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

T h i s  d o c u m e n t  a d d r e s s e s  t h e  p r o b l e m  o f  c o m m e n t i n g  i n d i v i d u a l  M L S  
s o u r c e  c o d e  f i l e s  a n d  o f f e r s  s u g g e s t e d  f o r m a t s  f o r  v a r i o u s  L 1 0  
l a n g u a g e  c o n s t r u c t s ;  i t  a l s o  p r o v i d e s  s o m e  s u g g e s t e d  s t a n d a r d s  f o r  
e r r o r  h a n d l i n g  a n d  s o u r c e  c o d e  f i l e  a r r a n g e m e n t .  T h e r e  w i l l  b e  
o t h e r  d o c u m e n t s  t o  a d d r e s s  t h e  p r o b l e m s  o f  e x t r a c t i n g  . i n f o r m a t i o n  
f r o m  f i l e s ,  p r o v i d i n g  g l o b a l  d o c u m e n t a t i o n ,  e t c .  

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

T h e r e  a r e  i n s t a n c e s  i n  w h i c h  t h e  u s e  o f  a  f o r m  f o r  t h e  I F  
s t a t e m e n t  d i f f e r e n t  t h a n  t h a t  g i v e n  h e r e  w o u l d  b e  d e s i r a b l e .  
A l l  w e  a s k  i s  t h a t  t h e  s p i r i t  b e  p r e s e r v e d .  

T h i s  s p i r i t  w o u l d  b e  h a r d  t o  d e f i n e  e x a c t l y ,  b u t  a m o n g  i t s  
e s s e n t i a l s  w o u l d  b e  t h e  u s e  o f  B E G I N  a n d  E N D  a s  " b r a c k e t s "  
a r o u n d  b l o c k s  o f  c o m p o u n d  s t a t e m e n t  c o d e ,  t h e  u s e  o f  C A S E  
r a t h e r  t h a n  I P s  w h e r e  p o s s i b l e ,  a n  a t t e m p t  t o  k e e p  " i m p o r t a n t "  
l o g i c a l  i n f o r m a t i o n  a t  t h e  h i g h e s t  p o s s i b l e  l e v e l  ( w h i c h  
r e s u l t s  i n  t h e  s u g g e s t e d  f o r m  f o r  I F s  a n d  t h e  v a r i o u s  i t e r a t i v e  
s t t a t e m e n t s ) ,  a n a  a  g e n e r a l  a t t i t u d e  o f  w r i t i n g  c o d e  n o t  f o r  
y o u r s e l f  a n d  t h e  c o m p u t e r ,  b u t  f o r  y o . u r  b r o t h e r  a n d  s i s t e r  
p r o g r a m m e r s  w h o  m u s t  e v e n t u a l l y  d e a l  w i t h  y o u r  b u g s  t w o  y e a r s  
f r o m  n o w .  

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

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

T o  s e t  o f f  c o d e  i n  L 1 0 ,  o n e  s h o u l d  m a k e  u s e  o f  l e v e l  i n d e n t i n g  
w h e r e  a p p r o p r i a t e .  P r o c e d u r e s  s h o u l d  b e  t h o u g h t  o f  a s  
p a r a g r a p h s ;  t h e  d e n s i t y  o f  i n f o r m a t i o n  a n d  t h e  l a y o u t  i n  a  
p o r t r a y a l  c a n  m a k e  u n d e r s t a n d i n o  e a s y  o r  d i f f i c u l t .  S e p a r a t i n g '  
t o  p a r a g r a p h / n r n c e o u r e s  s h o u l d  b e  a  c l a n k  ( c r e a t e d  b y  a n  E Q L ) ,  
( S e e  b e l o w  f o r  f u r t h e r  d i s c u s s i o n  o f  c o m m e n t s . )  

A n  N L S  S y s t e m  P r o g r a m m e r s  H a n d b o o k  c o n t a i n i n g  p e r t i n e n t  J o u r n a l  
d o c u m e n t s  d e a l i n g  w i t h  o u r  s y s t e m  p r o g r a m m i n g  t o o l s  a n d  
c o n v e n t i o n s  a n d  e v e n t u a l l y  d o c u m e n t i n g  t h e  i n t e r n a l  w o r k i n g s  o f  
o u r  s y s t e m  s h o u l d  a l s o  b e  p r e p a r e d ,  
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U S E  O F  C O M M E N T S  

I t  i s  o b v i o u s t h a t  c o m m e n t s  s h o u l d  b e :  2 a  

m e a n i n g f u l  2 a 1  

c l e a r l y  v i s i b l e  a n d  d i s t i n g u i s a b l e  f r o m  c o d e  2 « 2  

u s e d  p r o f u s e l y  a n d  f r e e l y  t h r o u g h o u t  t h e  c o d e  2 a 3  

C o d e  t h a t  i s  n o t  o b v i o u s  t o  a  p r o g r a m m e r  r e l a t i v e l y  n a i v e  a b o u t  
t h a t  p a r t  o f  t h e  s y s t e m  s h o u l d  b e  c o m m e n t e d , ,  2 b  

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

a  _  x  ;  
w i t h  t h e  c o m m e n t :  

%  a s s i g n  x  t o  a  %  2 b i  

W e  p r e f e r  t h a t  c o m m e n t s  r e f e r  t o  a  l o a i c a l  g r o u p  o f  s t a t e m e n t s .  
L o g i c a l  g r o u p s  o f  s t a t e m e n t s  s h o u l d  a l l  b e  o n e  p i e x  w h o s e  u p  i s  a  
c o m m e n t .  2 c  

I t  s h o u l d  b e  e n t i r e l y  p o s s i b l e  t o  r e a d  o n l y  t h e  c o m m e n t s  e n d  t o  
k n o w  w h a t  a  p r o c e d u r e  d o e s  a n d  h o w  i t  d o e s  i t .  2 c l  

A  b u g  s h o u l d  n o t  b e  c o n s i d e r e d  f i x e d  u n t i l  t h e  c o m m e n t s  a r e  
D r o u g h t  u o  t o  d a t e ;  s i m i l a r l y  a  n e w  p r o c e d u r e  i s  n o t  f i n i s h e d ,  
a n d  s h o u l d  n o t  b e  a d o p t e d ,  u n t i l  i t .  i s  f u l l y  c o m m e n t e d  a n d  
d o c u m e n t e d .  2 c 2  

W i t h i n  a  p r o c e d u r e ,  a l l  l e v e l  t w o  s t a t e m e n t s  r e l a t i v e  t o  t h e  
p r o c e d u r e  d e c l a r a t i o n  s h o u l d  b e  c o m m e n t s ,  a n d  a l l  c o d e  w i l l  b e  
s u b s t r u c t u r e  o r  t h e s e  c o m m e n t s .  2 c 3  

F o r  d e e p e r  l e v e l s ,  i t  i s  p e r m i s s i b l e  t o  h a v e  c o m m e n t s  a n d  
" j  t h e  c o d e  t o  w h i c h  t h e  c o m m e n t s  r e f e r ,  a t  t h e  s a m e  l e v e l  t o  

c o n s e r v e  l e v e l s .  2 c 3 a  

H o w e v e r ,  i n  t h i s  c a s e  t h e  g r o u p  o f  c o m m e n t s  a n d  c o d e  m a y  
b e  s u r r o u n d e d  o n  b o t h  s i d e s  b y  a n  o p t i o n a l  b l a n k  
s t a t e m e n t  o r  c o m m e n t  ( t o  m a k e  t h e  g r o u p  s t a n d  o u t ) .  2 c 3 a i  

W h e r e  i t  i s  d e s i r a b l e  t o  c o m m e n t  a n  i n d i v i d u a l  s t a t e m e n t  w i t h i n  s  
l o g i c a l  g r o u p ,  i t  i s  p e r m i s s i b l e  t o  p l a c e  t h e  c o m m e n t :  o n  t h e  s a m e  
l i n e  a s  t h e  s t a t e m e n t  a n d  t o  t h e  r i g h t  o f  t h e  s t a t e m e n t .  2 d  

I t  i s  p r e f e r a b l e  t o  h a v e  a l l  c o m m e n t s  o f  t h i s  n a t u r e  s t a r t  i n  
t h e  s a m e  c o l u m n  ( u s e  s p a c e s ) ,  ? d l  



N e w  p r  o g r  a m m e r  '  s  D o c u m e n t a t i o n  s t a n d a r d s  
L L G  1 9 - D E C - 7 5  1 0 : 2 6  2 7 1 8 4  

T h i s  m a k e s  t h e  r e a d i n g  o f  a  p r o g r a m  e a s i e r  i n  t h a t  t h e r e  i s  a  
c l e a r  d i s t i n c t i o n  b e t w e e n  c o m m e n t s  a n d  c o d e .  2 d 2  

w i t h i n  a  s o u r c e  c o d e  f i l e ,  r e l a t e d  p r o c e d u r e s  s h o u l d  b e  g r o u p e d  a s  
a  p l e x  u n d e r  a  c o m m e n t  h e a d i n g .  T h e  f i r s t  b r a n c h  i n  s u c h  a  p l e x  
c o u d  b e  u s e d  f o r  e x p l a n i t o r y  c o m m e n t s  i f  d e s i r a b l e .  F i l e  w i d e  
d o c u m e n t a t i o n  s n o u I d  ' a p p e a r  a t  t h e  b e g i n n i n g  o f  a  f i l e .  2 e  

D O N ' T  C O M M E N T  R A D  C O D E ,  R E W R I T E  I T .  2 £  

2 
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USE OF SPACES 3 

Spaces should be used freely to make the reaainq of a proaram 
easier. 3s 

They should not be used in places in which their presence 
ooscures a natural bindinq (e.g., nested procedure calls within 
the parameter list of anothe proceudre calls; too many spaces 
between the parentheses could make it difficult to scan which 
parameters belong to which araument list.3 3al 

The use of punctuation could follow the generally accepted rules 
for the same puntuation in English, (Thus no spaces before 
periods or semi-colons or commas, etc.) ib 

The following rules should be obeyed (the rules may be broken if 
the use of a soace clouds an issue or if the use of a space(s) 
would force a one line statement to take two lines). Spaces 
should appear: 3c 

Between arguments in a parameter list. (This space should 
follow the comma and precede the succeeding argument.) 3c.t 

Before and after the or in assignments. 3c2 

Foliowino the colons In the conditional expressions in CASE and 
ON SIGNAL statements. 3c3 

Preceding and following the opening percent-sian of a comment. 3c4 

Wherever else the presence of a space serves to clarify or to 
satisfy your aesthetic sense. 3c5 

Parantheses s h o u 1 a >  a I s o be used to form groupings 'within 
expressions. 30 

3 
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LDG 19-DEC-75 105/6 27184 

BLOCKS— BEGIN, END 

A compound statement (a group delimited by the BEGIN and END; 
statements) should appear down from the statement of which it is 
the object, (See examples below.) BEGIN and END should be on the 
same level. 



New Programmer's Documentation Standards 
LLC 19-DEC-75 10:26 27184 

GOTO STATEMENTS AMD LABELS 5 

GOTO 5a 

GOTO should be avoided and should only be used to preserve 
structure when unusual transfers of control are used (e.g. an 
interruot handler), 5ai 

LABELS 

Labels should be avoided. They may be used, though, to provide 
a location to be reached by a goto or for return of control 
from a catchphrase. 561 

j 
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CASE STATEMENTS 6 

CASE case-clause OF 6a 
v cona-expl: simple-statement; 6a 1 

cond-exp2: 6a? 
BEGIN 6a2a 

6a2b 
END; 6a2c 

cond»exp3:simple-staternent; 6a3 
6 a4 

cond-expn: simple-statement; 6ab 
END'CASE simple-statement; 6a6 
--OR-- 6a7 
ENDCASE 6a8 

BEGIN 6a8a 
... 6a8b 
END; • 6a8c 

"j 

6 
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IF STATEMENTS 7  

Please note that very often complicated nested TPs become simpler 
ir rewritten as CASE statements. 7a 

FORM lj entire statement tits on one line 7b 

IF if-clause THEN then-clause [ELSE else-clausej? 7bl 

FORM 2: entire statement does not fit on one line 7c 

FORM 2A: simple then-clause and simple else-clause 7cl 

IF if-clause THEN then-clause 7cla 
ELSE else-clause; 7clb 

FORM 2B: complex then-clause and complex else-clause 7c2 

IF if-clause THEN % Comment % 7c2a 
BEGIN 7 c 2a1 

7c2a2 
END 7c2a3 

ELSE % Comment % 7c2b 
BEGIN 7c2bl 

7 c 2b 2 
END; 7c2b3 

FORM 2C: simple then-clause and complex else-clause 7c3 

J.F if-clause THEN then-clause 7c3a 
ELSE 7c 3b 

BEGIN 7 c ?b1 
7c3b2 

END; 7c 303 

FORM 2D: complex then-clause and simpie else-clause 7c4 
O 

IF if-clause THEN 7c4a 
BEGIN 7 c 4 a 1 
... 7c4a2 
END 7c4a3 

ELSE else-clause; • 7c4b 

7 
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ITERATIVE STATEMENTS 8 

UNTIL STATEMENTS 8a 

FORM l: entire statement fits on one line Sal 

UNTIL until-clause DO simple-statmert; Bala 

FORM 2: entire statement doesn't tit on one line 8a2 

UNTIL unti1-clause DO 8a2a 
simple-statement; 8a2al 

--OR-- 8 a2 b 

UNTIL until-clause DO 8s?c 
BEGIN 8a2c1 
... 8a2c 2 
END; 8a2c 3 

WHILE STATEMENTS 8b 

FORM 1: entire statement fits on one line 8bl 

WHILE while-clause DO simple-statment; 8b!a 

FORM 2: entire statement doesn't fit on one line 8b2 

WHILE while-clause DO 8b2a 
simple-statement; 8b2ai 

--OR-- 8b2b 

WHILE while-clause DO 8b2c 
BEGIN 3b2cl 

8b?c2 
END; 8b2c3 

DO STATEMENTS 8c 

FORM 1; entire statement fits on one line 8cj 

DO do-clause WHILE/UNTIL while/unti1-clause; Bcla 

FORM 2; entire statement doesn't fit on one line 8c2 

DO do-clause 8c2a 
WHILE/UNTIL whi1e/unti1-clause; 8c2b 
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--OR-™ 8c2c 

DO Rc2d 
BEGIN 8 C 2 d1 

8c2d2 
END 8 c 2 d 3 

WHILE/UNTIL while/until-clause; 3c2e 

FOR STATEMENTS 8d 

FORM 1: entire statement fits on one line 8dl 

FOR for-clause DO simple-statment; 8dla 

FORM 2: entire statement doesn't fit on one line 8d2 

FOR for-clause DO „ 8d2a 
simple-statement; 8d2al 

--OR-- 8d2b 

FOR for-clause DO 8d2c 
BEGIN 8d2cl 
• *• 8d2c 2 
END; 8d2c3 

LOOP STATEMENTS 8e 

FORM 1; entire statement fits on one line Pel 

LOOP loop-clause; 8ela 

FORM 2; entire statement does not fit on one line Re2 

LOOP 8e2a 
BEGIN 8e2al 

8e 2a2 
END; " 8e2a3 
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F I N D  S T A T E M E N T S  

C o m m e n t s  a r e  d e f i n i t e l y  i n  o r d e r  h e r e ;  a l s o ,  b e c a u s e  o f  t h e  
p r o p e r t i e s  o f  F I N D  s t a t e m e n t s ,  i t  i s  m o r e  o f t e n  t h a n  n o t  a d v i s a b l e  
t o  n a v e  t h e m  a s  F I N D  e x p r e s s i o n s  i n  I F  s t a t e m e n t s  w i t h  a p p r o p r i a t e  
e r r o r  t r a n s :  i f  t h e r e  i s  a  f a i l u r e ,  p o i n t e r s  m a y  n o t  b e  w h a t  y o u  
w o u l d  e x p e c t  o t h e r w i s e .  

S  0  
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ERROR HANDLING J  <" 

Errors should be handled by signals (ABORT/ HELP/ NOTE), calls on 
appropriate error routines such as err, or by returning a well 
defined value. 1 0 a  

All procedures that generate or catch signals should have the 
appropriate documentation (see PROCEDURE CODE;, NON-STANDARD 
CONTROL). 3 0 a l  

Note that the use of signals with uniquely defined SIGNAL 
values oermits the passing of more information and control in 
error situations than a call on err, 10a2 

When a signal is caught, care should be taken that the action 
appropriate for the signaltype is chosen. Each catchDhrase 
should be able to respond to an ABORT, HELP, or NOTF correctly. 
To aid in handling this problem, a template for catchphrases is 
suggested, 10a3 

CATCHPHRASE STATEMENTS 3 0 b  

Catchphrases should he located at the end of the procedure body 
under a second level comment just prior to the "END." 
statement. 3 Obi 

(catchname) CATCHPHRASE ( : res/, res3, res4); I0b2 
BEGIN 
CASE SIGNALTYPE OF 

= abort.type : 
simple-statement 

i 01 2a 
1 Ob 2b 

1 0 b ? b 1 

- notetype : 
simple-statement 

10 b 2 b 1 a 
1 0 b 2 b 2 

= he 1 ptyp/e : 
simple-statement 

1 Ob2b2a 
3 0b2b 3 

ENDCASE 
CONTINUE? 

1 Ob 2b3a 
10b2c4 

END; 

10t-2'r4? 
1 0c2c 
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PROCEDURE CALLS 11 

Should not be links. Rather, a "catalog" file of links (produced 
by a user program making use of sysgd) cars be accessed via 
Jump-to-Name-External. Ha 
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PROCEDURE CODE 1 2 

All PROCEDURE statements should be at the same level. Procedures 
should be organized together functionally in a surce code file 
down a level from an apcrooriate funtional definition comment. 
(e.g.,, % Parsing Procedures ..%, Error 
Routines %, etc.) 

Eacn procedure should be classed by its potential for use as a 
black box (e.g. as a procedure called by user-orograms). The 
following class codes should be used to cnaracterize a procedure: 

G = Guaranteed to stay around with the same user interface for 
some time to come. 

U = Useful routine but not guaranteed to stay around from 
version to version. 

