, help, 6b 

A sub»fursction of the consultant is to act as a TUDOR, 
suggesting exercises and providing an environment in which the 
user can try them out, bbl 

Librarian 6c 

The "librarian" tells the user what questions to ask. The user 
can then ask the "consultant" the questions, unless he is 
satisfied just knowing the categories of information, 6cl 

Questions the "librarian" should be able to answer (the form of 
the query is dealt with in part v - the query language); 6c2 

what documents are avail able? fcc2a 

(will give the user a categorized list of EVERYTHING 
available) 6c2al 

Are there any documents on topic X? 6c2b 

What is the latest document on X? 6c2c 

Give ire everything written on X (optionally in historical 
order), 6c2d 

Show me the categories of information in the library 6c2e 

(i,e, how is the "world" classified?) 6c2el 

who is working on/responsible for a given aspect of NLS? 6c2f 

who might be interested in topic X? 6c2g 
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Who might give me nelp with X? 

<qgestions about NIC data> 

What is NIC? 

What can I find out from it? 

<questions about ARC * SRI, the Bay Area> 

What does AFC do? 

what are the divisions of SRI? 

Where Is the act!on around here? 

<questions answerable from other data bases: computer 
science bibliography, management information systems, ,,, 
whatever has been written by someone> 

Has anyone written a tool for translating English into 
Sanskrit? 

what are the commands it. will accept? 

The "librarian" provides a logical framework for organizing 
information, (The physical framework is provided by NLS,) 
Many of the above questions can be answered already in one part 
or another of the system, The trick is to set up a UNIFORM 
ACCESS to them so that the information can be found without 
having to ask half a dozen different people and go through half 
a dozen different protocols. 

Consultant 

The "consultant" answers specific questions when the user knows 
what to ask. 

Questions the "consultant" should be able to answer (the form 
of the query is dealt with in part V - the query language): 

What is the syntax of the INSERT command? 

What Is the syntax of all NLS commands? 

(FOB ALL STATEMENT s IN base«subsystem-documentation DO 

IF command(s) THEN show(syntax(s)) ) 

6c2h 

6c2i 

6c 211 

6c2i2 

6c2j 

6c2jl 

6c2 j 2 

6c2 j 3 

6c2k 

6c2kl 

6c2k2 

6c 3 

6d 

6d 1 

6d2 

6d2a 

6d2b 

6d2b 1 

6d2b1 a 
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Show me examples of all NLS commands, 6d2c 

C F OR ALL STATEMENT s IN base-subsystem-documentation DO 6d2cl 

IF command(s) THEN show(example(s)) ) 6d2cla 

Tell me the function of all NLS commands, 6d2d 

CFOR ALL STATEMENT s IN base-subsystem-documentation DO 6d2dl 

IF command(s) THEN show(function(s)) ) 6d2dla 

What commands manipulate characters? Words? Statements? 6d2e 

what commands manipulate statements but not words? 6d2£ 

What commands deal with windows? What is a window? 6d2g 

What are the differences between TNLS and DNLS commands? 6d2h 

Retrieve and show me the TECO manual, 6d2i 

<specific questions about NIC data> 6d2j 

What computers does sU-Ai have? 6d2jl 

<specific questions about ARC, SRI, the Bay Area> 6d2k 

What does DAv do? 6d2kl 

Who is in charge of user documentation at ARC? 6d2k2 

What is a good Chinese restaurant In Palo Alto? 6d2k3 

<specific questions answerable from other data bases: 
computer science bibliography, management information 
systems, ,,, whatever has been written by someone> 6d21 

What has been published on pattern matching in the last 
five years? 6d211 

6e 

V, The query language, or what's in a name? 7 

Possibilities for the query language: 7a 

English »• unrestricted natural language 7al 

1 1  
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Phrases (possibly whole structures?) 7a2 

Boolean combinations of keywords 7a3 

Keywords 7a4 

Menu numbers 7a5 

Formal language 7a6 

Programming language 7a7 

The first job we face in designing the user interface to such a 
system is to define the limits of our ambition, in its most 
general form the problem of giving help involves natural language 
understanding, eplstlmology, information retrieval, psychology, 
etc. The question is, what is the simplest thing we can do that 
will make an Interesting contribution to the A K w ?, 7b 

(1) Natural language 7c 

Beginning with Green et al's BASEBALL system, the idea of 
interfacing in natural language has stimulated much research, 
Today natural language understanding is an active area in A1 
(Woods, Colby, winograd, Bobrow, Schank, Simmons)? but a 
comprehensive solution is many years off, and the possibility 
exists that there may be no practical (= small, fast) solution, 
Therefore ARC should probably not open that can of worms, 7cl 

If we did want a natural language interface, it should in the 
short- and medium-terms be a FORMAL LANGUAGE which looks like a 
subset of English, The most promising approach appears to be 
to use "production systems" or "rewrite rules", several people 
including myself have developed production systems, and the 
technology is now well established, The big advantage of such 
systems is that rules can easily be included to handle special 
cases; e,g, 7c2 

I WANT HELP WITH <PHRASE>:P --> <RETRIEVE ;P> 7c2a 

WHAT DO you KNOW ABOUT <PHRASE> S P --> <RETRI EVE ;P> 7C2b 

WHO IS WORKING ON <PHOJECT>;PRJ --> <RETRIEVE <WORKEPS 
:PRJ>> 7c2c 

In this way a RELEVANT SUBSET of a natural language can be 
assembled «*« just those forms which we experimentally decide 
are necessary, 7c3 
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It we were to go this route# perhaps we could also use this 
production language as the new CML (if there is one), In that 
case things would really start to get unified. The production 
language would be: 7c4 

(a) the language in which tool builders write communication 
protocols with the terminal (the CML)? 7c4a 

INSERT <TEXT-ENTiry>:T <ECHO "TO FOLLOW"> <DESTINATION>:D 7c4al 

-*> <XINSERT ;T ;D> 7c4ala 

(b) the language in which tool builders specify HELP 
protocols (the query language)? 7c4b 