L = Lower level routine that should only be used when higher 
level routines will not suffice. Absence of "L" implies a 
higher level routine. 

B = NLS backend routine that is callable by any user orocram. 
Absence of "R" implies that the routine is not loaded with NLS, 

"L, contol-L or formfeed, could be used in the code to produce 
we 11"paginated listings. There should be a "L before the 
funtional definition comments and before long procedures. 

This will make smaller blocks of information start on a new 
Dage when listed via OUTPUT QU1CKPRINT. Thus, a branch-only 
guickprint of a changed part of a source code file may easily 
be inserted into our listings. 

An EOL should aDpear after the "END.". 

Example: 

% Blapoing routines %<E0L> 

% General comment about blap routines. way be a branch. 
%<EOL> 

(procname) % CL:prcg-class; ore-line-description % <EQT> 
PROCEDURE (FP1 <tyoe>, FPm % => [meta-res] RES1 <type>, 

RESn %)? 
% Procedure description 

FUNCTION 
detailed description o f  what the procedure is 

1 2 a  

.1 2b 

1 2b 1 

1202 

i 2b? 

1 2b4 

12c 

1 2c 5 

1 2d 

12e 

i ?el 

1 2 e 1 a 

1 ?e lb 
) 2 e i b I 

1 2 e 1 b 1 a 

1 3 
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supposed to do and the algorithms used (where 
approcriate) 

ARGUMENTS 
FP1 -- type - <special entity tyoe> - description 

o f v a 1 u e 

FPm -- type -
of value 

<special entity type> - descriotion 

Example: 
src -- LIST - <LSEL> - list of 3 elements 
(Entity type INDEX, user typein LITERAL, 
window-id INTEGER). 
userident -- STRING - addr of string 
containing Ident; 1-5 chars. 

RESULTS 
[meta-res] -- description of value 
RES1 (proc value) -- type - description of value 

RESn -- type - description of value 
NON-STANDARD CONTROL 

SIGNALS GENERATED 
Descriptions of errors generated, as well as 
help signals, notes, etc. Example: 

SIGNALS GENERATED 
If the argument 'fco' is not a list 
error sianal 

ABORKcantdothat, "jYou've got to 
list, dummy!") 

is generated. 
SIGNALS CAUGHT 

Descriotions of sianals that are stopped 

12e1 Dial 
1 2 e 1 b 1 b 

12elblb1 
1 2 e 1 b 1 b 2 

12 e 1 b 1 b 3 
1 2 e 1 b 1 b 4 

12 e 1 b 1 b 4 a 

OS 

12elb 1b4al 

12elb!b4a2 
12elblc 

12e1blcl 
! 2 e 1 b 1 c 2 
1 2 e 1 b 1 c 3 
12eloic4 
12elbld 

12e1bldl 

12 e1b1dla 
1 2 e 1 b 1 d 1 a 1 

, the 
1 2 e 1 b 1 d 1 a 1 a 

oass a 
12elbldlalai 
12 e 1 b 1 d 1 a 1 b 

12elbld2 
and/or 

modified by invoked catchnhrases. Signals that 
are CCNTINUEd need not be mentioned. If a 
catchohrase generates a new signal, the new . 
signal should be described in the SIGNALS 
GENERATED entry. Example: 12elbld2a 

SIGNALS CAUGHT 12elbld2at 
This procedure stoos all error signals 
(all signals of type "abort"). 12elbld2ala 

INTERFACE 1 2e1b]d 3 
A description of all unusual transfers of 
control, interrupt routines, context switches, 
stack modifications, etc 

GLOBALS 
Globals read -- tyDe 
Globals modified -- type -

Declarations % 

description of value 

1 2 e 1 b 1 d 3 a 
12eible 

1 2 e i b 1 e 1 
i2elble2 
12 e ' fc 1 f 
1 2 e 1 b 2 

1 4 
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(recommended ordering) 
LOCAL 
LOCAL TF XT POINTER 
LOCAL STRING 
LOCAL LIST 
REE 

<body of the procedure> comments only at this level 
END.<EOL> 

* f 

% 

Programmer's Template ( ref. <nine, pxoctemolate,> ) 
(orocname) % CL: ; or.e-line-description % 
PROCEDURE (arql <type>, ... , argn % => (meta-resj resl 

r e s n % ); 
Procedure description 
FUNCTION 

none 
ARGUMENTS 

none 
RESULTS 

none 
NON-STANDARD CONTROL 

none 
GLOBALS 

none 

% Declarations % 
<procedure bodv> 
END. 

<type: 

in FE initrule 
Ex ample: 

(xinit) % CLJGB; Init. procedure called 
PROCEDURE (rtnlist REF % => see arg %)? 

% procedore description 
FUNCTION 

This procedure is called during the initialization 
rule of the NLS grammar. The FE will restart a 
failing init rule, so this procedure always returns 
successfully to the FE and returns the real outcome 
as a result. The result is tested in the grammar 
and if it indicates railure, a parsefunction to 
terminate the tool is called. 

ARGUMENTS 
rtnlist -- REF - addr of result list (for middle 
end) . 

RESULTS 
proc value -- TRUE always. 
rtnlist -- RFF - addr cf result list; LIST ( 
outcome BOOLEAN ) 

N0N»STANDARD CONTROL • 

12elb2a 
12 e 1 b 2 b 
12e1b2c 
12 e 1 b 2 d 
12e1b2e 
12e 1 b2f 
]2elb3 

12eJb4 
121 

1211 

121 la 
1 ?f lol 

12 f 1 a 1 a 
1 2 f l a 2 

i 2fla2a 
12£la3 

12 f1 a 3a 
12 f 1 a 4 

1 2 f1a4a 
12 f1a5 

12 f 1 a 5 a 
12 f 1 a 6 
1 2 f lb 
1 2 f 1 c 

1 2 f 1 d 
1 2 f 2 

1 2 f 2 a 
12f2al 

12 f 2 a 1 a 

12 f 2 a 1 a 1 
1212a lb 

.1 2 f 2 a ) b 3 
1 2 f 2 a 1 c 

12 f 2 a 1 c 1 

12f2alc2 

1 5 
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SIGNALS GENERATED 12f2a1dl 
A call is made to err if procedure feinfo fails. 

12f2alrita 
SIGNALS CAUGHT 12f2ald2 

All aborts are terminated. The catchphrase 
initfail returns a failure result to the EE, 
which calls a parsefunction to terminate the 
tool. 
All other signals are continued. 

GLOBALS 

no. of active da's; initialized to 0, 
MODIFIED 

d a c n t 

PEAD 
uboolean 

invoke catchphrase% 
INVOKEUnitfai 1, rtnsetfail); 

initialize user options (profile) % 
uoinit(); 

get frontend information % 
IF NOT feinfoO THEN err($"abort back to EE"); 

display area initialization 5!; 
dacnt _ 0; 
intdafl (Ltda _ newdaf)); 

ODen initials file % 
initidf); 

drop catchphrase % 
DPOPUnitf ail); 

return % 
#rtnlist#tl3 - USE makedesc(uboo1ean,TRUE #  FALSE 5 ? 
(rtnsetfail): 

RETURN; 
catch.phrases % 
(initfail) CATCHPHRASE; 

e E GI N 
CASE S1GNALTYPE OF 

=aborttype: 
ELGIN 
Jrrtnlist# ft ] - USE makedesc(uboolean, FALS 
FALSE); 
TERMINATE; 
END; 

ENDCASE 
CONTINUE; 

END; 

12f2ald2a 
12 f2aid2b 

12 f 2 a 1 e 
1 2 f 2 a 1 e 1 

END. 

12f2a1 el a 
12f2ale2 

12f2ale2a 
12 f 2a1f 
1.2 f 2 a 2 

1 2 f 2 a 2 a 
12f2a3 

12 f 2a 3a 
12 f 2a4 

1 2 f 2 a 4 a 
12 f2a5 

12f2a5a 
12 f 2a5b 
12 f 2 a 6 

1 2 f 2 a 6 a 
1212a7 

12f2a7a 
1 2 f 2 a 8 

1 2 f 2 a 8 a 
1 2 f 2 a 8 h 

12f 2a3b1 
12 f2a9 

12f2a9a 
12f2%Val 
1 2 f 2 a 9 a 2 

12f2a9a2a 
12f 2a'9a2al 

1 2 f 2 a 9 a 2 a 2 
5 2f2a9a?a3 
12f2a9a2a4 
i 21 2 a 9 a 2 P 

1 2 f 2a9 a2b1 
12f2a9e3 

12f2a 10 

1 6 
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(dismes) % CL:GB : display a message to the user % 
PROCEDURE (type, astrnq REF % => %); 

% Procedure description 
FUNCTION 

This routine is called to display a message on the 
screen or tty. It performs a PCP call to the 
Frontend "show" function to display the message. 
It will break the string into substrings, at line 
boundries, if the size exceeds the maximum 
allowable by the FE. 

ARGUMENTS 
type -- INTEGER - value determines the disnlay 
action 

type = 0: 
will remove any message on the screen. An 
A-string need not be given in astrna in this 
case. I2f2blblal 

type >0: 12f2blblb 
the messaae will be displayed, and the 
routine will return (with the message still 

1 2 f 2b 
12 f2b1 

12 f 2b 1 a 

\ 2f 2b1 a 1 
12f2blb 

1 2 f 2 b 1 b 1 
12f2b lb la 

on the screen). 
astrnq -- REF - addr of string to be displayed, 
type is non-zero. 

RESULTS 
none 

NON-STANDARD CONTROL 
SIGNALS GENERATED 

Calls err(S"strinq too long 
astrna.L exceeds FE maximum 
characters exist. 

GLOBALS 
READ 

maxdpschar 
display. 

1 2 f 2b1blb 1 
i f 

12 f 2fc1b2 
1 2 f 2 b t c 

12f2bicl 
12f2b id 

12f2bldl 
to 
ano 

display") if 
no end-of-line 

max, number of char. FF: can 

addr of current 
characters sent 

Dec 1 arat ions % 
LOCAL 

wrkstr REF, 
c h s e n t = 0 , 
notdone = TRUE; 

LOCAL TEXT POINTER 
tps, tpe? 

LOCAL LIST 
s h o w a r g s (3.1 , r e s 1 11 ] ; 

package and send trie string, 
& w r k s t r _ n a s t r n g; 
WHILE notdone DO 

BEGIN 
IF wrkstr.L > = maxdpschar THEN 

substring 

within FE constraint: 

1 2 f 2 b 1 d 1 a 
12 f 2 fc 1 e 

12f2fc1 el 

1 2 f 2b1e1 a 
1 2 f 2 b 1 f 
12 f2b2 

12 f 2 fc 2 a 
i 2 f 2 b 2 a 1 
3 2f 2b2a2 
12f 2h 2a3 
l?f2b2o 

1 2f2b2bl 
1212b2c 

12 f2b2c 1 
i2 f 2b 3 

12 f 2b 3a 
3 2 f 2 b 3 b 

1 2 f 2 b 3 D1 
1 2f 2b3b2 

1 7 
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12 f 2 b 31; 2 a 
12f2b3b2b 

1?{2b3b2ol 
12 f 2b 3b2c 

1 2 f 2 d 3 b 2 c 1 
THEN 

1 2f2b3b2c2 
12f2b3b?c3 
12f.2b3b2c4 
12f2b3b2d 
12f2b3b3 
12f 2b 3b4 

12f2b3b4a 
12f2b3b4al 

12 f2b3b4ala 
12£2b3b4alai 

BEGIN % move string header and send next 
substring 4 
% setup max allowable string % 

wrkstr.L _ maxdpschar; 
% scan back past last end-of-line % 

FIND SFOwrkstr*) "tps SE(*wrkstr*) *tpe 
IF NOT FIND [EOL/CCR LF)/(LF CR)3 "toe 
err(S"Strinq too long to display"); 
•wrkstr* - tps tpe? 
chsent _ chsent. + wrkstr.L + 1; 

END 
ELSE not-done „ FALSE; 
% send the string % 

% build argument list % 
CASE type OF 

= 0: 
<tshowargs # _ "" , 

USE makedesc(uboolean, nocawait, 
FALSE); 12£2b3b4alala 

ENDCASE 1?f2b3b4alb 
#showargs# _ twrkstr*, 12f2b3b4aibl 

USE makedesc(uboolean, nocawait, 
FALSE); 12f2b3b4albla 

% make remote call % 12f2b3b4b 
CASE howpcp OF 12f2b3b4bl 

= 2: % D P S % 12f2b3b4bla 
BEGIN • i 2f 2b3b-4b 1 ai 
IF NOT fepkh THEN fepkh _ opnpkg(2, 
S"tool-package"); 12f2b3b4bla2 
pcrcall (feprh, fepkh, S"show", 
Sshowaras, 0); I2f2b3b4bla3 
END? 12 £ 2 fc 3 b 4 b1 a 4 
, = 3; %S-P, M S G % i2 f 2b 3 b 4 b 1 b 
ex teal 1 (femailbox [ 1 ] , S"show"P 2 
%in-line v;/ ack%, $ showargs 

= 1 

ENDCASE; 
% move header past: last end-of-line 

IF notdone THEN 
BEGIN 
& wr k s t r „ & w r k s t r + (wrkstr.L 
wrkstr.L „ astrng.L - chsent; 
END; 

% null argument list % 
#showargs# _ ; 

END; 
return % 
RETURN; 

$ r e s 1); 
1 2 f2fc3b4o1bi 
12£2b3b4blc 

1 2 £ 2 b 3 b 5 
12 f 2 b 3 b 5 a 

1 2 f 2 b 3 b 5 a 1 
4) / 5; i2 £ 2 h 3 b 5 a 2 

12£2b3b5a3 
1 2f2b3b5a4 

12f2b3bfe 
1 2 £ 2 b 3 b 6 a 
12£2b3b7 

1 2 £ 2 b 4 
1 2 f 2 b 4 a 
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FILE STATEMENTS 13 
Should satisfy the requirements of the lionls/tasks comoilation 
system, 13a 

FILE filename % ccomoiler-dir>compiler-flie <rel-dir>rel-file 
% 13al 

i'y 

20 
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FILE STRUCTURE 14 
Branch 1: FILE STATEMENT Ha 
Branch 2: Documentation for this file. What procedures in this 
file have in common, arrangement of procedures and data 
structures, other relevant general information. 14b 
Branch 3: Declarations for this file and comments on unusual 
global data structures which may be used. 14c 
Branch 4 - Branch n: General procedure cluster grouping comments. 14d 

See PROCEDURE CODE recommendation above. 14dl 
BRANCH n+1: FINISH 14e 
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1 5al 

MISCELLANEOUS \ 3  

Do not. use short cuts which may prove contusing to others. 15a 
A notable example is the time and space saving omission of a 
REF on pointers which have neen passed as arguments to one 
procedure which uses it only as an argument in another 
procedure call. Even in this case the variable should be REF'd 
and then unrefed (with an &) in the argument list of the called 

procedure. 
If you chanqe procedures, please try to make sure your changes 
affect no one else. In particular, if you change the number of 
arguments to a procedure, do a search to see where the procedure 
is called and chanae those places if necessary. 15b 
Use procedure and parameter names which are funcionally 
descriptive wherever possible. 15c 
Don't make your procedures too long with particularly complicated 
nested loops. If possible and desirable, consider breaking the 
code into several procedures-*" it will make your code easier to 
read and understand and will also avoid the problem of DDT 
''forgetting" which procedure you are in if it is too long. 15d 
Try to confine alobal declarations to (documented) branches in 
data files or constant files. i 5 e  

Try to use locals before declaring globals. Avoid the use, where 
possible, of global strings. 15-
Try to put Drocedures inappropriate files. 15g 

For example, all procedures dealing with file ocening and 
closing should be grouped. i5gi 

Try to avoid duplicating code except where essential for 
efficiency. If you can use a procedure except for a few 
instructions, generalize the procedure or separate out common code 
into an additional "core" procedure. 15h 
Note all changes in a status file or a branch in Cn 1 s, tasks). 1.51 

2? 
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A rtigh-Levei framework tor Network-Based Resource Sharing 
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dames E. White 
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Menlo Park, California 94025 

C415) 325-u200 X2960 

This paper proposes a high-level, application-independent 
protocol and software framework that would extend tne local 
programming environment to embrace modules in other computers 
within a resource snaring computer network, ana thereby 
facilitate tne construction of distributed systems and encourage 
tne sharing of resources. 

The work reported here was supported by the Advanced Research 
Projects Agency of the Department of Defense, ana by the Rome Air 
development Center of the Air torce. 

This paper has oeen submitted for publication in tne 
Proceedings of the 19/6 Rational Computer Conference. 
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WCC It A High-Level Framework lor Network-Based Resource Sharing 

^ihE GOAL, RESOURCE SHARING 

The principal goal 01 all resource-snaring computer networks, 
including the now international ArRa Network (.the ARPANET), is to 
useluliy interconnect geographically distributee} hardware, software, 
and human resources lu. Achieving this goal requires the design 
and implementation of various levels of support software within each 
constituent computer, and the specification of network-wide 
"protocols" Ctnat is, conventions regarding the format and the 
relative timing of network messages) governing tneix interaction. 
This paper outlines an alternative to the approach that ARPANET 
system ouilders have been taking since work in this area began in 
1970, and suggests a strategy for modeling distributed systems 
witnin any large computer network. 

ihe first section of this paper describes the prevailing ARPANET 
protocol strategy, which involves specifying a family of 
application-dependent protocols with a network-wide inter-process 
communication facility as their common foundation, in the second 
section, the application-independent command/response discipline 
that characterises this protocol family is identified and its 
isolation as a separate protocol proposed, such isolation would 
reduce the work of tne applications programmer by allowing the 
software tnat implements tne protocol to be lactored out of eacn 
applications program and supplied as a single, 

•
installation-maintained module. The final section of this paper 
proposes an extensible rnooel tor this class of network interaction 
that in itself would even further encourage the use of network 
resources. 

- 1  
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The Current Software Approach to Resource snaring 

THE CURRENT SOFTWARE APPROACH TO RESOURCE SHARING 2 

Function-Oriented Protocols 2a 

The current ARPANET software approacn to facilitating resource 
sharing has been detailed elsewhere in the literature 12, a, 4J. 
briefly, it involves defining a Host-host Protocol by which the 
operating systems of the various "host" computers cooperate to 
support a network-wide inter-process communication (.IPC) facility, 
ana then various function-oriented protocols by which processes 
deliver and receive specific services via IPC. Each 
function-oriented protocol regulates the aialog between a resident 
"server process" providing the service, ana a "user process" seexing 
the service on oenalf ct a user rtne terms "user" ana "user piocess" 
will be used consistently throughout this paper to distinguish the 
human user from the computer process acting on his behalf J. 2ai 

The current Host-host Protocol has been in service since 19/0. 
Since its initial design and implementation, a variety of 
aeficiencies nave been recognized ana several alternative protocols 
suggested lb, bj. Although improvements at this level would surely 
have a positive effect upon Network resource sharing, the present 
paper simply assumes the existence of some form of IPG and focuses 
attention upon higher level protocol design issues. 2ay 

^ Each of the function-oriented protocols mentioned in this paper 
constitutes the official ARPANET protocol for its respective 
application domain and is therefore implemented at nearly all of the 
7b nost installations that now comprise tne Network, it is 
primarily upon this widely implemented protocol family rand the 
philosophy it represents! tnat tne present paper focuses. Needless 
to say, otner important resource snaring tools have also been 
constructed within the ARPANET. The Resource Snaring Executive 
(RSEXECJ, designed and implemented oy Bolt, Beranek ana Newman, inc 
C7J , provides an excellent example of suet) work. 2a3 

Experience witn and Limitations ot Hands-On Resource snaring 2b 

rhe oldest ano stiii by far the most heavily useo 
function-oriented protocol is the Telecommunications Network 
protocol C TELNET J I a J , wnich effectively attacnes a terminal on one 
computer to an interactive time-sharing system on another, and 
allows a user to interact with tire remote system via the terminal as 
i f  n e  w e r e  o n e  o t  i t s  l o c a i  u s e r s .  2 o l  

-2-
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ine Current bottware Approach to Resource Snaring 

As depicted in Figure 1, TELNEi specifies the means by which a 
user process monitoring the user's terminal as interconnected, via 
an IPC communication channel, with a server process with access to 
the target time-sharing system. TELNET also legislates a standard 
character set in which the user's commands ana the system's 
responses are to oe represented m transmission between machines. 
The syntax and semantics of these mtercnanges, howevei , vary from 
one system to another and are unregulated oy tne protocol; the user 
and server processes simply shuttle characters between the human 
user and the target system. 2b2 

Although the hands-on use or remote resources that TELNET makes 
possible is a natural and highly visible form of resource snaring, 
several limitations severely reduce its long-tern, utility: 2o3 

tli it forces upon tne user all of tne trappings or the 
resource's own system. 

TO exploit a remote resource, the user must reave tne 
familiar working environment proviaea by nis local system and 
enter an alien one with its own peculiar system structure 
(.login, logout, and subsystem entry and exit procedures.) and 
command language discipline (.command recognition and 
completion conventions, editing characters, and so onj. 
nands-on resource snaring thus fails to provide tne user with 
tne kino of organized and consistent workshop he requires to 
work effectively 19J. 

12j it provides no basis tor bootstrapping new composite 
resources from existing ones. 

because the network access discipline imposeo oy each 
resource is a nurnan-engineeied command language, rather than a 
machine-oriented communication protocol, it is virtually 
impossible ior one resource to programaticaily draw upon tne 
services or others. Doing so would require tnat the program 
deai successfully with complicated echoing and feedback 
characteristics; unstructured, even unsolicited system 
responses; and so forth. Hands-on resource sharing thus does 
nothing to provide an environment in which existing resources 
can be used as building blocks to construct new, more powerful 
ones. 

Inese inherent limitations of hanos-on resource snaring are 
removed by a protocol tnat simplifies ana standardizes tne dialog 
between user and server processes. Given such a protocol, the 

- 3 -
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various remote resources upon which a user might wish to araw can 
indeed oe made to appear as a single, coherent workshop cy 
interposing between him and them a command language interpreter that 
transforms his commands into the appropriate protocol utterances 
[10, lij. ine construction of composite resources also becomes 
feasible, since each resource is accessible by means of a 
machine-oriented protucoi and can thus be reaaily employed by other 
processes within the network. 2b4 

Standardizing the inter-Machine Dialog in Specific Application Areas wc 

After the TELNET protocol had been designed ana widely 
implemented within tne ARPANET, work began on a family of 
function-oriented protocols designed tor use cy proyrams, rather 
than human users. Each such protocol standardizes the inter-machine 
dialog in a particular application area. While TELNET dictates only 
tne manner in wnich user ana server processes are interconnectea via 
the IPC facility, and tne character set in widen tne two processes 
communicate once connected, each member of this family specifies in 
addition tne syntax and semantics oi tne commands ana responses that 
comprise their dialog. wcl 

Protocols within this family necessarily differ in substance, 
eacu specifying its own application-specific command set. Tne File 

•
Transfer Protocol (FTP) [12J, for example, specifies commands tor 
manipulating files, and the Remote Job Entry Protocol IPUE) ll3j 
specifies commands for manipulating batch joes. Protocols 
throughout the family are, however, similar in form, each successive 
family member having simply inherited the physical features or. its 
preaecessors. Thus FTP and RJE enforce the same conventions for 
formulating commands and responses. 2cz 

This common commana/resporse discipline requires that commands 
ana responses nave the following respective formats: 2c3 

command-name <SP> parameter <CKLF> 
response-number <6P> text <CRLt> 

Each command invoked by the user process is identitiea by NAML ana 
is 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 explanatory TEXT tior 
presentation, if necessary, to tne userj. Response numbers are 
assigned in sucn a way that, tor example, positive and negative 
acknowledgments can be easny distinguished by the user process. 2c4 
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t i p  c o n t a i n s ,  a m o n g  o t h e r s ,  t h e  f o l l o w i n g  c o m m a n d s  ( . e a c h  l i s t e d  
with one of its possiole responses; for retrieving, appending to, 
replacing, and deleting files, respectively, within the server 
process' tile system: 2c5 

Command Response 

REiR <SP> filename <cRLF> 
APPE <sp> filename <CRLF> 
S TOR <SP> filename <CRhF> 
DEbE <SP^ filename <CRbF> 

260 <.6P> Beginning transfer. <CRLF> 
400 <op> Not implemented. 

460 <SP> tile not found. 

<CRLt > 
463 <SP> directory overflow. <CREF> 

<CRLF> 

The first three commands serve only to initiate tne transfer of a 
file from one machine to another. Ihe transfer itself occurs on a 
separate IPC channel and is governed py what amounts to a separate 
protocol. 

Since tne generai command format admits but a single parameter, 
multiparameter operations must be implemented as sequences of 
commands. Thus two commands are required to rename a file; 2c7 

Command Response 

RNFR <;SP> 
RNTO <6P> 

oldname 
newname 

<CRLF> 
<CRLF> 

200 
253 

<SP> Next parameter. 
<SP> File renamed. 

<CRLF> 
<-CRLt > 

-5 
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A COMMAWD/RESPONSE PRUIOCQL, THE BASIS FOR AN ALTERNATIVE APPROACH J 

The importance oi Factoring out tne Command/Response Discipline 3a 

That FTP, RJE, and tne other protocols within tms tamily share a 
common command/response discipline 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 are these 
conventions coaiiied in isolation from the various contexts in which 
they find use, being viewed as a necessary but relatively 
unimportant lacei of each function-oriented protocol. "This common 
commana/response discipline has thus gone unrecognized as the 
important, application-independent protocol that it is." sal 

This oversight has nad two important negative effects upon tne 
growth ot resource sharing witnin tne ARPANET: 3a2 

CI) it has allowed the command/response discipline to remain 
cruae. 

As already noted, operations that require more than a 
single parameter are consistently implemented as two or more 
separate commands, eacn ot which requires a response and thus 
incurs trie overnead ot a fuii round-trip network delay. 
Furthermore, there are no stanaaros tor encoding parameter 
types other than character strings, nor is there provision for 
returning results in a command response. 

C2) it has placed upon tne applications programmer tne burden ot 
implementing tne network "run-time environment CRlEj" tnat 
enables him to access remote processes at the desired, 
functional level. 

Betore tie can address remote processes in terms like tne 
following: 

execute function DEuE with argument TEXTflLE 
on machine A 

tne applications programmer must first construct (as tie 
invariaoly does in every program he writes) a module that 
provides the desired progran interface while implementing the 
agreed upon command/response discipline. This run-time 
environment contains trie cooe required to properly format 
outgoing commands, to interface with tne IPC facility, and to 
parse incoming responses, because the system provides only 

-b-
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the IRC facility as a foundation, the applications programmer 
is deterred from using remote resources oy the amount oi 
specialized knowledge and software that must first be 
acquired. 

If, on the other hand, the commana/response discipline were 
formalized as a separate protocol, its use in subsequent 
function-orientea protocols could rightly be anticipated by 
the systems programmer, and a single run-time environment 
constructed for use throughout an installation tin the worst 
case, one implementation per programming language per machine 
might be required!. lhis module could then oe ^laceo in a 
liDrary and, as depicted in figure 2, link loaned with (or 
otherwise made available to) each new applications program, 
thereby greatly simplifying its use ol remote resources. 

Furtnermore, since enhancements to it would pay dividends 
to every applications program employing its services, the 
run-time environment would gradually oe augmented to provide 
additional new services to the programmer. 

The thesis ot the present paper is that one of the keys to 
facilitating network resource sharing lies in (1) isolating as a 
separate protocol the command/response discipline common to a large 

•
ciass of applications protocols; (2) making this new, 
application-independent protocol flexible and efficient; ana (3) 
constructing at eacn installation a RlE that employs it to give the 
applications programmer easy and nigh-ievel access to remote 
resources. 3ai 

Specifications tor tne Command/Response Protocol 3b 

Having argued trie value of a command/response protocol (nereafter 
termed tne Protocol) as the foundation ror a large class ol 
applications protocols, tnere remains the task ot suggesting the 
form that the Protocol might take. There are eight requirements, 
first, it must reproduce the capaoiiities of the discipline it 
replaces; 3bi 

(i) Permit invocation of arbitrary, namea commands tor functions) 
implemented by the remote process. 

(z) Permit command outcomes to be reported in a way tnat aids 
ootn the program invoking tne commmand ana the user under 
whose control it may be executing. 
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Second, the protocol snould remove the known delictencies ot its 
predecessor, tnat is; 

(3) Arlow an arbitrary number ot parameters to be supplied as 
arguments to a single command. 

14) Provide representations tor a variety ot parameter types, 
including out not limited to character strings. 

id) Permit commands to return parameters as results as well as 
accept them as arguments. 

And, tmaliy, tne Protocol shouia provide whatever additional 
capabilities are required by the more complex distributed systems 
whose creation tne Protocol seeks to encourage. Although others may 
later be identified, the three capabilities below are recognized now 
to be important; 3b3 

tfe) Permit tne server process to invoke commands in the user 
process, that is, eliminate entirely tne often inappropriate 
user/server distinction, ana allow each process to invoke 
commands in the other. 

in the workshop environment alluded to earner, tor 
I example, tne user process is the command language interpreter 
" and the server process is any of the software tools available 

to tire user, while most commands are issued by the 
interpreter and addressed to the tool, occasionally the tool 
must invoke commands in the interpreter or in anotner tool. A 
graphical text editor, for example, must invoke commands 
within tne interpreter to update the user's display screen 
after an editing operation. 

(.7) Permit a process to accept two or more commands LOI 
concurrrent execution. 

The text editor may wish to permit the user to initiate a 
long formatting operation with one command and yet continue to 
issue additional, shorter commands oefore there is a response 
to tne first. 

Lb) Allow the process issuing a command to suppress the response 
tne command would otherwise elicit. 

This feature would permit network traffic to be reduced in 
those cases in which the process invoking tne command deems a 
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response unnecessary. Commands that always succeed nut never 
return results are obvious candidates tor tnis kma ot 
treatment. 

A Formulation ot tne Protocol That Meets These Speciiications 3c 

The eight requirements listed above are met by a protocol in 
which the following two messages are detmeo: 3cl 

message-type=C(JMMAND ItidJ command-name arguments 
message-type=RESPONSE tio outcome results 

Here and in subsequent piotocol descriptions, elements enclosed in 
square brackets are optional. 3c2 

The tirst message invokes the command whose NAME is specified 
using tne ARGUMENTS provided. The second is issued in eventual 
response to the first ana returns the OUTCOME and RESULTS of the 
completed command, whenever OUTCOME indicates that a command has 
failed, tne command's RESULTS are required to be an error number ano 
diagnostic message, the former to help the invoking program 
determine wnat to do next, the latter for possible presentation to 
tne user. The protocol thus provides a framework for reporting 
errors, while leaving to the applications program tne tasks of 

^^assigning error numbers and composing the text ot enor messages. 3c3 

There are several elements of the Protocol that are absent from 
tne existing command/response discipline: 3c4 

11) RESULTS, in fulfillment of Requirement b. 

t2) A MESSAGE liPE that distinguishes commands from responses, 
arxsing from Requirement b. 

in tne existing discipline, this distinction is implicit, 
since user and server processes receive only responses and 
commands, respectively. 

(3) An optional transaction identifier TIL by which a command ano 
its response are associated, arising from Requirements 7 and 
8. 

The presence ot a transaction identifier in a command 
implies tne necessity of a response echoing tne identifier; 
ana no two concurrently outstanding commands may bear the same 
identifier. 

-9-
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Requirements 3 ana 4--the ability to transmit an arbitrary number 
of parameters or various types with each command or response--are 
most economically ana effectively met by defining a small set of 
primitive "data types" (for example, booieans, integers, character 
stringsj from whicn concrete parameters can be modeled, and a 
"transmission format" in which such parameters can be encoded. 
Appendix A suggests a set of data types suitable for a large class 
of applications; Appendix B defines some possible transmission 
formats. 3cb 

ihe protocol description given above is, oi course, purely 
symbolic. Appendix C explores one possible encoding of the Protocol 
in detail. 3cb 

Summarizing tne Arguments Advanced So Far 3d 

The autnor trusts that little of what nas been presented thus tar 
Will be considered controversial by the reader. The following 
principal arguments nave been made: 3dl 

(1) The more effective forms or resource sharing aepend upon 
remote resources being usefully accessible to other programs, 
not just to human users. 

k (2) Application-dependent protocols providing such access using 
' the current approach leave to the applications programmer the 

task of constructing the additional layer of software (above 
tne IPC facility provided by tne system) required to make 
remote resources accessible at the functional level, thus 
discouraging their use. 

(3J A single, resource-independent protocol providing flexible 
and efficient access at the functional levei to arbitrary 
remote resources can be devised. 

(4j This protocol would make possible the construction at each 
installation or an application-independent, network run-time 
environment making remote resources accessible at the 
functional level and tnus encouraging their use by the 
applications programmer. 

A protocol as simple as that suggested here has great potential 
for stimulating tne sharing of resources within a computer network. 
First, it would reduce tne cost of adapting existing resources tor 
network use by eliminating the need for the design, documentation, 
and implementation of specialized delivery protocols, becond, it 

- 1 0 -
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wouia encourage the use of remote resources by eliminating the need 
tor application-specific interlace software. And finally, it would 
encourage the construction of new resources ourit expressly for 
remote access, oecause of tne ease with which they couia be offered 
ana used within the network software marketplace. 3d2 

- 1 1 -
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A HIGH-LEVEE MUDEU 01 iHE NETWORK ENVIRONMENT 4 

The Importance ot tne Model Imposed by the Protocol 4a 

The Protocol proposed aoove imposes upon the applications 
programmer a particular model ot tne network environment, in a 
heterogeneous computer networx, nearly every protocol intended tor 
general implementation has this effect, since it idealizes a class 
ot operations that have concrete out slightly ditterent equivalents 
in eacn system. ihus the ARPANET'S TELNET Protocol alluded to 
earlier, tor example, specities a Network virtual Terminal that 
attempts to provide a Qest fit to the many real terminals in use 
around the Network. 4al 

As now formulated, the Protocol models a remote resource as an 
interactive program witn a simple, rigidly speciiieu command 
language. This model follows naturally irom the tact that the 
function-oriented protocols from which tne Protocol was extracted 
were necessitated by the complexity and diversity of user-oriented 
command languages. ine Protocol may thus legitimately be viewed as 
a vehicle for providing, as an adjunct to tne sophisticated command 
languages already available to users, a family of simple command 
languages that can readily oe employed by programs. 4a2 

•
while tne command/response modei is a natural one, others are 

possible. A remote resource might also oe modeled as a process that 
services ana replies to requests it receives from other computer 
processes. This request/reply model would emphasize the fact tnat 
the Protocol is a vehicle for inter-process communication ana tnat 
no human user is directly involved. 4a3 

Substituting tne request/reply model for the command/response 
moaei requires only cosmetic Changes to the Protocol: 4a4 

message-type=REQUEoT Ltidj op-code arguments 
message-type=REPLi cid outcome results 

in tne formulation above, tne terms "REQUEST", "REPLi", and 
"op-code" nave simply been substituted for "COMMAND", "RESPONSE", 
ana "commana-name", respectively. 4aS 

lhe cnoice ot model need affect neitner tne content of the 
Protocol nor tne behavior of the processes whose dialog it governs. 
Use of the word "command" in tne command/response modei, for 
example, is not meant to imply that the remote process can oe 
coerced into action, whatever model is adopted, a process has 

-12 
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complete freedom to reject an incoming remote request tnat it is 
incapaoie of or unwilling to fulfill. • 4ab 

but even though it has no substantive effect upon the Protocol, 
the selection of a model--command/response, request/repiy, ana so 
on--1s an important task because it determines tne way in which both 
applications and systems programmers perceive the network 
environment. If tne network environment is made to appear foreign 
to him, tne applications programmer may ce discouraged from using 
it. ihe choice of model also constrains tne kina and range of 
protocol extensions tnat axe likely to occur to tne systems 
programmer; one model may suggest a rich set of useful extensions, 
another lead nowhere tor worse still, in the wrong direction). 4a7 

in this final section of the paper, tne author suggests a network 
model thereafter termed the Moael) that he believes will both 
encourage tne use of remote resources by tne applications programmer 
and suggest to the systems programmer a wiae variety of useful 
Protocol extensions, unlike the substance or the Protocol, however, 
tne Model has already proven quite controversial within tne ARPANET 
community. 4aB 