WHAT DO YOU KNOW ABOUT <PHPASE>?P ? 7c4bl 

*«> <RETRIEVE :P> 7c4bla 

(c) the language in which users write programs Cthe user 
programming language), 7c4c 

(2) Formal languages 7d 

perhaps the query language should not be English or even 
English*like, Edmundson and Epstein suggest using a 
programming language for a retrieval language, with English 
words as data objects, For example, 7dl 

FIND insert AND statement 7dla 

finds the first statement containing both the words "insert" 
and "statement", The command 7d2 

FIND ALL insert AND statement 7d2a 

would act like a content analyzer filter, fining the display 
screen with statements meeting the specified criteria, 7d3 

This is another promising "user language" for writing 
programs. Again, making it the HELP retrieval language 
produces one uniform formalism for both, 7d3a 

This retrieval system can be used both by the user to 
Interrogate the data base and by the builder to verify its 
capabilities, Since it is a programming language, either one 
can write a program to interrogate the data base in 
sophisticated ways or to verity its completeness or 
consistency, 7d4 
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Programming languages provide the user/builder with a great 
deal of power. But since he seldom wants to do anything 
complicated, simple querys must (and CAN, if the language is 
well designed) be Kept simple in form, 

(3) NLS considerations 

with NLS a large, well-Structured data base already exists, 
with well-defined accessing and processing primitives (the NLS 
core routines), So our information management problem is 
considerably simpler than in the general case. The facilities 
needed to maKe NLS's primitives easily available to the general 

user are: 

- a more flexible user interface, 

- a more uniform access method, and 

- some automatic management system for maintaining 
consistency, completeness and currency. 

VI, Retrieval 

The issue of what HAPPENS when the user makes a query can, at 
least conceptually, be separated from the issue of the FORM of the 
query, (I'm not sure this can or should be done in the actual 
implementation,) This section deals with the retrieval half, 

(!) communication with NLS could be accomplished by the following 
organization, 

invoking HELP sets UP a HELP process, which sets up an NLS 
sub-process to do the actual processina of the HELP file. 

7d5 

7e 

7e 1 

7ela 

7e lb 

7elc 

7 £ 

8 

8 a 

8b 

8bl 

i 
******** 
* user * 
******** 

i 

******** 
->* tool *• 
******** 

******** 
•>* help *• 
******** 

** ****** 
• > * n 1 s *" 
# base * 
******** 

I 
v 

******** 

•>* help * 
* tile * 
******** 

Bb2 
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perhaps this could be implemented using two new viewspecs, 
WHAT?? MORE VIEWSPECS?? (This may be a bad idea,) 8b3 

viewspec "M" 8b3a 

Put menu numbers (small integers) instead of statement 
numbers (3A2B5C2) by statements, If we did this, I would 
propose that menu numbers monotonically increase from the 
time the viewspec goes on, so that (especially for TNLS) 
old views would not have to be regenerated to refer to a 
menu item, 8b3al 

Viewspec "st" (s followed (immediately by t) 8b3b 

Shew ail lines in current statement, followed by one line 
from each sub-statement (one level down only). In other 
words, build the menu-qenerating capability into NLS, 
This simplifies things like bugging, lumping and 
printing, 8b3bl 

The HELP process Interprets everything typed by the user, 
turning user-format requests into NLS commands, It provides 
several "escape" facilities: 8b4 

& = execute one command in NLS (could be Goto Base or other 
subsystem). This is intended to make NLS available to 
sophisticated users, 8b4a 

# = execute one command in the tool for which we are 
currently giving help, This is the "tudor" function, 8b4b 

If the tool is NLS itself, then # is the same as 8b4b! 

This could also be accomplished by using the § escape (so 
that only one escape is really necessary), and then using 
the NLS Execute command, However, this requires the HELP 
user to know NLS, 8b4b2 

(2) It certainly seems that the HELP data base builder ought to be 
able to add and modify information using the SAME system which 
retrieves it, so that he always sees what the user sees, 8c 

Yang suggests an information storage/retrieval/updatinq system 
based on eight Commands: STORE, RETRIEVE, ADD, DELETE, REPLACE, 
PRINT, COMPRESS, LIST, 8cl 

(3) To improve the efficiency of STORE/RETRIEVE, we could use a 
hash table. To keep the standard NLS file structure intact, HELP 
files could have an "index" -- a separate file containing the hash 
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links, The index would be maintained automatically by system 
routines, (Several people have previously suggested this,) 8d 

Yang shows that a 1inked-hash-table algorithm like LISP's 
ohlist requires an average of 1,5 searches regardless of table 
size# versus 15,6 for a binary search of a BOK-item table or 
N/2 for a linear search, 

(4) NLS availability 8e 

The NLS jump and display (viewspec) commands definitely should 
be available to the HELP user. This suggests that HELP should 
go back to being an ordinary subsystem, I think it should. It 
would increase the compatability of HELP with the rest of NLS# 
and follows the akw philosophy of making things uniform, Bel 

The in format ion retrieval aspects certainly seem 
subsystem»like, 8eia 

We could provide a smooth entry into the system when the 
help aspect is used, such as automatically loading the 
subsystem and interpreting his typein, The naive HELP user 
would never know that he was talking to a subsystem, Helb 

NLS is tailored to display useful views of information, 
HELP might take advantage of them as follows. Again the 
naive user need never know that NLS was doing the work for 
hlmj but the sophisticated user would be able to take 
advantage of it, 8elc 

View Name NLS equivalent 8elcl 

OUTLINE xcs) viewspec 8eic2 

CONTEXT Jump Up x(s) 8elc3 

DETAIL w viewspec 8elc4 

MENU "st" viewspec 8elc5 

While the HELP data bases should be meaningful NLS files# 
perhaps we could incorporate into the text (e,g, with a 
"comment" construction) data or program that would augment the 
text when it is accessed with the query system, This could be 
used to generate a more relevant view for each particular user, 8e2 

(5) Possible implementations 8f 
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Current -- We could leave things as they are, except tor fixing 
bugs and minor additions, 

jjk 
This has the advantage ot requiring the least amount of 
work, 

Woolley's (see the appendix) -- We could structure the data 
bases into a network of relationships and interrogate them with 
boolean combinations of the relations, 

There are some good ideas here. 