Modeling Resources As Coiiections of procedures 4b 

r ideally, tne goal ot botn tne Protocol ana its accompanying RIE 
"is to maxe remote resources as easy to use as local ones. Bince 
local resources usually take tne form of resident and/or library 
subroutines, tne possibility of modeling remote commands as 
"procedures" immediately suggests itself. The Model is further 
confifmed oy tne similarity that exists between local procedures ana 
the remote commands to which the Protocol provides access. Both 
carry out arbitrarily complex, named operations on behalt ot tne 
requesting program (the calier); are governed oy arguments supplied 
Dy tne caller; ana return to it results tnat reflect tne outcome of 
tne operation. Ihe procedure call model thus acknowledges tnat, in 
a network environment, programs must sometimes call subroutines in 
macnines otner tnan tneir own. 4bl 

Like tne request/reply moaei aireaay aescrioea, the procedure 
call modei requires only cosmetic changes to the Protocol: 4bx 

message-type=CALL itidj proceaure-name arguments 
message-type=REIURW tid outcome results 

in tnis third formulation, tne terms "CALL", "RETURN", ana 
"procedure-name" nave been substituted for "COMMAND, "RESPONSE", ana 
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"command-name", respectively. And in this form, the protocol might 
aptly oe designated a "procedure call protocol IPCP)". 4b3 

"Xne proceaure call model would elevate the task ot creating 
applications protocols to that ot defining procedures and tneir 
calling sequences, it would also provide tne foundation tor a true 
distributed programming system CUPS) tnat encourages ana facilitates 
the work ot tne applications programmer by gracefully extending the 
local programming environment, via the RTE, to embrace modules on 
other machines." Xnis integration ot iocai and network programming 
environments can even oe carried as far as modifying compilers to 
provide minor variants of their normal procedure-calling constructs 
tor aaaressing remote procedures Cfor which caiis to the appropriate 
RXE primitives wouid oe dropped out). 4D4 

finally, the Model is one that can be naturally extended in a 
variety of ways Cfor example, coroutine linkages ana signals) to 
further enhance tne distributed programming environment. 4bb 

Clarifying the Procedure Call Model 4c 

Although in many ways it accurately portrays tne class of network 
interactions with which this paper deals, the Model suggested above 
may in other respects tend to mislead the applications programmer. 
^The Moaei must therefore be clarified: 4cl 

CI) Local procedure calls are cheap; remote procedure calls are 
not. 

uocai procedure calis are often effected by means of a 
single machine instruction and are therefore relatively 
inexpensive. Remote procedure calls, on the othei hand, would 
be effected py means or a primitive provided by tne local Rib 
and require an excnange of messages via IPC. 

because of tnis cost differential, the applications 
programmer must exercise discretion in ms use of remote 
resources, even though the mechanics of their use will have 
been greatly simplified by the R1L. Like virtual memory, the 
procedure caii model offers great convenience, and therefore 
power, in exchange ror reasonable alertness to tne 
possibilities of abuse. 

(2) Conventional programs usually nave a single locus of control; 
distributed programs need not. 

-14> 
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Conventional programs are usually implemented as a single 
process with exactly one locus ot control. A procedure call, 
therefore, traditionally implies a transfer of control from 
caller to callee. Distributed systems, on the other hand, are 
implemented as two or more processes, each ot which is capaoie 
ot independent execution. In this new environment, a remote 
procedure calx need not suspend the caller , wnicn is capable 
of continuing execution in parallel with the called procedure. 

The RTE can therefore be expected to provide, tor 
convenience, two modes of remote procedure invocation: a 
blocking mode that suspends the caller until the procedure 
returns; and a non-biockiny mode that releases the caller as 
soon as the CALL message has been sent or queued. Most 
conventional operating systems already provide such a mode 
choice tor 1/0 operations. For non-blocking calls, the RTE 
must also, ot course, either arrange to asynchronously notify 
tne program when the call is complete, or provide an 
additional primitive by which the applications program can 
periodically test tor that condition. 

finally, the applications programmer must recognize that by no 
means ail userui forms ot network communication are effectively 
mooeled as procedure calls. The lower level IPC facility that 

•
remains directly accessible to him must therefore oe employed in 
those applications for which the procedure call mooel is 
inappropriate and RTE-provioed primitives simply will not do. 4c2 
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SOME EXPECTATIONS 5 

both the Procedure Call Protocol anu its associated Run-Time 
Environment nave great potential lor Facilitating the work ot the 
network, programmer; only a small percentage ol that potential has 
oeen discussed in tne present paper. Upon tne foundatipn provided 
by PCP can De erected higher level application-independent protocol 
layers that further enhance the distributed programming environment 
by providing even more powerful capabilities (see Appendix Dj. Sa 

As tne importance of the RTE becomes fully evident, additional 
tasks will gradually be assigned to it, including pernaps those of: Sb 

11j Converting parameters between the format employed internally 
by the applications program, and that imposea by the 
Protocol. bbi 

C2) Automatically selecting the most appropriate inter-process 
transmission format on the basis of the two machines' word 
sizes. 5b2 

13j Automaticaliy substituting for network IPC a more efficient 
form of communication when both processes reside on the same 
machine. 5b3 

^Tne RTE will eventually offer the programmer a wioe variety ot 
application-independent, network-programming conveniences, and so, 
by means of tne Protocol, become an increasingly powerful 
distrlbuted-system-building cool. be 
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APPENDIX A: SUGGESTED DAIA TIRES 7 

The protocol requires unat every parametex or "data object" oe 
represented oy one of several primitive data types ueiined by the 
Model. The set of data types below is sufficient to conveniently 
model a large class of uata objects, but since the need for 
additional data types (for example, floating-point numbers) will 
sureiy arise, the set must remain open-ended. Throughout the 
descriptions below, h is confined to the range lo, i**i5-lj: 7a 

LIST: A list is an ordered sequence of N aata objects called 
"elements". A LIST may contain other blsis as elements, and can 
therefore oe employed to construct arbitrarily complex composite 
uata objects. 7al 

CHARSXR: A character string is an ordered sequence of N ASCII 
characters, and conveniently models a variety of textual 
entities, from short user names to whole paragraphs of text. 7a2 

biTSTR: A bit string is an ordered sequence of N bits and, 
therefore, provides a means for representing arbitrary binary 
data (for example, the contents of a word of memory). 7a3 

INTEGER: An integer is a fixed-point number in the range 
I L-2**3r, 2**31-1), and conveniently models various kinds of 

numerical data, including time intervals, distances, ana so on. 7a4 

INDEX: An index is an integer in the range Li, 2**15-1], As 
its name and value range suggest, an INDEX can be used to adaress 
a particular bit or character within a string, or element witr.in 
a list. XNDEXes nave other uses as well, including the mooeimg 
of handles or identifiers tor open tiles, created processes, ana 
the iike. Aiso, because of their restricted range, iNDEXes are 
more compact in transmission than INTEGERS (see Appendix B). 7at> 

BOOLEAN: A boolean represents a single bit of information, 
and has either the value true or false. 7ab 

EMPTI: An empty is a valueless place holder within a LIST or 
parameter iist. 7a7 
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APPENDIX B: SUGGESTED TRANSMISSION FORMATS 

Parameters must be encoded in a standard transmission format 
before they can be sent from one process to another via tne 
Protocol. An efiective strategy is to uetine several tormats and 
select the most appropriate one at run-time, adding to the Protocol 
a mechanism tor format negotiation, tormat negotiation would be 
another responsibility of tne RiE ano couiu tnus oe made completely 
invisible to the applications program. 8a 

Suggested below are two transmission formats. The first is a 
36-oit binary format for use between 3b-bit machines, the second an 
8-bit binary, "universal" format for use between dissimilar 
machines. Data objects are fully typed in each lormat to enable the 
RIE to automatically decode and internalize incoming parameters 
snouid it be desired to provide this service to the applications 
program. &b 

PCPB36, tor Use Between 3b-Bit Machines 8c 

bits 0-13 Unused (zero! 
aits 14-17 Data type 

EMPif =1 XNTEGER=4 LXST-7 
BU0LEAN=2 BITSTR =b 
INDEX =3 CHAKbiR=b 

Bits 18-20 Unused (zero) 
Bits 2l-3b value or length N 

EMPTi unused (zero! 
BUODEAN 14 zero-bits i 1-bit value (IRUE=i/t ALoE=0) 
INDEX unsigned value 
INTEGER unused (zeroj 
BiTSTR unsigned bit count N 
CriARSIR unsigned character count n 
LIST unsigned element count N 

Bits 3o- vaiue 
EMPli unused (nonexistentj 
BOOLEAN unused (nonexistent) 
INDEX unused (nonexistent) 
INTEGER two's complement lull-word value 
BiTSTR bit stiing + zero padding to word boundary 
CHARSIR ASCii string + zero paoamg to word boundary 
LIST element data objects 

Bel 
6CZ 

8c3 
8C 4 

8c5 
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PCPB8, For Use between Dissimilar Machines 8d 

byte 0 Data type 8dl 
EMP11 =1 INTEGER=4 L1ST=7 
dQQLEAN=2 B1TSTR =5 
INDEX =3 CHARSiR = o 

bytes 1- value 6d2 
EMPTY unused (nonexistent) 
BOOLEAN 7 zero-oits + 1-bit value (TRUE=1/FALSE=0) 
INDEX 2-byte unsigned value 
INTEGER i-oyte two's complement value 
BiTSTR 2-byte unsigned bit count N t bit string 

+ zero padding to byte boundary 
CHARSXR x-oyte unsigned character count N + ASCII string 
LIST 2-byte element count N + element data objects 

-20-
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APPENDIX C: A DETAILED ENCODING 01 THE PROCEDURE CALL PROTOCOL 9 

Aitnough the data types and transmission formats detailed in the 
previous appendixes serve primarily as vehicles tor representing the 
arguments ana results ot remote procedures/ they can just as readily 
and effectively be employed to represent the commands and responses 
t>y which tnose parameters are transmitted. 9a 

Taking this approach, one might model each of the two protocol 
messages as a PCP data ooject, specifically a LIST whose first 
element is an INDEX message type. the following concise statement 
of tne Protocol then results: gp 

LIST CCALL, tid, procedure, arguments; 
INDEX=i INDEX/EMPTi CHARSTR LXSI 9D1 

LIST (.RETURN, tid, outcome, resuitsj 
lNDt,X=2 INDEX bOOnEAN LIST 902 

The RESULTS ot an unsuccessful procedure would oe represented as 
follows: gc 

LISi terror, diagnostic) 
INDEX CHARSTR 9cl 

-2 i -
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APPENDIX D; A LOOK AT SOME PUoSlboE EXTENSIONS TO THE MODEL iU 

The result of tne distributed-system-buiiding strategy proposed 
in tne body ot this paper ana the preceeding appendices is uepicted 
in Figure D-i. At tne core ot each process is the inter-process 
communication facility proviaed oy tne operating system, which 
effects tne transmission ot arbitrary binary aata between distant 
processes. Surrounding this core are conventions regarding first 
tne format in which a tew, primitive types or aata oojects are 
encoded in binary tor IPC, and then the formats ot several composite 
data objects (that is, messagesj whose transmission either invokes 
or acknowledges the previous invocation of a remote procedure. 
Immediately above lies an open-ended protocol layer in which an 
arbitrary number of enhancements to the distributed programming 
environment can be implemented. Encapsulating these various 
protocol layers is the installation-provided run-time environment, 
whicn delivers DPS services to tne applications program according to 
macnine- and possibly programming-language-dependent conventions. iOa 

ine Protocol proposed in tne present paper recognizes only the 
most fundamental aspects of remote procedure calling, it permits 
tne caller to identify tne procedure to be called, supply the 
necessary arguments, determine tne outcome or tne procedure, and 
recover its results, in a second paper ti9j, the author proposes 

•
some extensions to this simple procedure call model, ana attempts to 
identify other common forms of inter-process interaction whose 
standardization would enhance the distributed programming 
environment. Included among tne topics discussed are; 10b 

CU Coroutine linkages ana other forms ot communication between 
tne caller and caiiee. lObl 

(2) Propagation of notices and requests up the unread of control 
tnat results from nested procedure calls. lObx 

C3J otandara mechanisms for remotely reading or writing 
system-giobai data objects within anotner program. 10b3 

C4) Access controls for collections of related procedures. I0b4 

Cbj A standard means tor creating and initializing processes, 
tnat is, for establishing contact with ana logging into a 
remote machine, identifying tnt program to De executed, and 
so fortn. ihis raciiity would permit arbitrarily complex 
process Hierarchies to oe created. iObb 

- 2 2 
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Cbl A mechanism for introducing processes to one another, that 
is, ror superimposing more general communication paths upon 
the process nierarcny. 10bb 

Inese and otner extensions can ail tinu a place in the open-ended 
protocol layer or Figure D-l. ine particular extensions explored in 
Li9J are ottered not as dogma but rather as a means or suggesting 
the possioiiities and stimulating further research. 10c 
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INTRODUCTION 

The following comments on the five-section mail protocol 
document distributed at the last Mail Services Committee meeting 
are offered with the hope that they will be found useful by the MIT 
crew that has obviously worked so hard. I have collected what to 
me are the most important comments in the first major section of 
tne memo. The remaining comments appear in the second section and 
are Keyed to the particular sections of the mail protocol document 

to which they refer. 

MAJOR COMMENTS 

Descrioing the Target system 

As I pointed out at the meeting, there exists (to my 
Knowledge) no written description of the distributed mail system 
we're trying to build. Until this document exists, one really 
has, in the end, no basis tor judging whether or not the 
proposed mail protocol is adeguate. Tt seems like the cart has 
gotten before the horse (not that it hasn't before). Before a 
protocol can be settled upon (designed), the list of mail system 
capabilities that was started at the meeting and recently 
distributed must be completed, given much more detail, and 
agreed to; and a model of the required distributed system 
defined. This is a substantial task, and not one, 1 think, that 
can be pushed off on the necessarily small protocol design team. 

S-PGROUPs and s-DGPOUPs, for example, appear to be premature 
ana somewhat incomplete solutions to what is in reality a major 
issue in the mail system design, namely, that of defining and 
maintaining distribution or other group lists. This is an 
example of the trouble one gets into by attempting to specify a 
protocol before the end system has been adequately modeled. The 
definition of s-USEP strikes me much the same way; I don't know 
whether it's right, or not because I don't have enough 
information about the larger framework in which it will sit. 

Recognizing the True Scope of a Structured Data Transmission 

Protocol 

As I suggested at the meeting, the contents of Section II 
should be advanced within tne Network community as a 
general-purpose, application independent protocol that could 
become the foundation for a large number of applications 
protocols (of which the mail protocol is but one). This is not 
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to say that the Committee should wait tor ot even actively seek: 
network-wide agreement on this issue, but rather sitriply that 
Section II should be rid ot its (already very few) references to 
mail and issued as a separate document (preferably a Request for 

Comments). 
! 

Standardizing Written Descriptions of structured Data Items 

if the structured data transmission protocol indeed becomes 
widely used, descriptions of structured data items will become a 
major element of most applications protocols. If we define 
reasonable and comprehensive syntax conventions, they will 
probably be employed by others. But if those we define are 
awkward or incomplete, private conventions will arise on every 
front and chaos will result. Subsection V of Section II, 
entitled "printing conventions," therefore warrants considerable 
thought and probably some expansion. 

In DPS, we defined syntax conventions that were incomplete, 
and constantly found ourselves unable to describe the argument 
or result of some remotely-callable procedure. Perhaps we 
should do it right this time. Wasn't John Pickens doing some 
work in tne area of data description lanauages? 

Factoring Out the Request/Reply Discipline 

In precisely the same spirit as the structured data 
transmission protocol, the request/reply framework described in 
Section V should be structured and documented as a separate 
protocol of potential utility in many other application domains 

I besides mail. 

One of what I personally believe to be the major long-term 
benefits of such an approach is the following. Just as the 
structured data transmission protocol encapsulates all the 
detailed (bit-level) network connection format issues and so 
elevates our thinking to the more abstract level of INTEGERS, 
STRINGS, and BOOLEANs, so an application-independent 
request/reply protocol would encapsulate the mechanics of 
issuing requests and receivino replies and so elevate us to the 
even more abstract level of (if you will) the calling sequences 
of remote functions. 

I recommend that we extract the request./reply discipline 
described in the beginnino of Section V and issue it as a 
separate document (an RFC) proposinq an apolication-independent 
protocol that might provide a foundation for a variety of 
applications protocols. 

OTHER COMMENTS 

Global Comments 

1) Although much better in this regard than the previous draft, 
the protocol still often allows a parameter to be specified 
either as a p-STFING or a p-INTEGER. This option invariably 
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conDlicates both the definition and implementation of the 
protocol without offering any additional functional capability 
in return. Some examples are: 

Sec II p 17: semantic types. 

Here p-STFINGs are allowed for experimental types. An 
equally powerful but more efficient approach would be to 
simply define a ranqe of p-INTEGER values for experimental 
semantic types. 

Sec III p 8: group ids. 

Here p-STRINGs may be the more appropriate choice, but 
allowing both p-STRINGs and p-INTEGEPs seems to buy 
nothing while complicating implementations. 

sec III p 10: dynamic group ids (see comment above). 

Sec III p 15: field ids. 

Sec IV p 5: messaqe fields. 

2) There are also a number of cases in which the legal values 
for certain parameters are defined to be literal p-STRINGs when 
p-INTEGERs would do just as well and be much easier to decode. 
Remember that we're defining a protocol for inter-machine 
communication. A process can easily use the p-INTEGER as an 
index into a table of mneumonics if and when it becomes 
necessary to communicate the parameter to a human user. 
Examples: , 

Sec IV p 20: handling instructions. 