There are many systems that do this kind of thing, but they 
are all pretty artificial, 

ZOG we could put procedures into the text which could be 
activated by the query system, 

This is a powerful idea in any system, 

we could implement it with %commented text%, 

- Not visible unless a certain viewspec is turned on, 

- Can contain any number of good things, 

Back links 

Code for processing the text 

Output processor commands 

Debugger information 

Production system -- We could unify the notions of command 
specification language, query specification language, and user 
programming language into one lanquaqe. 

This is the biggest divergence from the current systems, but 
it also has the most potential for improvement; flexibility, 
versatility, power. 

Relevant maxims; Prooress is a step function, not a 
continuous curve, "Throwaway software" is a good idea, 

I favor this approach. 

8 f 1 

8f la 

8 f 2 

8 f 2 a 

8 £ 2b 

8 f 3 

8f 3a 

8f 3 b 

8 f 3b 1 

8 f 3b2 

8£3b2a 

8 f 3b2b 

8 f 3 b 2 c 

8 f 3b2d 

8 f 4 

8f4a 

8t4al 

8 f 4b 

8g 
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VII, structure ot the HELP data bases y 

Whatever the retrieval mechanism, we need a qood metaphor for the 
organization of the data bases, I don't have a qood model of 
them, and I doubt if most tool builders will, This must be 
resolved before we can hope to have consistency across all the 
different data bases, 9a 

Possible models 9b 

CI) Encyclopaedia 9,51 

in this approach, descriptions are organized into short, 
self-contained "articles", As in any encyclopaedia, the 
articles need not be written by a single author, or even a 
small number of authors; "experts" on any topic can 
contribute articles, At the end of each article would be a 
set of cross-reference links, 9bla 

Advantages 9bib 

An encyclopaedia provides dynamic yet organized qrowth, 
As new concepts are developed, they can be integrated 
smoothly into the existing documentation, 9blbl 

Encyclopaedias stimulate browsing, 9blb2 

They can answer specific questions, while at the same 
time providinq substantial context, individual articles 
can be hierarchically organized, 9blb3 

Disadvantages 9blc 

The collection of articles does not have the sequential 
coherence of a novel, 9blcl 

An encyclopaedia cannot be hierarchically organized, and 
therefore It is not amPnable to outline views. We would 
still have to provide a hierarchical index, 9bic2 

(2) Textbook 9b2 

In this approach, documents would be organized like 
ordinary, preferably college-level textbooks. Each textbook 
would be self-contained, beqin with first concepts, and 
progress through more and more advanced material, 9b2a 

Advantages 9b2b 
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This Is the way people have learned subjects all their 
lives, 9b2bl 

Textbooks can be read front to back# as well as delving 
Into the middle, 9b2b2 

with NLS, a good hierarchical organization can be 
achieved, 9b2b3 

Disadvantages 9b2c 

It may be difficult to answer specific questions 
concisely, ' 9b2cJ 

Jim Balr recently recommended that a textbook be developed 
to teach NLS, If this is done# then 9b2d 

(a) it should be integrated into the HELP documentation, 
since it would certainly be of use to HELP users; and 9b2di 

(b) it should be done online# since we are in the 
business of online systems. If it can't successfully be 
done online# then NLS needs changing, 9b2d2 

(3) Thesaurus 9b3 

A thesaurus is both a cosmology and a set of links to 
similar concepts, Explicitly presented in the front of a 
thesaurus is a complete hierarchical organization of all the 
concepts in nature, The terms in a language are then 
classified according to this hierarchy, 9b3a 

A thesaurus is just an index# but we could have text rather 
than simply words in the body of it, An alternative might 
be to have the text organized into an encyclopaedia# with 
the thesaurus providing a structured access to it, 1 think 
this has a lot of promise, 9b3b 

Advantages 9b3c 

The thesaurus provides alternative ways of categorizing 
information. Frequently I want to view information in 
different organizations than were provided by the data 
base builder, 9b3cl 

For example# I may in one instance want to know what 
NLS procedures display text on the screen, and later 
what procedures need to be changed if another viewspec 
is added, some of the same procedures may be in each 

19  



D A V  2 6 - O C T - 7 5  2  1  S  1 1  2 6 7 5 4  
M y  i d e a s  o n  H E L P  

s e t ,  I n  t h e  f i r s t  c a s e  I  a m  p r o b i n g  t h e  d a t a  b a s e  a s  
a  s y s t e m  u s e r ,  a n d  i n  t h e  s e c o n d  a s  a  s y s t e m  b u i l d e r ,  9 b 3 c i a  

T h e  t h e s a u r u s  a p p r o a c h  b r e a k s  d o w n  c o n c e p t s  i n t o  
" p r i m i t i v e "  u n i t s .  T h e s e  p r i m i t i v e  c o n c e p t s  c a n  b e  
c o m b i n e d  b y  t h e  u s e r  t o  f o r m u l a t e  h i s  r e t r i e v a l  r e q u e s t .  
T h e  t h e s a u r u s  p r o v i d e s  a  l i n k  o r g a n i z a t i o n  t h a t  c o u l d  b e  
a u t o m a t i c a l l y  p r o c e s s e d  b y  r o u t i n e s  t o  y i e l d  a  p o w e r f u l  
q u e s t i o n  a n s w e r i n g  c a p a b i l i t y ,  9 b 3 c 2  

***** A v e r y  p r o m i s i n g  a p p l i c a t i o n  i s  u s e r - t a i l o r a b l e  
m a n u a l s ,  B y  e x t r a c t i n g  t h e  t e x t  a s s o c i a t e d  w i t h  a  s e t  
o f  c o n c e p t s ,  t h e  u s e r  c a n  a s s e m b l e  a  c o h e r e n t  d o c u m e n t  
c o n t a i n i n g  o n l y  w h a t  h e  w a n t s .  T h i s  k i n d  o f  
v e r s a t i l i t y  i s  g o i n g  t o  b e  n e c e s s a r y  t o  k e e p  t h e  s h e e r  
q u a n t i t y  o f  f u t u r e  d o c u m e n t a t i o n  f r o m  g e t t i n g  o u t  o f  
h a n d ,  9 b 3 c 2 a  

T h e  c o n c e p t s  u s e d  i n  o r g a n i z i n g  t h e  d a t a  b a s e  w o u l d  b e  
e x p l i c i t l y  s t a t e d .  E a c h  t o o l  b u i l d e r  w o u l d  h a v e  t o  
c r e a t e  a  h i e r a r c h y  o f  t h e  c o n c e p t s  w i t h  w h i c h  h i s  t o o l  
d e a l s ,  9 b 3 c 3  

T h i s  m i g h t  p r o v i d e  t h e  f r a m e w o r k  f o r  a n  " a u t o m a t i c  
b r o k e r " ,  T h e  " b r o k e r "  w o u l d  a u t o m a t i c a l l y  s c a n  t h e  
c o n c e p t  h i e r a r c h y  o f  e a c h  t o o l  i n  s e a r c h i n g  f o r  t o o l s  
a p p l i c a b l e  t o  t h e  u s e r ' s  p r o b l e m ,  9 b 3 c 3 a  

D i s a d v a n t a g e s  9 b 3 d  

T h e s a u p u s e s  c a n n o t  b e  r e a d  f r o n t  t o  b a c k ,  u n l e s s  t h e  t e x t  
i s  i n  a  s e p a r a t e  a r e a ,  9 b 3 d l  

f 4 )  D i c t i o n a r y  9 b 4  

A  d i c t i o n a r y  w o u l d  b e  a  l i n e a r ,  a l p h a b e t i z e d  c o l l e c t i o n  o f  
t e r m s  w i t h  c e r t a i n  s t a n d a r d  e n t r i e s  t o r  e a c h  t e r m ,  T h e  
e q u i v a l e n t s  o f  " n o u n " ,  " v e r b " ,  e t c ,  m i g h t  b e  " c o m m a n d " ,  
" t e x t  e n t i t y " ,  " s u b s y s t e m  X " ,  e t c ,  T h i s  i s  f a i r l y  c l o s e  t o  
t h e  c u r r e n t  s t r u c t u r e  o f  t h e  d a t a  b a s e s ,  e x c e p t  t h a t  t h e  
s t a t e m e n t s  a s s o c i a t e d  w i t h  e a c h  t e r m  a r e  n o t  e x p l i c i t l y  
c a t e g o r i z e d .  A l s o  t h e  n o t i o n  o f  d i f f e r e n t  " s e n s e s "  f o r  
t e r m s  i s  n o t  e x p l i c i t l y  d e v e l o p e d ,  9 b 4 a  

A d v a n t a g e s  9 h 4 b  

D i c t i o n a r i e s  a r e  e x c e l l e n t  f o r  a n s w e r i n g  s p e c i f i c  
q u e s t i o n s ,  9 b 4 b l  
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D i s a d v a n t a g e s  9 b 4 c  

T h i s  o r g a n i z a t i o n  i s  n e i t h e r  l i n e a r l y  r e a d a b l e ,  n o r  
h i e r a r c h i c a l l y  d i s p i a y a b l e ,  t h u s  l i m i t i n q  i t s  
v e r s a t i l i t y ,  

T h e r e  i s  n o t  e x p l i c i t  c o s m o l o g y ,  

( 5 1  T e l e p h o n e  d i r e c t o r y  ( y e l l o w  p a g e s )  

U n d e r  a  g i v e n  c o n c e p t  ( e , g ,  " m o v i n g  t e x t " )  w o u l d  b e  a  l i s t  
o f  t h e  a p p l i c a b l e  c o m m a n d s  a n d / o r  r e f e r e n c e s ,  T h i s  w o u l d  
p r o b a b l y  b e  u s e d  a s  a n  i n d e x ,  w i t h  t h e  t e x t  r e s i d i n g  
e l s e w h e r e  ( e , g ,  i n  a n  e n c y c l o p a e d i a ) ;  o t h e r w i s e  t h e  p r o b l e m  
o f  m u l t i p l e  r e f e r e n c e s  t o  a  p i e c e  o f  t e x t  m i g h t  b e c o m e  
u n m a n a g e a b l e ,  

A d v a n t a g e s  

I t  w o u l d  p r o v i d e  a  c o n c e p t u a l  c l a s s i f i c a t i o n  f o r  t h e  
c o n c e p t s  i n v o l v e d  i n  a  t o o l ,  

T h e  c o n c e p t s  c o u l d  b e  c l a s s i f i e d  h i e r a r c h i c a l l y ,  t h o u g h  
y e l l o w  p a g e s  u s u a l l y  d o  n o t  d o  t h i s  m o r e  t h a n  o n e  l e v e l .  

D i s a d v a n t a g e s  

T h e  f o r m a t  i s  p r e t t y  a r t i f i c i a l  f o r  H E L P  d a t a  b a s e s ,  
a l t h o u g h  i t  m i g h t  b e  u s e f u l  f o r  t h e  N I C ,  

T h e r e  i s  n o t  e n o u g h  r e d u n d a n c y  i n  N L S  t o  m a k e  f o r  a  v e r y  
l o n g  l i s t  o f  a l t e r n a t i v e  w a y s  o f  d o i n g  t h i n g s ,  

I t  c a n n o t  b e  r e a d  f r o m  f r o n t  t o  b a c k ,  

( 6 )  N e t w o r k  

T h i s  i s  w h a t  w e  h a v e  n o w ,  a  s e t  o f  t e x t  f r a g m e n t s  c o n n e c t e d  
b y  l i n k s ,  

A d v a n t a g e s  

T e x t  f r a g m  e n t s  
r e f e r e n c e s  c a n  
a u t o m a t i c a  1 1 Y  r  