Sec IV p 21: message status. 

Comments on Section II (Data Types and Formats) 

Global Comments 

1) The definition (semantics) of the various primitive data 
types should, 1 think, be isolated from the definition 
(syntax) of the transmission format in which they are to be 
encoded. At some future date it may prove useful, for 
reasons of efficiency, to define SEVERAL formats (for 8-bit, 
16-bit, 32-bit, and/or 36-bit connections) and include as 
part of the protocol a negotiatory phase in which the most 
appropriate format is selected. 

2) We might consider thinkina some about the interface 
between the encoder/decoder and the applications program, and 
include some of that thinking in the document as an 
implementation guide. For example, how should semantic tyoes 
oe communicated to the applications program? Also, what does 
the interface look like for b-INTs? The encoder/decoder, for 
example, might be capable of being placed in a mode in which 



JAKE, 28-DEC-75 23:46 < KJOURNAL, 27201 .NLS;1, > 4 

it automatically detects and somehow flags as in error, 
integers whose representation requires more than 32 or 36 
bits, depending upon the word length of the machine. 

31 Why not define "Cxi" as shorthand for "x 1 p-EMPTY" and 
use it wherever possible throughout Sections Il-V. The 
something-soecific-or-EMPTY alternative Is VERY common, and 
this convention would, J think, significantly improve the 
document's readability. 

Choice of Data Type Names 

1) Primitive and byte-stream data types should be named more 
consistently. For example: 

Why Not ... Instead of ... 

INTEGER LINTEGER/SINTEGER INTEGER INT/SINT 
BITS T F: LB1TSTR/SBITSTR BITS LBITS/BITSTB 

2) The names of primitive data types (as opposed to 
byte-stream data types, which will never be talked about 
outside this section) should be fairly carefully chosen 
because with any luck they will be used in the definition of 
MANY applications programs yet to come. In that regard, I 
would suggest that "MULT" be changed to something else (e.g. 
"STRUCture", a noun) so as not to sound awkward. 

3) In the same spirit as (2), this section should explicitly 
suggest (at the end) that the "p-" prefix need not be 
employed in subsequent documents. This will make 
descriptions of applications protocols more readable. 

4) How about b-PADDING (a noun) instead of b-IGNORE (a 
verb). 

Typographical Errors 

1) Page 3 says that P-BITS are SHORT bit strings. If p-BLTS 
is the external manifestion of both b-BITSTF and b-LBITS, 
that isn't true. 

2) EMPTY is missing from the table on page 5, and booleans 
are incorrectly defined as OOOOOOOX, instead of OOOOOOlx. 

Semantic Data Types 

1) At present I have trouble with the notion of semantic 
types. It seems to muddy the interface between the 
encoder/decoder and the higher-levei program. I may be wrong 
here. 

2) On page 6, it is suggested that 8-bit characters, if 
found to be necessary, can be introduced as SEMANTIC TYPES. 
This seems to me a very bad idea; instead, introduce if 
necessary a b-CHAP8 which produces a p-CHAP or contributes to 
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a  D- S T R 1 N G .  S e m a n t i c  t y p e s  s h o u l d  n o t .  b e c o m e  a  v e h i c l e  ' f o r  
a p p l i c a t i o n - i n d e p e n d e n t  f e a t u r e s  o f  t h e  p r o t o c o l  t h a t  n e  f i n d  
n e c e s s a r y  b u t  n e g l e c t e d  t o  d e f i n e  a s  p a r t  o f  t h e  i n i t i a l  
s p e c i f i c a t i o n .  T h e y  s h o u l d  r a t h e r ,  a s  t h e i r  n a m e  s u a g e s t s ,  
b e  r e s e r v e d  f o r  t r u l y  a p p l i c a t i o n - d e p e n d e n t  d a t a  t y p e s .  
P e r h a p s  w e  m i g h t  w i s h  t o  d e f i n e  a  p - E X P E P i m e n t a l  o r  b - E X P E P  
v i a  w h i c h  c a n d i d a t e s  f o r  i n c l u s i o n  i n  t h e  p r o t o c o l  c a n  b e  
t e s t e d .  

C h a r a c t e r  S t r i n g s  

D  P - S T P I N G s  c a n  o n l y  o e  g e n e r a t e d  v i a  a  b - S T R U C  o f  
b - C H A B 7  s .  T h i s  e f f e c t i v e l y  r e q u i r e s  o f  m a n y  h o s t s  t h a t  t h e  
h i g h - o r d e r  b i t  o f  e a c h  c h a r a c t e r  b e  t u r n e d  o n  b e f o r e  
t r a n s m i s s i o n  t n r o u g h  t h e  N e t w o r k ,  a n  u n n e c e s s a r y  a n d  i n  m a y  
c a s e s  e x p e n s i v e  o p e r a t i o n .  O n e  r e a l l y  s h o u l d  d e f i n e  a  
P - S T R I N G 7  d a t a  t y p e  w h i c h  a l l o w s  t h e  s t r i n g  t o  b e  t r a n s m i t t e d  
d i r e c t l y  a s  e i g h t - b i t  b y t e s  b u t  w i t h  t h e  h i g h - o r d e r  b i t  o f  
e a c h  b y t e  o f f .  I  r e a l i z e  t h a t  d e f i n i n g  a n d  u s i n g  b - S T P I N G s  
w o u l d  t h w a r t  u s e  o f  b - F E P E A T  i n  p a c k i n g  r e p e a t e d  c h a r a c t e r s ,  
b u t  t h a t  p r o b l e m  c a n  s u r e l y  b e  h a n d l e d  i n  a n o t h e r  w a y .  

2 )  D e f i n i n g  a  p - M U L T  o f  p - C H A R s  t o  b e  e a u i v a l e n t  t o  a  
P - S T R I N G  i s  a  n e e d l e s s  c o m p l i c a t i o n  t h a t  s e e m s  b o u n d  t o  l e a d  
t o  t r o u b l e .  1  h a v e  a  f e e l i n q  t h a t ,  t h i s  c o n v e n t i o n  w a s  
s u g g e s t e d  b y  t h e  f a c t ,  n o t e d  i n  ( 1 ) ,  t h a t  a  b - S T R U C  o f  
b - C H A R 7 s  a e n e r a t e s  a  b - S T R l N G .  

3 )  T h e  m a i l  p r o t o c o l  i t s e l f  s e e m s  t o  h a v e  n o  n e e d  f o r  
p - C H A R .  I f  t h e  g o a l  w a s  t o  p r o v i d e  a n  e f f i c i e n t  m e a n s  o f  
t r a n s m i t t i n g  s i n g l e - c h a r a c t e r  s t r i n g s ,  t h i s  s h o u l d  h a v e  b e e n  
h a n d l e d  v i a  a p p r o p r i a t e  b y t e - s t r e a m  o b j e c t s  s o  a s  n o t  t o  
a f f e c t  t h e  o p e r a t i o n  o f  a n y o n e  b u t  t h e  e n c o d e r / d e c o d e r .  W h y  
n o t  d r o p  p - C H A R  f r o m i  t h e  p r o t o c o l  a n d  r e d e f i n e  b - C H  A F  7  t o  
g e n e r a t e  a  p - S T R I N G  o f  l e n g t h  o n e .  

M i s c e l l a n e o u s  

1 )  A s s i g n i n g  v e r s i o n  n u m b e r s  t o  e v e r y  s e m a n t i c  d a t a  t y p e  
s e e m s  e x t r a v a g a n t .  I  f i n d  i t  h a r d  t o  b e l i e v e  t h a t  m a l l  
p r o c e s s e s  w i l l  r e a l l y  b e  s o  s o p h i s t i c a t e d  a s  t o  t r y  v e r s i o n  n  
o f  s o m e  d a t a  t y p e  a n d ,  i f  i t ' s  r e j e c t e d ,  b a c k  o f f  a n d  t r y  
n - 1 .  A n d  i f  t h e y  D O N ' T  d o  t h a t  k i n d  o f  t h i n g ,  w e  m a y  f i n d  
o u r s e l v e s  w i t h  a  l o t  o f  p r o c e s s e s  t h a t ,  t h o u g h  v e r y  c l e v e r ,  
c a n ' t  t a l k  t o  e a c h  o t h e r .  W h y  n o t  i n s t e a d  a s s i g n  a  v e r s i o n  
n u m b e r  t o  t h e  p r o t o c o l  a s  a  w h o l e ?  

2 )  A f t e r  r e a d i n g  t h r o u g h  t h e i r  d e s c r i p t i o n  s e v e r a l  t i m e s ,  I  
s t i l l  d o n ' t  u n d e r s t a n d  t h e  u t i l i t y  o f  b - S E G M E N T s .  T h e  c l a i m  
i s  t h a t  t h e y  p r o v i d e  a  m e a n s  b v  w h i c h  c o m m o n l y  u s e d  d a t a  
s e q u e n c e s  c a n  b e  p r e - e n c o d e d  a n a  t h e n  i n s e r t e d  a t  w i l l  i n t o  
t h e  o u t p u t  s t r e a m .  B u t  w h y  c a n ' t  o n e  s i m p l y  i n s e r t  t h e  
s e q u e n c e  w i t h o u t  t h e  b - S E G M E N T  h e a d e r ?  T s  t h e  b - S E G M E N T  
e n v e l o p e  j u s t  a  p l a c e  t o  s t o r e  t h e  l e n g t h  o f  t h e  s e a u e n c e  s o  
o n e  k n o w s  h o w  m a n y  b j t s  t o  c o p y  i n t o  t h e  o u t p u t  s t r e a m ?  I f  
s o ,  w h y  n o t  m a i n t a i n  t h e  l e n g t h  I n f o r m a t i o n  p r i v a t e l y ,  r a t h e r  
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than include it in the output stream with the sequence? 

Comments on Section III (Semantics Types for Message Service) 

Miscellaneous 

1) In the definition of s-INDIRECT, it would toe helpful to 
mention, in the case where the semantic data type denotes a 
file, that the definition of s-FILE contains information 
aoout how the contents of the file are to be decoded to form 
the data items. This would prevent the reader from thinking, 
as I did, that the s-INDIRECT definition had a hole in it. 

2) Why not combine s-PGPOUP and s-DGROUP as additional cases 
of s-INDIPECT? They all seem to serve similar functions. 
Furthermore, the names "PGROUP" and "DGPOUP" seem to describe 
one possible use of the data type, not all possible uses; and 
are therefore somewhat mis leading. 

3) Since they have identical syntax, we might consider 
combining s-TIME and s-PTIME into a single semantic type, 
including an additional parameter to distinauish the two. 
PerhaDs there are other reasons why you didn't do this. 

Comments on Section IV (Message Fields) 

None 

Comments on Section V (Mail service Bequests and Replies) 

1) The request/reply discipline seems unnecessarily complex in 
terms of the number of protocol utterances defined. Why not, 
for example, define a single reply format incorporatino the 
features of ACK, NACK, LATER, ERROR, and ANSWER? This reply 
might look something like: 

REPLY (outcome explanation results) 

outcome -- p-BOOLEAN with value COMPLETED 1 FAILED 

explanation -- (codeforpgm textforuser) 
p-INTEGER p-STRING 

results -- (parameterl ... parametern) 

With TEXTFORUSER, CODEFORPGM, EXPLANATION, and RESULTS being 
optional (i.e. possibly EMPTY). The specific replies defined 
in the current protocol proposal would have roughly the 
following representations in this new reply structure: 

ACK ==> REPLY (TRUE) 

NACK ==> REPLY (FALSE) 

ERROR (errcod reason) NACK ==> REPLY (FALSE (errcod 
reason)) 
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LATER Cnotbefor e at) MACK = = > 
REPLY (FALSE (later) (notbefore at)) 

ANSWER (code aral ... arqr.) ACK = = > 
REPLY (TRUE (code) (aral ... ergo)) 

The philosophy apparently embodied in section V's reoly 
structure is that application-dependent and 
application-independent information must be isolated in 
separate MESSAGES, and likewise for information which all 
mail processes must understand and that which only 
sophisticated processes need care about. In the structure 
above, these same concerns are handled in a different way. 
For example, simple-minded implementations can determine 
whether a transaction failed by simply consulting the boolean 
OUTCOME, and ianore any RESULTS that may have been returned. 
If the transaction failed, they may similarly ianore the 
reason CODEFOPPGM for the failure. 

2) Semantically typing the request- and reply-bearing data 
items seems a bad idea, especially if the reauest/reply 
structure is isolated as a separate, application-independent 
protocol, as discussed earlier. Once an application-independent 
request message has been defined, it will no longer be necessary 
to define the specific requests required by the mail protocol as 

semantic items. 

3) S-ABORT may belona as part of the application-independent 
request/reply protocol. 

4) The dialoq structure seems to reouire an inordinate number 
of inter-process handshakes, even in the simplest and most 
common cases. To avoid this problem one must, I think, define 
higher-level composite operations that can be invoked with a 
single command. To deliver a piece of mail, for example, one 
will ALWAYS have to execute the SETMSG, RCVMSG, and DLVPTO 
functions. Why not combine them (SETMSG can be retained for use 
in dialogs other than delivery)? 

5) The protocol contains an inordiate number of functions by 
use by one process in determining the capabilities or 
sophistication of the other (i.e. RESTRICT, SETFLDS, DISALLOW, 
SNDFLDS, HANDLE, and LSTFLDS). Since it costs little or nothing 
to generate this information, why not require that it be 
exchanged at the start of every inter-process dialog and define 
a sinale function for that purpose? 

6) Defining a request (i.e. OVER) which MAY but need not 
necessarily draw a reply seems like shaky business. 
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4 1JOURNAL. 27244.NLS; 1 , 3 . 2~JAN*76 17 J 31 A AX til! . NJUURNAL — Ufc- V .. 
2-JAN -7b 19:08 27244"; ntle: ,hl="An Additional wish tor your 
ever-growing wisn List"; Author(s): Beverly Boii/BEV; Distribution: 
/DVN C I XNFO-ONLT J ) DPCSC T INFO-ONLI J 1 KIRK ( L INFU-UNLF J ) } 
Ibuo-Collections: SRI-ARC DPCS; ClerK: BbV; .IGD=0; .SNF=HJRM; 
,RM=HURM-7; .PN=-l; .¥BS=1? .PES," 

.PbL; ,PN=PN-l; ,GCR;Dirk--Here is my super-txaditional editor that we 
taiked aoout some weeks ago. Its ronaest wish is to make the Big List. 
Bev 
A true Blue pencil Editor 

the irue Blue Pencil Editor would perform functions closely 
resembling traditional blue-pencil editing, rather than making actual 
changes in the manuscript as the Base "editor" does. To use it, an 
editor would load the file to be edited, and Goto the Irue-blue 
suDsystem. This subsystem would allow the editor to read the file 
and mark comments, corrections, proof-reaoing marks, etc., on the 
file sucn that the author couio read the suggested changes, out they 
would not have actually been made in tne file. 
it is important that the editor's marks do not look like they are 
part of tne original text, as is now tne case. instead tne True-blue 
suosystem might create blank space on either side of tne text where 
tne editor could mark corrections, provide a list of symbols tne 
editor might use to indicate corrections te.g. a sp character, 
paragraph character, capitalization marks, etc.), and enapie the 
editor to insert re-writes such that the place to be revised is 
indicated, and the suggested re-write is shown nearby). A file might 
look like this when the editor completed it: 

(sp)Xanadu in Zanadu did kQDia xann u.c./K 
. #stately# a #noble« pleasure Dome degree i.c./d 
f (sp)decree 

(sp)sacred where Aipn the scared river runs... 
A larger screen would be nice tor this, wouldn't it? 
The subsystem would have an additional important function. After the 
edits have been maoe to a ms., the author may review it to decide 
which changes she would like to keep and which to ignore. The 
suosystem would ailow tier to go tnrougn the file, signalling the 
edits she would like to have incorporated into the tile permanently. 
The suosystem would provide commands to aid the author in 
incorporating or ignoring the edits. (For example, if the editor nas 
indicated that a paragraph [new statement.] should begin at a certain 
point, and tne author concurs, the author could give the command 
"incorporate (change into file)" and bug tne paragraph mark. The 
subsystem would then Break the statement at that point, creating a 
new paragraph. There might also oe an "Incorporate All (edits in) 
STRUCTURE" command.) A default of either ignoring or making edits 
could pe set; if it were the former, the author would have to 
indicate individually the edits she wanted LO keep. Then when the 
tile was updated, all of tne other edits would disappear. Or the 
reverse could be made the case, and ail edits would be incorporated 
unless specifically deleted (with the "Delete (eait)" command). 
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< iJOURNAL, 27249.NLS;1, >, 5-JAN-76 12:4b XXX ;;;; .HJOURNAL="ROM 
b-JAN-76 14:02 27249"; Title: .Hl="Protessional Journal suoscription"? 
Authorts): Rapnael Rom/ROM; Distribution: /SRl-ARCt I ACTION J ) ; 
Sub-Collections: SRI-ARC; Clerk: ROM; ,1GD=0; .SNF=HJRM; .RM=HJRM-7; 

0PNS-1; . ibS=l; .PbS; origin: < ROM, TLMP.NLS,*b, >, 5-JAN-76 U:57 ROM 

Tne foliwoing publications nave been suggested by ARC members tor 
subscription, tit you nave any additional suggestions let me know soon, 
as we are starting the subscription process.) 

Communication of tne ACM 
journal or tne ACM. 
ACM conference proc. 
ACM's Computing survey's. 
lbbb Transactions on Software Lngineering. 
lbbb Transactions on Computers, 
lbbb Transactions on info Theory. 
ic-bb Transactions on Systems, Man, ana Cybernetics. 
ibbb conference proc. 
ibM Systems Journal. 
SIAM journal. 
AT TPS proc. 
TCCC proc. 
T or tune. 
Business week. 
Computer News. 
Datamation. 
Creative Computing. 