R e f e r e n c e s  a e r o  
r e f e r e n c e s  w i t h  

9b4c  1  

9b4c2  

9b5  

9b5a  

9b5b  

9 b 5 f o l  

9b5b2  

9b5c  

9b5c  1  

9b5c2  

9b5c  3  

9 b 6  

9b6a  

9b6b  

9b6b  1  

9bbb2  
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Disadvantages 9b6c 

The data bases can be accessed in only one way: through 
the HELP system, In particular* they cannot be read from 
front to back. Browsing is difficult, wore flexible 
access methods would be more useful, 9b6cl 

There is no explicit (user examinable) hierarchy of 
concepts* though there could be with this organization, 9b6c2 

Consistency and completeness 9c 

As Harry Josselson writes* we want, to organize each data base 
"to Insure that words will be described (coded) with 
consistency* that is* to insure that questions which have been 
asked about certain words will be asked for all words in the 
same class* regardless of the fact that they may be more 
difficult to answer for some than for others," some requests 
might be a simple lookup, Others, such as "FIND ALL might 
require extensive processing, lust as NLS can have simple 
viewspecs or complicated content analyzer urograms. But all 
requests that can be handled for one term must be handled for 
all "similar" terms, (The idea of CLASSES of terms suggests 
itself,) 9c1 

All requests should be made in the same language, 9cla 

In order to insure consistency, the tool builder should include 
a short list of the relations that hold between objects in his 
system and the text that describes those objects, (See 
woolley's system in the appendix below,) 9c2 

For NLS commands the list might be: SYNTAX* FUNCTION* 
EXAMPLE* TEXT ENTITIES MODIFIED* SUB-PARTS, SIMILAR 
COMMANDS* SEE ALSO, Each command would have a Piece of text 
associated with every relation. The entry for the Logout 
command now becomes; 9c2a 

Logout 9c2al 

SYNTAX 9c2ala 

Logout OK 9c2aial 

FUNCTION 9c2alb 

The NLS command "Logout" causes you to leave both 
the NLS system and the TENEX Executive level at 
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once, it is equivalent to using the Quit NLS 
command and then TENEX's Logout command, 9c2albl 

EXAMPLE 9c2aic 

BASE Cj Looout 
TERMINATED JOB #, USER,,, 9c2alcl 

TEXT ENTITIES MODIFIED 9c2ald 

none 9c2aldl 

SUB-PARTS 9c2ale 

none 9c2aiel 

SIMILAR COMMANDS 9c2alf 

<NLS, Quit> 9c2alf1 

SEE ALSO 9c2a!g 

<NLS, Quit> 9c2alql 

<TENEX, Loqout> 9c2alg2 

The STORE function would prompt the tool builder for each 
element when he writes the HELP file. The "librarian" aspect 
of HELP would be able to supply the user with the list for any 
tool, 9c 3 

The access paths implemented will both determine and be determined 
by the file structure chosen, The overall organization will be 
something like: 9d 

9dl 

*********** 

"Tudor" *----
i *********** { 

************* v 
* tool-help # ******************* 

->* access *------ >* tool help files * 
} ************* ----->**********#******## 

******** "Consultant" I 
* help * I 
******** { ************ 

} ************* t.-.->* document * 
document #----»{ ************ 

2 3  



My ideas on HELF 
DAV 26-UCT-75 21*11 26754 

* access * J ,,, 
************* | ************ 

"Librarian" {..-->* document * 
************ 9d2 

9e 

VIII, Appendix • Example of an existing system with interesting 
features 10 

The following is an information management system with some 
interesting features. Food for thought. It was designed seven 
years ago by G, H, woolley of what was then SDS, It is described 
in a paper titled "Automatic Text Generation" in the proceedings 
of the 1969 International Conference on Computational Linguistics, 
The following are excerpts from that paper, 10a 

TEXT SPECIFICATION 10b 

A TEXT SPECIFICATION is a compact description of the outline of 
a text. The form of a text specification is as follows tl have 
put it into LlO syntax]: 10bl 

ctext specification> :: = lObia 

<subspeci£ication> $('; <subspecltication>) lOblai 

<subspecification> ;: = <object name> '( <R> $(', <P>) ') lOblb 

<R> :: = <reiation name> $ 1( '( <R> $(', <R>) ') ) lObic 

<object name< ::= one or more contiguous characters lObld 

crelation name> :: = lOble 

one to three contiguous alphabetic characters tOblel 

Object names are key words or phrases, They represent OBJECTS 
of interest within a data base, for example, names of commands 
in a programming language, people on a project or pieces of 
equipment in a system configuration, 10b2 

A RELATION is a connection or association between one object 
and a FRAGMENT OF TEXT (i,e, a part of a sentence or one or 
more closely related sentences) and zero or more other objects. 
The following are typical relation names; NT (narrower term): 
PT (part): FUN (function); SYN (syntax); EG (example), 10b3 

FIRST EXAMPLE 10b4 

2 4 
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Consider the following requests 

Please create a text that expl 
syntax of the narrower terms o 
each command should be include 
discussed separately -« functi 
last an example, 

10b4a 

ains the function and the 
f command. Examples of 
d. Each command should be 
on# first# then syntax# and 

10b4al 

This request can be stated briefly by the following text 
specification: 1 0b4b 

COMMAND (NT (FUN, SYN# EG)) 10b4b1 

The corresponding text that would be generated would have 
outline in the following form: 

an 
10b4c 

First Command 1 0 b 4 c 1 

Function of First Command 10b4cla 

Syntax of First Command 10b4c lb 

Example of First Command 10b4clc 

Second Command 10b4c2 

Function of Second Command 10b4c2a 

Syntax of Second Command 10b4c2b 

Example of second Command 10b4c2c 

etc, 1 0 b 4 c 3 

The output for one command in the outline might be: 10 b 4 d 

The function of the set command is to set a specified 
control parameter to a specified integer value. The 
format of the set command is: 10b4d1 

<name> = <integer> 10b4dla 

An example of the Set Command is; 10b4d2 

SMOU = 100 10b4d2a 

In the example# the maximum number of on-line users 
(SltOU) is set to 100, 10b4d3 
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SECOND EXAMPLE l°bS 

suppose that In addition to the text of the first example* 
an introduction is desired in which a list of all the 
commands is given, The appropriate text specification would 
be* 10b5a 

COMMAND (NT); COMMAND (NT (FUN* SYN* EG)) 10b5al 

THIRD EXAMPLE l°b6 

Suppose that instead of grouping information by command* it 
is desired that all the functions should be grouped 
together* etc. Then* the appropriate text specification 
would be: 10b6a 

COMMAND (NT (FUN), NT (SYN)* NT (EG)) 10b6al 

DATA BASE 10c 

A DATA BASE for a particular subject consists of two parts: 10cl 

(a) a thesaurus that relates objects to each other and to 
fragments of text* and lOcla 

(b) fragments of text, lOcih 

THESAURUS 10c2 

A thesaurus contains an entry for each object, 10c2a 

An entry for a single object consists of any number of 
relationships, Each relationship relates the object to a 
fragment of text and* in some cases* to one or more other 
objects in addition, 10c2b 

An object that is being focused on (i.e. as the object in a 
text specification or as the object that an entry is for) is 
referred to as a SUBJECT, 10c2c 

An object should be included under a relation in a 
particular entry if it occurs in the fragment for that 
relation and its meaning is not self-evident in that 
context, 10c2d 

The following is an example of an entry in a thesaurus for 
SET COMMAND: 10c2e 

SET COMMAND 10c2el 
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FUN{ 10 

CONTROL PARAMETER 

SYNj 11 

NAME 

# g 9 

INTEGER 

EG! 12 

10c2e1 a 

10c2eJal 

10c2elb 

10c2elbl 

10c2elb2 

10c2elb3 

10c2elc 

FUN, SYN and EG are relations, The function of the SET 
COMMAND is stated in fragment 10, the syntax In fragment 11 
and an example of the SET COMMAND is given in fragment 12, 
The object CONTROL PARAMETER occurs in fragment 10 and its 
significance is not self-evident in that context, 

TEXT FRAGMENTS 

10c2f 

10c3 

The data base includes a text fragment for each relationship 
in each entry, These fragments can be arranged (in the data 
base) into one or more unified texts, perhaps with some 
fragments left over, 10c3a 

Fragments 10, 11 and 12 referred to above might read as 
follows: 1Qc3b 

10: The function of the Set Command is to set a specified 
control parameter to a specified integer value, 10c3bl 

11: The format of the set Command is: 10c3b2 

<name> = <integer> 10c3b2a 

12: An example of the Set Command is 10c3b3 

SL:0U = 100 10c3b3a 

In the example, the maximum number of on-line users 
(SL:0U) is set to 100, 10c3b4 

(Later In his Paper woolley discusses multi-file data 
bases,] Although each specification must be directed at a 
particular data base, not all (or even any) of the fragments 
in the resulting text would necessarily be from that data 
base, 10c3c 
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[ S t i l l  l a t e r  h e  d i s c u s s e s  o n - l i n e  d o c u m e n t a t i o n  s y s t e m s , ]  1 0 d  

F I R S T  E X A M P L E  L O D L  

A  n e w  p e r s o n  h a s  b e e n  a s s i g n e d  t o  a n  i m p l e m e n t a t i o n  p r o j e c t .  
H e  w o u l d  l i k e  u p - t o - d a t e  d o c u m e n t a t i o n  o f  p a r t s  o f  t h e  
s y s t e m  r e l e v a n t  t o  t h e  w o r k  h e  w i l l  b e  d o i n g ,  i n  d i f f e r e n t  
a r e a s  h e  w a n t s  d i f f e r e n t  t y p e s  o f  i n f o r m a t i o n .  T h e  
s t r u c t u r e  o f  t h e  t e x t s  g e n e r a t e d  f o r  h i m  c a n  b e  t a i l o r e d  t o  
h i s  n e e d s  b y  u s e  o f  a p p r o p r i a t e  t e x t  s p e c i f i c a t i o n s .  I f  h e  
n e e d s  m o r e  i n f o r m a t i o n  i n  s o m e  a r e a s ,  h e  c a n  u s e  t h e  s y s t e m  
i n t e r a c t i v e l y ,  [ J  r e a l l y  i d e n t i f i e d  w i t h  t h i s  e x a m p l e ' ) ]  i O d i a  

S E C O N D  E X A M P L E  1 0 d 2  

T h e  i n f o r m a t i o n  i n  a  p a r t i c u l a r  a r e a  c h a n g e s  f r e q u e n t l y  a n d  
a  n u m b e r  o f  p e o p l e  n e e d  t o  r e c e i v e  u p  t o  d a t e  i n f o r m a t i o n  
p e r i o d i c a l l y ,  A  t e x t  s p e c i f i c a t i o n  c a n  b e  c r e a t e d  t o  
g e n e r a t e  t h e  a p p r o p r i a t e  i n f o r m a t i o n ,  a n d  ( a s s u m i n g  t h e  
s t r u c t u r e  o f  t h e  d a t a  b a s e  d o e s n ' t  c h a n g e  s i g n i f i c a n t l y )  t h e  
s a m e  s p e c i f i c a t i o n  c a n  b e  u s e d  t o  g e n e r a t e  a  t e x t  w i t h  t h e  
s a m e  s t r u c t u r e  ( b u t  d i f f e r e n t  i n f o r m a t i o n )  a s  o f t e n  a s  i s  
d e s i r e d ,  1 0 d 2 a  

l O e  
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T o  s i m p l y  s t a t e  t h a t  H e l p  s h o u l d  b e  t h e  u p - t o - d a t e  s o u r c e  o f  A R C  
h a r d c o p y  d o c u m e n t i o n  i s  n o t  g o i n q  t o  m a k e  i t  h a p p e n ?  t h o u g h  t h e  
b e n e f i t s  t h a t  w o u l d  r e s u l t  f r o m  s u c h  a n  a p p r o a c h  i n  m a i n t e n a n c e  o f  
d o c u m e n t a l i o n  o f  a  s y s t e m  a s  v o l i t i l e  a s  t h e  A K W  a r e  o b v i o u s ,  W i t h  
t h e  s a m e  a m o u n t  o f  e f f o r t  c u r r e n t l y  g o i n g  i n t o  m a i n t a n c e  o f  
i n f o r m a t i o n  d u p l i c a t e d  i n  o n l i n e  a n d  o f f l i n e  f o r m s ,  w e  c o u l d  h a v e  
u p - t o - d a t e  o n l i n e  a n d  h a r d  c o p y  d o c u m e n t a t i o n  i n  a l l  a r e a s  i n s t e a d  o f  
t h e  l a g g i n g  a n d  s p o r a d i c  c o v e r a g e  w e  h a v e  b e e n  s u f f e r i n g ,  1  