•
Computers, Control, ana info Theory ton order). 
Moaern Data. 
Reprographics. 
Computer Decisions. 
lek Graphics. 
Naval Research Reviews. 
digital News. 
Tekscope. 
computer. 
Minicomputer News, 
word Processing world. 
Computer Networks ton order), 
electronic News ton order). 
Proc. of special symposia on reliable software, OS etc., as they 
occur. 

it you would like any of those to be subscribed under your name please 
let me know. 
it has also been suggested that ARC members join a tew ot the 
proieesional groups tnat are of interset to ARC. If you would like to 
join sucn a group let me know ana we'll see now it can be arranged. Also 
let me know if you are already a member ot a group so we can avoid 
duplications. 
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Week Ending 1/9/75 
GENERAL 

Things started out slowly this week in that everyone is afraid to 
make anv major starts or changes while they are waiting foi 
"sanction" on any NLS/NSW proDects. Manor Hearn submitted a 
proposal (DPD) to Col. Brunner who will probably forward it to 
Washington when some aaditionai changes are made, until that 
proposal gets approval, there are no available funds to support 
any projects involving NLS at the base. Things can continue to be 
done as before which means somewhat under the table, by the ena 
of the week, 1 had uncovered quite a tew new projects ana as usual 
am now inundated with aaditionai work. 

ob- 1 
i spoke with Col. Simmons who would be the one in charge of 66-1 
if it came down to Gunter. He is still waiting for Washington to 
make a decision on that which could be quite a while. 1 plan to 
have Grace and Joann Ctne two wno dia the 6b-i rewrites ana are 
well trained in editing, formatting and proof) start on some small 
project that is related to their work now so that they do not lose 
tne skills they nave developed. Unfortunately, Col Simmons views 
tnem as secretaries and is not willing to have them ao anything 
that would distract them from answering tne phones. 

oASE TOPS IN PR 
The input of additional annexes for the Base tops reports is 
continuing in PR and is going well. 

STALQG 
i explained some sophisticated retreive and sort procedures to 
STALQG and with tne help of Jay Lowe who is new to them, they will 
be able to do some fancier things than before, we are still 
lookinq at the possibility of expanding their project to make it a 
more comprehensive aata management system, but tney will need to 
find some funas in order to do that. 

FISCHER'S MONTHLY REPORT 
Bev St. Pierre continues to do Fischer's monthly report and ne is 
pleased with that. Rumor has it that he wants to ao another 
report using NLS. He has begun to write up his documentation 
proposal for the Base, and it aoes not look like tviLS will be his 
choice. That report is oue to emerge in the next week or so. 

BLAP (Base Level ADPS Profile) 
1 am working on the design of a report that is about 700 pages 
long. It includes information from all 140 oases arounu tne world 
and tells about their equipment and projected equipment as related 
to tne B4700 and the H1050. it is a report that has about b pages 
per base and eacn page consists of only COLUMNS. It is for Major 
Hearn and some people in his office, it is a major undertaking as 
far as input, but once entered, the changes should be easy to do. 
i  w i l l  k n o w  m o r e  a b o u t  t n i s  a f t e r  w o r k i n g  o n  i t  t h i s  w e e k e n d .  A t  
least it will keep me busy. 

EQUIPMENT 
we still only have two DNLS terminals on base. There is an ADM2 
that is broken and no one knows where it came from so maintenance 
can not be requested at this point. They ao nave an lp from us 
that is for the aarn.2, but that also sits unused. 1 am 
mvestiqatinq the situation. The RML tip was transfered here this 
weex and wait Lamia has maae the phone lines worx so we can dial 
it directly. That means we will soonl? have nine dialups..5 to 
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the elt ana 4 to the tip. we hope to get all DNLS stations 
nardwirea to the tip. Ali future installations in the Block House 
will be hardwired to the Tip. 

wEATHEK 
Snowed two oavs ago and it was 18 degrees this morning..1 thought 
this was supposed to be the balmy south. Oh well, in Alabama 1 
guess anythina can happeniiiii1 
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Information Retrieval Priniitives 

LL V EL 1 

The primitives involved in information retrieval are not all on 
the same level. Some are "lower level" than others, ana are usea 
by "higher level" primitives, we will first discuss what we 
consider to be tne most basic primitives, we will then consider 
tne formulation of higher level primitives. However one man's 
hiqn level is another's low, so there is no aosolute "high" ievei, 
Ratner it is a continuum, and we will discuss a useful point in 
tne continuum. 

BASIC RETRIEVAL PRIMITIVES -- Summary 

Sequence creation 

sequence _ STAXEMENJ(statement, viewspecsj 
sequence _ BRANCH(statement, viewspecs) 
sequence _ GROUP I statement 1, statement2, viewspecs) 
sequence - PLEXCstatement, viewspecs) 
sequence _ FILE(statement, viewspecsj 
sequence _ SEQUENCE(statement, address-expression, 
viewspecs) 
sequence _ SEQUENCE(statement, function, viewspecsj 
sequence _ P01N1ER(sequence J 
TRUE,FALSE _ CLOSE(sequence J 

Statement generation 

statement _ THIS I sequence J 
statement _ NEXTtsequence) 
statement _ COMPUTE(statement, address-expressionj 

Predication 

5a 

5b 

5b 1 

5bla 

5b2 

5b2a 

5b 3 

TRUE,FALSE - MATCH(content-pattern, statement) 
statement.FALSE _ SEARChlcontent-pattern, sequence) 

Attributes of statements 

Names 

5b3a 

5b4 

5b4a 

string _ GETNAME(statement J 
string - PUTNAMECstatement, string) 
string _ REMQVENAME(statement) 
statement _ SEARCHNAME(string, sequence) 

Text 

string _ GETTEXT(statement, left-delim, right-aelim) 

5b4a 1 

5b4D 

1 
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Information Retrieval Primitives 

I There are presently at least six independent efforts DV users of NLS 
to design information retrieval systems: HELP, QUERf, RETRIEVE, IMS, 
EPUC and CIMRuS. This number will certainly grow in the future. 
Comparing the systems leads to the helpful conclusion tnat they are 
all resonaoiv similar. Though this means that currently there is 
much duplication of effort, it suggests that for the future a small 
set of primitive functions can be designed to do common information 
retrieval operations. 1 

This memo presents the beginnings of such a set of functions and 
develops a conceptual framework, to guide additions to the set. The 
primitives will be avaiiaoie to the NLS user for defining his own 
information retrieval system. First we will simply list the 
primitives; then we will explain them in detail. 2 

The discussions wnich led to this set of primitives must necessarily 
be omitted, however, we want to emphasize that we are not presenting 
people with a Procrustean bed. The primitives here by no means 
exhaust the possibilities. What we have reaily developed is a 
philosophy which has quidea the specification of some initial 
primitives, and which can guide additions to tnem later. The 
philosophy can oe summed up as: 3 

Present the user with a conceptually clean access to facilities 
present in NLS. 3a 

iii this spirit, define functions which manipulate tne normal 
objects of information retrieval systems in useful and efficient 
ways. 3b 

tor the first phase, we wanted to buila the primitives on top of 
existing NLS, without trying to chanqe the underlvinq structure. A 
second pnase is to add facilities to NLS which will improve its 
information management capaDilities. An example is to add properties 
of statements which, lixe names, can be put in a ihasned) table ano 
fast lookups done using that table. Most of the primitives presented 
below are first-phase primitives. 4 
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string _ PUTTEXT(statement. lett-aelim, string, 
right-delim) 
string _ REMOVETEXTtstatement, left-delim,right-delim) 
statement _ SEARCHTEXTCleft-delim, riont-delim, seauence) 

Properties 

object _ GETPROPtstatement, prop-name, prop-type) 
object - PU1PR0P(statement, prop-name, prop-tvpe, object) 
Object - REMOVEPROP(statement, prop-name, prop-type) 
statement _ SEARCHPROP(prop-name, prop-tvpe, seguence) 

Others 

5b4bl 

bb4C 

5b4c 1 

5bb 

string - GEXLINK(string) 
integer _ LEVEL(statement) obba 

BASIC RETRIEVAL PRIMITIVES -- Explained 5c 

Tne semantics of these primitives will now be explained in more 
detail. We will discuss an outline of the implementation 
later. Tne descriptions below nave the form bcl 

<vaiue> «. FUNCTIONtarql, arq2, ...) 5cla 

The types of arguments and values are the following: 5c2 

sequence - the adaress of an n-word record 
statement - an NLS stid 
string - the address of an LlO strinq 
viewsoecs - the address of a two-wora block 
address-expression - tne adaress of an LlO string 
content-pattern - the address of an LlO procedure 5c2a 

Sequence creation 5c3 

sequence - STATEMENT(statement, viewspecs) 
sequence _ BRANCH (statement. viewspecs) 
sequence - GROUPtstatementl. statement2, viewspecs) 
sequence _ PLEX(statement, Viewspecs) 
sequence _ FILEtstatement, viewspecs) Sc3a 

These five are just special cases of the following 
function. Applying NEXT (g.v.) will yield a sequence of 
statements coming from the relevant NLS structure. 5c3al 

sequence _ SEGUENCE(statement, address-expression, 
Viewsoecs) 
sequence _ SEQUENCE(statement, function, viewspecs) 5c3b 

2 
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This is the biaqie. ARC'ers will recognize it as lust 
tne NLp sequence generator "cleaned UP", it sets UP a 
data structure witn enouqh state information to qenerate 
a sequence of statements. (We don't know exactly what 
these entries are yet.) Applying NEXT evaluates eitner 
an address expression (e.q. ".u.s.d") or a function witn 
respect to a statement and viewspecs to qenerate the next 
statement. 5c3bi 

Aside: inere will probaoly have to be two functions, 
since L10 can't tell whether a function or an address 
expression is being passed. 5c3bla 

One field in the data structure will tell what "Kino" of 
a sequence it is, i.e. did it come from PLEX, GROUP, 
etc..' This information will oe used, at first, in only 
one way: since "Jump (to) Name Any" is a fast search in 
NLS. the particular case 5C3D2 

SEARCHNAME(String, FILE (...) ) bc3b2a 

will do "jump (to) Name Any", if other fast searches are 
adaed to NLS, these primitive functions will take 
advantage of them. 5c3b3 

These "sequences" are not just instances of sequence 
generators. Because of the large size of sequence 
generators, NLS permits no more than four to exist at any 
one time, furthermore, the user has to explicitly open 
and close them, so that, tor example, functions which 
return sequences cannot be passed as parameters to other 
functions, as in the SEARCHNAME example above. instead, 
the "sequences" here are just instances of records, 
n-word blocks of data. (we don't know what "n" equals 
vet.) 5c3b4 

There are various other implementations of sequences, 
for example as co-routines. Briefly, they are not: 5c3b4a 

co-routines, because co-routines oo not exist in 
NLS 8 or 8.5; 5c3b4al 

sequence generators, because there can be no more 
than four at any one time, ana they must be 
explicitly opened and closed; 5c3b4a2 

a single seauence qenerator which is "swapped" tor 
each sequence, because this doesn't work. 5c3b4a3 

3 
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information Retrieval Primitives 

ihe implementation chosen is to define a duplicate set of 
sequence generator functions which do not have stacks. 
Tne sequence generator is now a set of sub-routines, 
rather than co-routines, no "sport"s are allowed. All 
state to be remembered must oe stored in the sequence 
recoro. (in fact, the current sequence generator does 
not even need its stack tor most cases, onlv for fancy 
sequences.) we feel that we can implement all the 
current information retrieval systems witnout havino to 
use co-routine sequence qenerators. 

sequence _ PG1NTER(sequence) 

This makes a copy of a sequence record. Since the 
complete state of a sequence is represented in its 
record, POINTER is a way to remember a place in a 
sequence before doiny a state-changinq function iiK.e 
or SEARCH. 

NEXT 
Sc3cl 

For example, the user can test an hypothesis by trying 
a SEARCH; if that aoesn't work, he can qo back to his 
place in the sequence ana try some otner SEARCH. 5c3cla 

TRUE.FALSE _ CLOSE(seauence) 5c3a 

CLOSE ae-ailocates the seauence record, sets up a new 
one-word record that is markea as "exhausted", ana 
returns TRUE if it aia this successfully, FALSE 
otherwise. Sequences which become exhausted are 
automatically closed (see NEXT), or the user can (out 
need not) close them explicitly. Sequences which are not 
closed stay around forever, but this only wastes n-words 
of space. (It we had a qarbaqe collector, even those 
words couid be reclaimed.) 5c3dl 

Statement generation 

statement _ THIS(sequence) Sc4a 

A sequence always contains as part of its state the next 
statement that will be returned when next NEXT is 
appiied. (Hmmm.) THIS peeks at it and returns the 
statement without advancing the sequence, as NEXi aoes. 5c4al 

statement _ NEXT(sequence) 

This is the principle function for extractinq the "next" 
statement from a sequence. it applies tne sequencing 
function (the second argument to SEQUENCE) to a statement 

4 
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Information Retrieval primitives 

and viewspecs to compute a new statement. In the case 
where the sequence is a BRANCH, GROUP, PLEX or FILE, it 
is lust line "Jump (to) Next", but the sequencing 
function may be a more complicated algorithm. (It may 
not, nowever, do "sport"s, or call functions which do 
"sport"s. j 

As a side effect, NEXT changes the state of the sequence 
to point to the next statement after the one it returns, 
wnicn is tne only difference between i'HIS and NEXT. Ail 
sequencing functions must return FALSE when a sequence is 
exhausted, whereupon NEXT will CLOSE the sequence and 
return FALSE. 

statement _ COMPUIECstatement, address-expression) 

5c 4b 1 

This evaluates an address expression (e.g. ".u.s.o") with 
respect to a statement to yield a new statement. This is 
iust a cleaned-up "caddexp". 

Aside: Tnis is the function calieo when 

NEXT(SEQUENCE(statement, address-expression, 
viewspecs)) 

is evaluated. 

Predication 

TRUE.FALSE - MATCH(content-pattern, statement) 

This applies a content analysis program to a statement 
and returns TRUE if the statement matches the pattern, 
FALSE otherwise. 

statement,FALSE _ SEARCH(content-pattern, sequence) 

This searcnes a sequence tor a statement wnich matches a 
content analysis program. It returns the statement it it 
finds one, FALSE otherwise. As a sioe effect, it sets 
the sequence to point to the next statement after tne one 
it returns, if it does not fina a statement, it CLOSES 
the sequence. If the user did not want to lose his place 
in the sequence, he should qet another POINTER to it 
before doing the SEARCH. bcbbl 

Attributes of statements deb 

5c4b2 

5c4c 

5c4c 1 

5c4c1 a 

5c4clal 

5c4clb 

Sc5 

5c5a 

5c5a 1 

5c5b 

There is a whole class of primitive functions dealing with 

5 
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attributes of statements, tacn involves GET, PUT, REMOVE, 
SEARCH. Most of these are self-expianatorv. 

All GEls return t-ALSE if 'name' does not exist in 
'statement'. 

All PUTs replace 'value' it 'name' already exists in 
'statement', otherwise 

PUTNAME makes a statement name; 

PUTTEXT appends "left-delim strinq riqht-delim" onto tne 
end of tne statement's text; 

PUTPROP appends "prop-name prop-type ooiect" onto the end 
of the statement's property list. 

All REMOVES return FALSE if 'name' aoes not exist in 
'statement'. 

Ail SEARCHes return t ALSE it 'name' does not exist in 
'sequence'. 

names 

strmq _ GEINAMECstatementj 
Strinq _ PUTNAMEtstatement, strinq) 
strinq _ REMQVENAMElstatement) 
statement _ SEARCRNAME(string, sequence) 

These manipulate the name of a statement. 

Text 

5cba 

bcbb 

bcbc 

5c6c 1 

bcbc2 

be be 3 

bebd 

bebe 

bebt 

bebt 1 

bebfla 

bebq 

string _ GETTEXTCstatement, left-delim, riqht-delim) 
string _ PUTTEXTlstatement, left-delim, string, 
riqht-delim) 
string _ REMOVETEXT(statement, left-delim, 
right-delim) 
statement _ SEARCHTEXT(left-delim, rignt-oelim, sequence) bcogl 

These manipulate strings within a statement. This is 
useful for storing multiple fielos of a data structure 
in a single statement.(Other primitives might want to 
be aoded which move and insert text at a designated 
place in a statement, e.g. after a logical field, 
rather than at the end as PUTTEXT does. bcogla 

'Left-delim' ano 'riqht-delim' are strings which 

b 
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delimit a field within a statement, tor example, 
'left-delim' might be a field name, ana 'right-delim' 
might be a carriage return. 

Property 

object - GETPROPlstatement, prop-name, prop-type) 
object _ puiPROPlstatement, prop-name, prop-type, 
ob ject) 
ooject _ REMOVEPROP(statement, prop-name, prop-tvpe) 
statement _ SEARCHPRGP(prop-name, prop-type, sequence) 

These manipulate the property list of a statement. 
This has a wide range of possible applications, from 
multiple texts to hashed retrieval. However this will 
probably not be implemented in the first phase because 
NLS goes not permit named properties of arbitrary type 
on property lists, in fact, these functions are only 
included here tor completeness. Note: 'prop-name' is 
a string; 'prop-type' is an integer. 

Others 

string _ GEILiNKtstring) 

If a strinq contains an NLS link, GE1LINK will return a 
string containing just that link. Otherwise it returns 
FALSE. 

integer _ LEVEL(statement) 

ihis returns the levei of a statement as an integer. 