R e a c h i n g  o u r  s t a t e d  g o a l s  r e q u i r e s  t h e  d e v e l o p m e n t  a n d  i m p l e m e n t a t i o n  
o f  p r o c e d u r e s  f o r  d o i n g  i t .  S o m e  f e a s i b l e  t e c h n i q u e s  f o r  w r i t i n g  
d o c u m e n t a t i o n  w h i c h  w i l l  w o r k  b o t h  o n l i n e  a n d  o f f l i n e  h a v e  b e e n  
d e v e l o p e d  a n d  a p p l i e d .  F o r  e x a m p l e ,  s e e  t h e  R e a d m a i l  d e s i g n  d o c u m e n t  
/  h e l p  f i l e  /  u s e r g u i d e  < 2 6 4 6 4 , > ,  T h i s  d o c u m e n t  c a n  b e  O u t p u t  
P r o c e s s e d  t o  p r o d u c e  a  u s e a b l e  L i n e  P r i n t e r  o r  C O M  v e r s i o n ,  A t  t h e  
s a m e  t i m e ,  t h e  d i r e c t i v e s  c a n  b e  d e l e t e d  t o  p r o d u c e  a  f i l e  w e l l  
f o r m a t t e d  f o r  u s e  i n  H e l p ,  T h e  H e l p  d e v e l o p m e n t  d o c u m e n t ,  H e l p d ,  i s  
a n o t h e r  s u c h  f i l e ,  2  

A s  p a r t  o f  m y  c u r r e n t  N L S - 8 , 5  a n d  9  H e l p  d o c u m e n t a t i o n  w r i t i n g ,  I  
w o u l d  l i k e  t o  b e g i n  i n c o r p o r a t i o n  o f  s o m e  e x i s t i n g  h a r d c o p y  
d o c u m e n t a t i o n ,  s u b s e q u e n t  t o  b e i n g  i n c o r p o r a t e d  i n t o  h e l p ,  n e w  
e d i t i o n s  o f  a  d o c u m e n t  w i l l  b e  g e n e r a t e d  d i r e c t l y  f r o m  t h e  H e l p  f i l e ,  
N o t e  t h a t  d o c u m e n t s  c a n  b e  g e n e r a t e d  v i a  o u t p u t  p r o c e s s o r  d i r e c t i v e s  
i n  a n y  f o r m  d e s i r e a b l e ,  T h e  m a j o r  p a r t  o f  t h e  w o r k  * 1  w i l l  d o  i s  t o  
m a i n t a i n  a  g o o d  o u t p u t  p r o c e s s o r  /  C O M  f o r m a t  b y  s t r u c t u r i n g  t h e  
f i l e s  a n d  a d d i n g  d i r e c t i v e s  i n  s u c h  a  w a y  t h a t  w h e n  o u t p u t  p r o c e s s o r  
d i r e c t i v e s  a r e  d e l e t e d ,  t h e  d o c u m e n t  w i l l  b e c o m e  a  w o r k a b l e  h e l p  f i l e  
( a s s u m m i n g  t h e  e x i s t a n c e  o f  a  u s e a b l e  h e l p  a c c e s s i n g  s y s t e m ) ,  I  w i l l  
a l s o  u p d a t e  m a t e r i a l  o b s o l e t e  d u e  t o  c h a n g e s  i n  8 , 5  o r  9 ,  3  

D o c u m e n t s  t h a t  a r e  a p p l i c a b l e  i n  m y  c u r r e n t  w o r k  w i t h  t h e  c o r e  A K W  
h e l p  f i l e  a r e  " P r e f a c e  t o  N L S  T o o l s " ,  " T e n e x  G u i d e  t o r  U s e r s  o f  N L S " ,  
" L i n e p r o c e s s o r  u s e r s '  G u i d e " ,  " T N L 5 - 8  P r i m e r " ,  " I n t r o d u c t i o n  t o  
D N L S " ,  a n d  " H e l P  S e r v i c e s  s a m p l e  S e s s i o n " ,  I n  t h e  f u t u r e ,  I  e x p e c t  
t o  s e e  B a s e ,  s e n d m a i l ,  P r o g r a m s  ( i n c l u d i n g  D e a n ' s  p r o g r a m m i n g  g u i d e ) ,  
a n d  t h e  l o a d a b l e  s u b s y s t e m s  t r e a t e d  i n  t h e  s a m e  m a n n e r ,  T h e  
" p u b l i c a t i o n s "  h e l p  f i l e  b e i n g  w r i t t e n  b y  D V N  i s  g o i n g  i n  t h i s  
d i r e c t i o n ,  i t  c o n t a i n s  t h e  o u t p u t  P r o c e s s o r  U s e r s  G u i d e ,  a m o n g  o t h e r  
t h i n g s ,  4  

i n  o r d e r  f o r  t h i s  t o  w o r k ,  t h o s e  p e o p l e  r e s p o n s i b l e  f o r  t h e  u p d a t i n g  
a n d  m a i n t e n a n c e  o f  f u t u r e  v e r s i o n s  o f  t h e s e  a n d  o t h e r  d o c u m e n t s  w h i c h  
a r e  i n c o r p o r a t e d  i n t o  H e l p ,  m u s t  u n d e r s t a n d  a n d  a g r e e  t o  f o l l o w  t h e  
p r o c e d u r e s ,  5  