Examples 

seg _ PLEX(1, "d") 

sea _ GROUP(1, 5, "w") 

seg _ SEQUENCE(1, M.n", "dbb") 

seq _ SEQUENCEU, Smvnext, "dbb") 

st - NEXT(seq) 

b _ MATCH("abc" , NEXT(seq)) 

st _ StARCHC'abc", PLEX (5a , "wdb" )) 

bcbqib 

5coh 

bcbnl 

5cbhla 

5c7 

be 7 a 

be 7al 

be 7b 

belt I 

be 8 

bcBa 

bc8b 

bc8c 

5c8d 

bc8e 

bc8f 

bc8q 

7 
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str _ GETNAME(st) 5cBn 

str _ PUTNAME (st, "mvnaine " ) 5c8i 

st _ SEARCHNAME("mvname", BRANCHC1, "w ")) 5c8j 

str _ GETTEXT(st, "Account: EOL) bcBk 

str _ PUTTEXT(s t, "Account: ", "100", EOL) 5c8i 

st _ SEARCHTEXT("Account: ", EOL, PLEX(1, "x")) 5c8m 

obi _ GE TPROP(s t, "DIRECTIVES", texttype) 5c8n 

OD j _ PU1PROP(s t, "DIRECTIVES", texttype, 
LIST(text-pointer, ".IGR; ") CONS 

GETPRQP(s t, "DiRECTiVES", texttype)); 5c8o 

ooi _ REMQVEPROP(St, "DIRECTIVES", texttype); 5c8p 

St _ SEARCHPROP("DIRECTIVES", texttype, PLEXCla, "dp")); bcBq 

Str - GETLINK("Links: <linkl>, <linR2>, <link3>") 5c8r 
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LEVEL lit 0 

we will now discuss a hiqher level ol mtortnation retrieval 
primitive, aetinea in terms of loqical "records" and "fields" 
instead of "strings" and "statements". This is botn a concrete 
suggestion and an indication of the kinas of generalizations to 
the information retrieval package that we envision. ta 

INTRODUCTION 

Several NLS user subsystems, such as FMS, C1MROS and EPUCH, 
have been written to manage record oriented data bases. The 
similarities between the subsystems are striking. The foilowinq 
is an exploration of tne possibility of developing a 
generalized system for maintaining recoro oriented data bases 
using NLS. The advantage of this generalization would be to 
greatly simplfy the task of implementing a subsystem to manage 
a record oriented data base. bbl 

The existence of the CIMPQS, EPOCH, and FMS subsystems 
demonstrate that NLS provides a sufficiently powerful set of 
primitives for performing data management functions on a 
limited class of data bases. NLS is well suited to low volume, 
experimental systems in which the user interface, ease of 
development, and tlexibility are of major concern. The NLS 
limitations on file size and structural complexity imply tnat 
NLS is not well suited to production type data bases whicn have 
a large volume or aata, and hiqh transaction rates. bo2 

Although tne functional capabilities of NLS can be extended to 
allow it to handle a larger class of data bases, I do not 
oeiieve NLS could (or snould) be made into a generalized data 
management system. The integration of NLS and existing aata 
management systems is a more reasonable path towards full aata 
management capabilities within an AKW environment. However 
certain extensions to NLS, such as those outlined below for 
record oriented aata bases, may prove to be worthwhile in terms 
of long term benefits. Hb3 

It should oe noted tnat the proposed system is an extension to 
NLS, and as such is subject to the same limitations inherent in 
the current implementation of NLS. The file size limitation, 
statement size limitation ana access speed limitations are 
examples. The extensions proposed herein are concerned mainly 
with facilitating the use of existing NLS functions rather than 
increasing tne data management capabilities or NLS. bo4 

Tnere are manv ways in which the ARC development staff can 
assist future developers of record oriented aata oases 

9 
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management systems under NLS. ine lowest level of support could 
be to simply publish tana maintain online) the source coae for 
an example subsystem. The definition ana implementation of a 
conceptually clean set of primitives within NLS, as outlined 
above, represents a higher level of support. A still higher 
level of support is outlined below. It should be noted that 
there exists a contmuim of levels of support between tne three 
mentioned here. Lt>5 

PROPOSAL: NLS Mini-Manage 6c 

The following is not intended to be a detailed design 
description, but rather serves to give a rough iaea of the 
Kinds of extensions to NLS which are possible. This proposal 
concerns extensions which could simplify tne tasK of a user who 
wants to implement a subsystem for maintenance of a record 
oriented aata base. The goal is to automate as much of the 
process as is possible, leaving only purely application 
specific code tor the impiementer to provide. The general 
approach is to automatically generate as much of the source 
code as is possible from a user supplied data base description, 
and to provide nooKs for special purpose user supplied code. 6cl 

A "record oriented" data base can be characterized as follows: 6c2 

The data base consists of a set of records, of a given 
number of record types. bc2a 

bacn record of a given type has an identical format. This 
format is normally a set of well defined fields. Ihe data 
(contents of fields) naturally varies from record to record. bc2b 

Tne structural relationships between records of different 
record classes are pre-aetined. be 2c 

Tne position of eacn record in the data oase can be computed 
from the data within the record. bc2d 

All modifications to the data base are performed tnrough the 
specialized subsystem, which performs data validation upon 
these modifications. bc2e 

The end user of the subsytem is typically not an experienced 
NLS user, and normally uses only the data base maintenance 
supsvstem to edit and examine the data base files. bc2f 

The NLS Mini-Manage subsystem 1 envision can be implemented by 
completing the following tasxs: foe 3 

10 
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U Define a formal data case description lanquaqe for 
describinq a record oriented data case, and implement a 
compiler which will translate a data case description qiven 
in this lanquaoe into a machine readable aata structure. 6c3a 

This lanquaqe will oe capable of defininq both the 
structure and format of tne records in the data base. 
Lanquaqe contructs for tne following functions will De 
provided: bc3al 

inversion of a set of records based upon the contents 
of a field, inversion is a technique to proviae 
multiple oraerinqs, or multiple access Keys, on a set 
of records witnout sorting the records. bc3ala 

There are several possible choices tor the internal 
implementation of the inversion tables. Some are: bc3alal 

For each inversion Key define a property element 
in which linked lists defining the inverted 
order are maintained. bc3alala 

Use the free space in the ring structure DIOCKS 
of NLS tiles to maintain linked lists defining 
the inversion order. bc3alalb 

Use separate pages within the tile space to 
maintain a hash table implementing the inversion 
kevs. bc3alalc 

use separate pages within tne file space to 
maintain indexed sequential table implementing 
the inversion kevs. bc3alala 

Field verification content analysis patterns. oc3alb 

Range limits for numeric fielas. bc3aic 

Hooks tor a user supplied fieid verification 
procedures. bc3ald 

HOOKS for a user supplied record verification 
procedures. bc3ale 

Hooks for user supplied formating routines. The user 
may supply several formatting routines for each type 
of record corresponding to several different reports 
which will be generated from tne data base. bc3alf 

1 1  
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User supplied error messages. bc3aiq 

21 Implement a "grammar generator" whicn takes as input tne 
data structure describing tne aata base ana produces as 
output a CML grammar whicn aefines the user interface to tne 
data base maintenance suosystem. The grammar will include at 
least the following functions. 6c3b 

Create Record 6c3bl 

Edit Record bc3b2 

Delete Record 6c3b3 

Show RecordCsl (Criteria! bc3b4 

Generate Report (Report name! bc3bb 

31 Implement a "subsystem generator" which takes as input 
the data structure describing the data base and produces as 
output source code for the x-levei routines necessary for 
the data base maintenance subsystem. This subsystem will 
incluae calls to tne user supplied procedures which are 
referenced in the Data Base Description. 6c3c 

41 implement commands to compile and load the aata oase 
subsystems generated by the Mini-Manage system. 6c 3 a 

The implementation of the above functions would allow a user, 
without knowledge of CML or of L10 or of the implementation 
details of NLS, to define a data base usmq a formal data 
description language, and automatically have a custom tailored 
data management subsystem proaucea for him. This subsystem 
would contain the functions listed above which provide a basic 
set of necessary primitives. This approach is calied a 
"generative" approach meaning that a subsystem, custom tailored 
to the specific aata base, is generated from a data base 
aescription file. The main advantage of a generative approach 
over a qeneral purpose system which interprets the aata base 
description at run time is increased efficiency. 6c4 

tor more sophisticated maintenance procedures the data base 
designer coula supply his own validation, ana formating 
procedures, using the hooks provided by the data definition 
ianquage. For still more sophisticated maintenance and query 
functions the data oase designer coula actually add to the 
source code produced by the supsystem generator. 6c5 

COST ESTIMATES 6d 

1 2  
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lime Estimates: 6di 

2 person months desiqn 6dla 

2 person months implementation for the data description 
lanauaqe compiler. bdlb 

2 person month tor implementation of the "grammar 
qenerator". bdlc 

2 person month for implementation of the "subsystem 
generator". bala 

2 person months tor debugqino. bale 

2 person month tor documentation. bdlf 

.2 person on a continuing basis for user assistance ana 
maintenance. balg 

Thus such a facility would cost approximately one man year to 
develop. The major oeneiit gainea woula be the allow a much 
larger class of users to define and develop subsystems for 
record oriented data manaoement. Currently one needs a 
knowledge of the CML language, the L10 lanquaqe, the system 
architecure of NLS, and a working knowledge of the core editing 
procedures provided bv RLS to construct such a subsystem. The 
implementation outlined here would allow an expert RLS user 
with a Knowledge of a simple data description lanquage to 
achieve the same result, whether or not the increased hLS 
capabilities gained by such a development would oe worth trie 
implementation costs is a decision for both the current NLS 
user community and ARC in general on behalf of tne future 
members of tne AKW community. 

1 3  
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The following is a discussion of the file size limit in NLS. Tne current 
limitations on file size are discussea , ana a proposal for increasing 
this limit is presented, historically this NLS limitation is derived 
from a since removed restriction of the TENEX operating system which 
limited a file to a maximum of 512 TENEX pages. 

A S  currently implemented NLS files may have a maximum of 95 file pages 
allocatted to ring structure blocks, and 370 file pages allocated to 
statement data blocks. The limit to the number of statements which may 
be contained in an NLS file is a function of average statement size in 
the file. For files which have an averaqe statement size of less than 
about 70 characters the limiting factor is the number of ring structure 
blocks available. The maximum number of ring blocks, and therefore 
statements, in an NLS tile is 9690. For files with an averaqe statement 
size of more than 70 characters statement data blocks become the 
limiting factor, yielding an upper limit of less than 9b90 statements. 
The worst case is every statement having the maximum NLS statement size 
of 2000 characters, in this case the limit is 370 statements per file. 

For most NLS applications the file size limitation has not been a major 
concern, however for some applications this limitation is critical. 
Increasing the NLS file size iimit would be of considerable benefit to 
the builders of information retrieval systems because it allows larger 
data bases within a single file, and thus may relieve the implementer of 
the burdens and inefficiencies of handling multiple data files. There 
follows some examples of applications which could make use of larger NLS 
file capacities: 

The NLS 1DENT file is currently about 75% of tne maximum NLS tile 
size. The IDENT tile may soon burst at the seams, unless the NLS file 
size limit is increased. 

Currently several implementers of record oriented data management 
subsystems in NLS have designed their data bases with several 
"fields", or data elements, within one NLS statement. One reason this 
is done is to increase the record capacity of the data file. It the 
limit on the number of statements was larger the data oase could be 
designed with each field being a statement. This allows more 
efficient field access, using NLS statement names, as opposed to 
performing strinq searches within a statement. 

The following is a list of what 1 believe to be the proper set of design 
goals tor any proposed modifications aimed at extending tne size of NLS 
files. 

1) minimal implementation cost. 

2J minimal run time penalties for users of smaller files. 
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3j snoula result in a siqniticant increase in capacity, i.e. an order 
of magnitude increase. 

4) snould oe invisible both to the user and to ail upper level code. 

5j if the file formats are incompatible, NLS must handle botn 
formats, allow cross tile edits, and provide tor automatic conversion 
from old file formats to the new format at update time. 

Ihe following cnanqes are proposed to the NLS fiie system to satisfy tne 
design qoais listed above.: 

1) Change the interpretation (.but not the length) of the PSID and 
PSDb fields within tne tile system, and within stid's. 

Current: 

First nine bits represent a tile page number , ana tne next nine 
bits represent a word offset from trie beqinninq of the page to 
the start of the element (structure or aata element). 

Proposed: 

Conceptually each file page is diviaed into fat 8 word "chunks". 
The first 12 Pits of an PSID or a PsDS is a file page number. 
The next six bits represent a "chunk inaex" at which the 
associated structure block or data element begins within the 
page. This requires structure data elements to begin an 
integral multiple of eight words from the beqinning of the 
page, Note that "chunks" map one to one onto ring structure 
elements, however a data block may span several chunks. 

2) increase the size of the page header blocks from 2 words to 6 
words. 

3) increase the size of ring structure blocks from 5 words to 8 
words. 

Note that this chanqe also allows more tree space in the ring 
blocks for possible future expansion. 

4) increase the number of possible structure pages from 9b to 1024, 
and increase the number of possible data pages from 370 to 409b. This 
implies increasing the size of the ring block status table, and the 
data Diock status table in the tile header. 

The changes outlined above would result in an order of magnitude 
increase in ttie maximum Nns file size. All potential user's of these 
larqe NLS files should understand that functions which are time 
consuming in NLS, i.e. functions which must run the rinq blocks or 
search data blocks, will be correspondingly slower tor larger tiles. The 
time for this type of function increases approximately linearly with 
fiie size. 

The estimated costs associated with the possible implementation of this 
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proposal are as follows: 

Implementation Costs: 

i estimate approximately one person month tor implementing the 
changes to the file svstem, another two person weeks tor testing 
and debugging, plus occasional maintainence over a two month 
acceptance testing period. 

Additional Costs: 

The proposed file structure is not compatible with existing NLS 
fiie structure. Therefore a new file structure version would oe 
defined. The version of NLS t8.b?) with the proposed changes could 
manipulate both normal NLS files ana long NLS files. NLS 8.5 and 
previous versions could not manipulate long NLS files. There will 
also be a small (1 believe insignificant) run time penalty for 
manipulation of old files under NLS 8.b. ihe update file command 
could (optionally?) convert old tiles into the new format. 
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Jlhe following is a discussion oi the tile size limit in NLS. The 
current limitations on tile size are discussed , ana a proposal for 
increasing this limit is presented, historically this NLS limitation 
is derived from a since removed restriction ot the TENEX operating 
system which limited a file to a maximum of 512 TENEX pages. 1 

As currently implemented NLS tiles may have a maximum ot 95 file 
pages allocattea to rinq structure clocks, and 370 file pages 
allocated to statement oata clocks. The limit to the numcer of 
statements which may oe contained in an NLS file is a function of 
average statement size in the rile, lor files which have an average 
statement size of less than acout 70 characters trie limiting factor 
is the number ot ring structure blocks available. The maximum number 
ot ring clocks, and therefore statements, in an NLS tile is 9690. For 
files with an averaqe statement size of more than 70 characters 
statement data blocks become the limiting factor, yielding an upper 
limit ot less than 9690 statements. The worst case is every statement 
having the maximum NLS statement size of 20uo characters. In this 
case the limit is 370 statements per tile. 2 

For most NLS applications the file size limitation has not ceen a 
major concern, however tor some applications this limitation is 
critical, increasing the NLS file size limit would be of 
considerable benefit to the builders of information retrieval systems 
because it allows larger oata bases within a single file, ana thus 
imay relieve the implementer ot the burdens and inefficiencies ot 
'handling multiple data files. There follows some examples of 
applications which could make use of larger NLS tile capacities: 3 

The NLS iDENT file is currently about 75% ot the maximum NLS file 
size. The 1DENT file may soon burst at the seams, unless the NLS 
file size limit is increased. 3a 

Currently several implementers of record oriented aata management 
subsystems in NLS have designed their data bases with several 
"fields", or data elements, within one NLS statement. One reason 
this is done is to increase the record capacity of the data file, 
if tne limit on the number of statements was larger the oata case 
could be desiynea with each field being a statement. This ailows 
more efficient field access, using NLS statement names, as opposed 
to performing string searches within a statement. 3o 

Tne following is a list of what i believe to be the proper set of 
design goais for any proposed moaifications aimea at extending the 
size of NLS files. 4 

lj minimal impjementation cost. 4a 

2 )  minimal run time penalties fox users of smaller fiies. 4b 
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3) should result in a signiticant increase in capacity, i.e. an 
order of magnitude increase. 4c 

4d 

4e 

4) snould te invisible both to the user and to ail upper ievei 
coae. 

b) if trie tile formats are incompatible, NLS must handle botn 
formats, allow cross file edits, and provide for automatic 
conversion from old tile formats to the new format at update time. 

The following changes are proposed to the NLS rile system to satisfy 
the design goals listed above.: 5 

lj Cnange tne interpretation (but not the length) of tne PS1D and 
PSDB fieios within the tile system, ana within stid's. oa 

Current: 5ai 

First nine bits represent a tile page number, and the next 
nine bits represent a word ortset from the beginning of tne 
page to the start of the element (structure or data 
element). bala 

Proposed: 5a2 

Conceptually each file page is divided into 64 8 word 
"chunks". The first 12 bits of an PS1D or a PSDB is a tile 
page number. The next six bits represent a "chunk inuex" at 
which the associated structure block or data element begins 
within tne page. This requires structure oata elements to 
begin an integral multiple of eight woros from the beginning 
of the page. Note that "chunks" map one to one onto ring 
structure elements, however a data block may span several 
chunks. ba2a 

2) increase the size of the page header blocks from 2 words to 8 
words. 