E s s e n t i a l l y ,  a l l  t h i s  m e a n s  i s  k n o w i n g  w h e r e  t h e  s o u r c e  f i l e s  a r e  
C X H E L P )  a n d  a g r e e i n g  t o  u p d a t e  t h e s e  t i l e s ,  6  
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I m p l e m e n t a t i o n  o f  p r o c e d u r e s  f o r  g e n e r a t i n g  u s e a b l e  h a r d c o p y  
d o c u m e n t s  f r o m  h e l p  f i l e s  

S i n c e  s o m e  o f  t h e  d o c u m e n t s  I n v o l v e d  a r e  m a i n t a i n e d  b y  A p p l i c a t i o n s ,  
I ' m  n o t  s u r e  w h a t  I  s h o u l d  d o  t o  g e t  a g r e e m e n t  o n  t h e s e  p r o c e d u r e s ,  7  

I  A M  s u r e  t h a t  A R C  c a n n o t  a f f o r d  t h e  e f f o r t  t h a t  c u r r e n t l y  I s  s p e n t  
m a i n t a i n i n g  i n f o r m a t i o n  d u p l i c a t e d  I n  b o t h  h a r d  c o p y  a n d  o n l i n e  
f o r m a t s .  S i n c e  t h e  i m p l e m e n t a t i o n  o f  t h e s e  p r o c e d u r e s  w o u l d  i n v o l v e  
A p p l i c a t i o n s  a n d  D e v e l o p m e n t  p e r s o n n e l  w o r k i n g  t o g e t h e r ,  i t  h a s  t h e  
p o t e n t i a l  a t  l e a s t  o f  h e l p i n g  t o  s e w  u p  t h e  s p l i t  t h a t  h a s  d i v i d e d  
t h e  d o c u m e n t a t i o n  e f f o r t  a t  A R C ,  8  
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Implementation of procedures for generating useable hardcopy 
documents from help files 

CJ26755) 26-0CT-75 21:43;;:; Title: Authorcs): Kirk E, Kelley/KIRK; 
Distribution: /DAVf [ INFO-ONLY ] ) P00H( C INFO-ONLY 1 ) J0H( ( 
INFO-ONLY ] ) EKM( I INFO-ONLY J ) HGL( [ INFO-ONLY ) ) BFVC I INFO-ONLY 
J ) RWW( t INFO-ONLY ] ) DVN( [ INFO-ONLY ] ) ; Sub-Collections: 
SRI-ARC; Clerk: KIRK; 
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2 6 7 5 5  D i s t r i b u t i o n  
D a v i d  C ,  S r r i t h ,  A n n  W e i n b e r g ,  * J t  D ,  H o p p e r ,  E l i z a b e t h  K ,  M i c h a e l ,  
H a r v e y  G ,  L e h t r o a n ,  B e v e r l y  B o l l ,  R i c h a r d  w »  W a t s o n ,  D i r K  H ,  V a n  
N o u h u y s ,  



BEV KIRK 27-OCT-75 01:42 26756 
Documentation Weekly report for week ending 10/26/75 

Bev 1 

This Week U 

Made changes in format for *74 Final Report, Sent off for two 
proof versions from DDSI, lal 

Worked on Lexicons in Xhelp, Base and Core, la2 

Edited part of minutes from KWAC meeting, la3 

Did some directory housecleaning and catching UP after week in 
Boston, la4 

Kirk 2 

Done 2a 

Gathered and reviewed Hardcopy sources for Core, 2ai 

Wrote a proposal tor implementing help --> hardcopy conversion 
process, 2a2 

Fixed bugs Bev found in core, 2a3 

Discussed Help with Dav 2a4 

Do 2b 

Discuss Frograms and Coool status with JAC3, 2bl 

Discuss Help with Bev and Dav 2b2 

Incorporate useful Hardcopy into core, 2b3 

Establish procedures for help hardcopy conversion and 
maintenance, 2b4 

1 
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Documentation Weekly report for week ending 10/26/75 

(J26756) 27-CCT-75 ot:42:;;; Title: Author(s): Beverly Boll, Kirk 
E, Keiiey/BEV KIRK; Distribution: /ARC-DEV( t INFO-ONLY ] ) ; 
Sub-Collections: SRI-ARC ARC-DEV; Clerk: KIRK; 
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J a n  H ,  K r e r r e r s ,  S u s a n  K ,  O c k e n ,  R a p h a e l  R o m ,  D a v i d  C ,  S m i t h #  A n d y  
P o g g i o ,  D a v i d  L ,  R e t z ,  J a n  A ,  C o r n i s h ,  L a r r y  L ,  G a r l i c k ,  D e l o r s e  M ,  
B r o o k s ,  B e v e r l y  B o l i ,  J a m e s  E ,  ( J i m )  W h i t e ,  A n n  W e i n b e r g ,  K e n n e t h  E ,  
( K e n )  v i c t o r ,  D i r k  H ,  V a n  N o u h u y s ,  J o n a t h a n  8 ,  p o s t a l ,  E l i z a b e t h  K ,  
M i c h a e l ,  D a v i d  s ,  M a y n a r d ,  K a r o l y n  J ,  M a r t i n ,  H a r v e y  G ,  L e h t m a n ,  K i r k  
E #  K e l l e y ,  C h a r l e s  H ,  I r b y ,  R o b e r t  L o u i s  B e l l e v i l l e ,  D o n  I ,  A n d r e w s ,  
R i c h a r d  W #  w a t s o n ,  D o u g l a s  C ,  E n g e l b a r t ,  



DAV 27-OCT-75 12:53 26757 

Bug In NLS 8 at BBNB 

There is a journal link in DCE's Oct 24 message in the line "A 
Speclal-Studies Support Center," (24758,), When I try to Jump to 
Link and bug it, I get "system tile error", which should probably 
never happen, But even more peculiarly, when I jump to Link and TYPE 
in the link, I get "file not on line,,,", 

1 
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