3) increase the size of ring structure blocks from b words to 8 
words. 5c 

Note that this cnange also allows more tree space in tne ring 
blocks for possible future expansion. bcl 

4) increase the number of possible structure pages from 9b to 
1024, and increase tne number of possible data pages from 370 to 
4096. This implies increasing tne size of the ring block status 
table, and the data block status table in che lire header. bd 

1 
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fine cnanges outlined above would result in an order oi magnitude 
increase in the maximum NLS file size. All potential user's of these 
large NLS files should understand that functions which are time 
consuming in NLS, i.e. functions which must run the ring DIOCKS or 
search data DIOCKS, will be correspondingly slower tor larger tiles. 
The time for this type of function increases approximately linearly 
with file size. 6 

The estimated costs associated with the possible implementation of 
this proposal are as follows: 7 

Implementation Costs: 7a 

I estimate approximately one person montn for implementing the 
changes to the file system, another two person weexs fox-
testing and debugging, plus occasional maintainence over a two 
month acceptance testing period. 7al 

Additional Costs: 7b 

The proposed file structure is not compatible with existing NLS 
file structure. Therefore a new tile structure version would ce 
uefined. The version of NLS C8.orJ with the proposed changes 
couid manipulate both normal NLS files ana long NLS files. NLS 
8.5 and previous versions coula not manipulate long NLS liles. 
There will also be a small tl believe insignificant) run time 

' penalty for manipulation of old files under NLS 8.6. The update 
file command could (optionally?) convert old files into the new 
format. 7d1 
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introduction f 

Tne following aescrioes tne facilities for compiling fifes ana 
loading new systems which have been in effect for some time among 
tne ARC system programmers, newer programmers have been unaware 
of tnese procedures except through tne ARC oral traatition ano, 
wnile this may oe of interest to programming anthropologists of 
tne future studying the early auqmentific Age, tne abolition of 
folklore in favor of tne written truth cannot help but reduce some 
chaos. while these procedures nave been documented pefore in 
earlier Journal messages, this note should be more up to gate and 
collects previously scattered information, bopetuliy, 
modifications will oe promptly entered as supplements. Copies of 
tne most recent version should be furnished to all new programmers 
as part of their orientation. (Important restrictions on the 
techniques include the necessity of using TENEX syntax for file 
names, a remnant of earlier days wmcn has never been correctea. 
Such limitations snould be fixea ana tne changes, documented.) la 

The system commands available are fully descrioea along with the 
relevant files (e.q., (nls, tasks,)) and rules for moaifyinq tne 
system in a manner wnich does not overly restrict the actions of 
others also working on other parts of that system. if these ruies 
are followed, a tixeo record of changes is avaiiaole; this record 
is often useful in tracking down the causes of side effects ana in 
restoring disappearing code-- an unlikely, but not impossible, 
situation as any old timer will attest. 

Tnese methods may also prove to be useful in the aesiqn of similar 
systems tor in S W „ lc 

Please note that some commands which I deem to be relatively 
useless are not descrioea fully (notably "Check Results of 
Tasks"). This is just a personal prejudice which could be 
correctea by fans of tnese neglected commands. Those commands 
aescrioed, however, should be of universal popularity where the 
universe is made up of the NLS systems programmers. Note that 
there is no excuse for not maintaining the records in tne changes 
branches! 1# 

The Structure of (nls, tasks,) 2 

ine foLlowinq branches axe contained in the file (nls, tasks,). 
Some of them are usea or created by automatic processes such as 
tne "Run Tasks" command in XXX while others are usea oy 
programmers to maintain a record of changes maae in any ot the 
evolving versions ot tne NLS. more detailed discussions may oe 
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found in the remaining sections of this file. Examples are copied 
from the actual file. My comments are enclosed in per cent signs. 2a 

Ctoao) list oi tasks for NLS background process to co. 

Compile inpfbk 

Compile <nic-nls>inpfbk 

Print inpfbk 

% Ihis piex will be reaa by the program which executes the 
comands listed here when the "Run Tasks" command is 
executeu. Because it is a program intolerant of syntactical 
errors, the form, described oeiow, must oe followed exactly. 

% Changes branches % 

% Cnanges to systems are listed here along with notes 
indicating wnen tne system lias been brought up as the 
running system. Cnanges in only some of the systems (e.g., 
oniy NiC-NLS) are listea only in tne corresponding branches 
When they are aodea to the other systems, they should aiso 
be recoraed in tne other appropriate branches. The icent 
ana date should also be noteo. The most recently aoded 
items are closest to tne top of tne piex. % 

( NIC ~ N L S ** C H A N G E S1 
files.... 

Record here changes to N1C-NLS source 

(nic-nis,psuserop,xuoprint3 KJM 20-JAN-

(NLS-CHANGE5) Changes to files in <NLS> that have not been 
copiea to Nine. 

(nis, filmnp, freplist) (nls, filmnp, 
filtrmp, reprop) (nis, filmnp, ireprop) 
filesc) HGL 30-DEC-75 

del prop 3 (nls 
(nls, u ti11 y, 

sot Changed cooe sc replacing a property block goes 
delete tne associatea interior tree. FREEROp no 
ionqer frees the inferior tree or the property: it 
returns the slid of the interior tree to the calling 

2 a 1 

2 a 1 a 

2 a is 

2a ic 

2ala 

2a2 

2a2a 

2 a2« 

2a2bi 

Addeo code to make tab setting cnanges take effect 
immediately on IN LB (.already in immediate effect on 
D N L S) . 2 a 2 b i a 

2 a 2c 

2 a 2 c 1 



hGL 22-JAN-76 1 3: 54 
Compiling NL6 System Files ana Loaamg New hls Systems: The use of 
IASisS ana otner tecnniques £01* System trogrammers 

2 7 3b 1 

procedure which must 00 this ay calling t RETN'iREt, as 
is aone oy DELFPQP and FPEpLisi, or relink it to a new 
propel ty oy calling li.s I 1REE it aesirea as is done in 
REPr.OP ana irlLESC. 2 8 2 C j 8 

(NINE-CHANGES) Record nere changes to NINE source tiles 2 a 2 a 

(nine,auxcod, showfe) LEG 23-DEC-75 15:29 2 a 2 d 1 

Added this procedure. Performs tne PCF call to EE 
"show" routine. 2a2dla 

(NSW-CHANGES) Cnanqes to tiles in <NSW-SOUPCES> to oe 
documentea. 2a2e 

(DONE) Tasks Which Are Done (CLEAN THIS OU'I ONCE IN A WHILE) 2 a 3 

% These statements are created by tne "Run iasks" command 
and by the "Process Commands" branches tor loading files. 
When Tasks compiles a file on tne Dasis of a command in the 
TODD branch, it moves that statement from tne top ot tne 
IGDO suDplex to tne top of the LONE subplex. It the 
compilation is successful, the date and time of the 
completion of tne compilation is notea. J£ tne compilation 
is unsuccessful, it notes only tne number ot errors. 2a3a 

I 
Compiler diagnostics rray be touna in the text tile 
specified oy the "Run Tasks" command feedback. (it is 
unfortunate that tne user cannot specify tne file name.) 
Tne name of tne file witn the diagnostics is 
<nis>u-out.txt;. it is generally obvious which version 
you will oe interested in-- hopefully tne most recent. 
it may be examined by copying it to 111: at tne EXEC or 
by doing a "Copy Sequential" in NLS. If you are running 
tasks ana tnere is an error in one of tne files, the 
error snouio be corrected oefore loading if possible. 
too may nave to contact the person whose tile was 
cnangea; if it is an obvious syntax error, fix it 
yourself. 2e.3al 

The lastload branches are inserted at tne completion ot 
loads driven by the process commands branches aescribed 
oelow. Loaaer diagnostics may oe found saved in the TXT 
tile named in the corresponding Process commands branch. % 2a3b 

(Lasthoad) Last GNLS Loaa: 15-JAN-76 23:13 2a 3c 

Compile mpfbk 2 a 3 
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Completed at 15-JAN-76 23:09 

Compile <nic-nis>trontena 

22-DEC-75 13:02 1 Errors 

(LOAD) Process commanas branches tor loading new systems. 

% Ine orancnes with the names listed below are descrioeo in 
detail in a later section of the file. iheir names are 
fairly self-descriptive. If you do a load using them, the 
.loaaer diagnostics and maps are saveo in a file and the load 
is noted in the DOLE branch. Neither of these benefits is 
available if you do your loaas via RUNFIL at the EXEC, mus 
your fellow programmer has the benefit ot oeing acle to 
cnec< tne loan map tor information acout tne experimental 
system which is beinq debugged. % 

(make-gnls) \ 

(make-rnis) 

(make-xporqen) 

(make-por gen) 

lma<e-nls9j 

(printlist) 

% This branch contains a plex ot the following form for 
every file in nLS. It rriay be copiec to the iuOQ dranch in 
order to get a complete listing or LLS in tne special 
listing format simply be issuing tne "Run las<s" command, % 

Print <nis>ADRtonp 

(nic-nls-printlist) 

% This branch is simialr to the previous one except it is 
for riles in the <nic-nls>oirectory. 'mere should oe a 
branch created tor <nine> and <nsw-sources> as well. % 

prmt <nic-nls>ADRPiNe 

Compiling ana Printing Groups of files-- The "Run iasKS" Command in 
Supsystem XXX 

2 a 3 a 1 

2a3e 

2 a 3 e 1 

2 d 4 

•2 ci 4 -6 

2a4d 

2a4c 

2a4a 

2a4e 

2a 4 f 

2 a 5 a 

2 a 5 b 

xab 

2 a b a 

2 a 6 b 

3 
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before describing now to use TASKS 1 wisn to stress the neea to 
update trie tnls, tasks,) tile whenever you nave tinisned using it, 
whetner to run tne tasKs command, ioaa a system, insert a command 
statement in tne iuDCJ orancn, or enter a record of a change. 
Utners must use tne tile, ana they will not oe aoie to ao so if 
you nave left it locked. 3a 

To oaten requests to compile or print files, commands are placed 
in tne tnls, tasks, TODO) branch. Tne syntax of tnese requests is 
fairly restrictive: Capitalization ot the command word out not the 
file name is important as well as tne presence of spaces. if tne 
file to De compiled or printed is in the hLt> directory, tne 
directory need not oe specified. Otherwise, the directory must be 
noted in TELEX syntax. Some examples are: 3d 

Compile fintnls 3bl 

Compile <nic-nls>fintnls 3o2 

Print tintnls 3o3 

If a file is to be compiled, tne FILE statement of that file must 
be of the following form. Note that ALL NLS system files are in 
this form. The rel-file name is the one specified in the FILL 
statement comment, because ot the current state ot the TASKS 
command, the format must be exact. 1ENEX syntax is necessary. 
Thus we nave the redundancy of an additional comment in NLS link 
syntax because ot the reauirements of the commands in the programs 
subsystem! This hopefully will be fixeo in tne future. Note also 
that the compiler is also specifiea. If no directory is notec, 
tne default system compiler is useo. Experimentai compilers must 
nave the directory specified. Examples of the FILE statements 
ar e: 3c 

FILE fintnls % L10 to <nic-nlS>FiNTNLS %% (LiO,) 
(nic-nls ,FIMNLS,) % 3ci 

FILE nlslanguaqe% CML <rel-nls>SlNlAX % % ( CML.) 
(rel-nls,SYLTAX.rel,} % 3c2 

FILE bintnls % <AHCSUBSY6>XLl0 to <KELNiNE>bintnls %% 
(a.rcsubsys, XLiu,) (HELNINE,bintnls ,) % 3c3 

To get tne process started, you must issues tne "nun tasks" 
Command in subsystem XXX. (XAX should be an attached subsystem 
tor all NLS system programmers; it. should be set as such in vour 
user profile. Otner useful commands in XXX permit you to enter 
TENEX DDI; less generally useful commends are also tnere to start 

4 
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the Journal process, etc.) it was at one time possioie to nave 
the system uetach your joo once the process started. inus you 
could then log in again ana not tie up a terminal. tine joB would 
run getacned.) 1 aon't recommend this pioceaure Because of 
various problems in the system. it you just let tasks run, vcu 

• may see the statements disappear dynamically as trie system 
compiles them one py one (.assuming you have the tile loaded to the 
iuDO oranch on a display), when the t-rocess is complete, you will 
receive the message "Tasks completed". 3d 

if the system crashes in the middle ot a compilation, it will not 
have oeen moved to tne DUNE branch. 3e 

Notations of successful or unsuccessful compilations are inserted 
down from the commands as noted in the discussion of the DONE 
branch above. it the source file is locked, it will' not be 
compiled bv TASKS (unless rt is iockec by the person running 
tasksi) ana tne message "Cannot open tile" will appear in tne DONE 
brancn. This feature prevents the compilation of a rile wnich is 
in tne process of oeing modified. 3f 

Compiler diagnostics are avaiiaple as noted above in the 
discussion of the DONE orancn. 3g 

A little used command in XXX may be usea to "Check" if there were 
any errors in tne compilations before loading* This command is 
included in eacn of the "Process Commands" Drancnes roi loading 
subsystems. 1 personally prefer to check sucn information myself 
and fix syntax errors cy nana. 1 then go on to load the system 1 
want oy using the appropriate branch. 3n 

Loading System Files-- The Process Commands Branches in (nls, tasks,) 4 

One may do a load o"f an NLS system (or output processor ) by doing 
a "Process (commands from) Group" on tne group of commands in tne 

i desirea orancn in TASKS. All of these branches have the same torn, 
-•'and accomplish tne desirea tasie by starting up a lower fork ana 
doing tire equivalent ot a RUNFIL. The commands file has the same 
format as any usea in tne RUNFIL command at tne 1ENEX EXEC with 
one important exception; there must oe the word QUI J at the end to 
get you out of tne lower level foi^ and back to NLS. Iypinq 
controi-I while the process is running will net give vcu any 
information since it is directed to tne lower level fork. In fact 
typing anytning wni1e tne load is in progress is protaoiy 
dangerous Because of limitations in the system which were 
introduced when it was written sever ax years ago at a time when 
tne IENEX fork manipulation mechanisms were even more primitive 
than they are now, 
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while commands in these branches also permit you to run 1A6KS, 1 
aon't use them lor this purpose,: 1 pieter to separate the joes. 
Thus 1 oo "Process Group" rather than a "process Plex", 

Tnere are several advantages to using this process r.athei than 
doing a RUNFIL at the TEhtX EAEC: 

A permanent recora of the load diagnostics and map is available 
tor viewing bv other programmers. 4c i 

The date ana time ol the loaa is recorded in tasks 4c2 

A copy of the load diagnostics is put out to the lineprinter. 
(This was once useful, but since the loader diagnostics nave 
COLS ratner than CR-LFs, the load maps try to appear all on one 
line on tne ELF printer: iou can, however, do a "Copy 
Sequential" in NLS on tne load map file (tne name of which is 
specified in tne process commands brancnj or view that file on 
your terminal at tne TELEX EXEC by copying to' TIT : 4c3 

A typical Process commands branch from (nls, tasKS,) appears 
below: 4a 

(make-gnls) 4at 

execute programs attach subsystem xxx 4ala 

execute xxx run tasks 4dlfc 

execute xxx check 4die 

;; *+ DO NOT type AM'THlbG while load in progress ** 4aid 

execute programs run tenex (system,exec,)tile 
(reJ.-nls , load-map-gnis.; , )f rom (rel-nis ,gr unlar . txt,)yes 4 die 

load file (nis,tasks,) 4aif 

insert statement (nls,tasks,done)d(LastLoaa) Last GNLS Load: 4aJg 

insert time (nis,tasks,done.a+e) 4din 

update file 4aii 

copy file 
(r ei-nls , ioad-map-gnl s.; 0 ) (arcpr inter , ioad-map-qnis. *; *,) Idl'i 

*•£ LOAD COMPLETED ^ 4 u Ik 

b 
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Similar orancnes exist for KLS (creates <rei-nls>gnls), AlC-NLS 
(creates <nic-nls>rnls), NINE (creates <relnine>benls), XPUKGEN. 
(creates <xporgen>xoutprc) ana T-ORGEH (creates <poigen>xoutprc). 
'inere ouqnt to oe one for loading tne front end as well! 4c 

hLS versions of ail tne commands files for tne KUNF1L exist. If 
you wish to cn-anqe tne runtil, you snouia cnanqe tne KLS version 
and tnen do an "Output Assenoier". (You prooaDly snouian't change 
tnem oiitneiy oecause of space restrictios ana tne necessity tor 
having files in specific locations in the address space.) Tne 
relevant files are: 4f 

(nis, qrunldr,) usea to make (rel-nls, grunlcr.txt;,) 4fl 

(nic-nls, runldr,) used to make (nic-nls, runldr.txt;,) 4f2 

, (nine, loadnls,) used to make (relnine, ioadnls.txt;,) 4f3 

(poryen, opload,) used to make (porgen, opioad.txt;,) 4£4 

(xporgen, opioad,) used to make (xporgen, opioad.txt;,) 4iS 

Again, there should pe a pair tor the frontend listed here. 4f6 

Recording Changes and Additions to the System-- The Changes brancnes 
in (nis, tasks,) 5 

For your own benefit as weir as for the sanity of your fellow hnS 
system programmers, you should record relevant changes to tne 
system (from minor bug fixes to major overhauls) in the 
appropriate cnanqe branches in iASKS. Examples ci some recent 
records are contained above. These notes are very useful in tne 
creation of documentation ana in analyzing siae effect bugs. 5a 

",y 

Suggested Tecnniques for Modifying the System 6 

"J Minor bug fixes (changes to tne system which take less than a few 
days) may DS maae directly to tne source coae. After the changes 
have been put in, compile the file using 1ASi\S ana tnen load tne 
system (after pernaps negotiating with others who have files in 
tne same system waiting to be compiled.j After successful 
testing, note tne cnange in tne appropriate branch. Send a 
message through the journal to tne appropriate documentation 
person if new documentation is necessary. Send a message to the 
appropriate Applications programmer to nave them cring up the 
system as tne running version on ail relevant machines, Changes 
to <nic-nls>rnls neeu great care since it goes to CrflCE-1. 
Changes to <rel-nls>qnls appear in tne running system at islC. 6a 

7 
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Major additions or changes should prosody oe done in your own 
copy of tne relevant source cooe file which you may debug using 
the Programs Subsystem, nowever» because otners may wish to fix 
bugs in the same file, you should maintain a lock on the oriqinal 
so any otner programmer will be aenied access by the system. 
After personal negotiations (so tne other programmer s changes are 
also placeo in your copy of the file) you coula let the other 
person nave access to the system file by upoating it. iou must 
then place a lock on the file again, warning messages may be 
place a in f ASKS to let other programmers know about pending major 
system disruptions. 

As a rule, developments should remain user subsystems until they 
nave oeen thoroughly cnecxea out. uniy then should you 
incorporate the changes in experlmental NLS systems, further 
testing snoulo be carried out before tne auditions or 
modifications make their way into supposedly more stable systems 
such as <nic-nls>rnls. 
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<<<<<<<<<<<<<<<<<< Text of Cited Document Follows 

MES6AGE 
Jim, I read your RFC with qreat interest. 1 tend to aqree with you 
aoout tne qeneral utility of the procedure call model tor protocol 
design; however, theie are several points in your paper which weaken 
you argument considerably. 
Althouqh i am sure vou did not intend it, paraqraph 2cl seems to 
imply tnat the Telnet protocol defines connection conventions ana the 
cnaracter set, but not the commands. 1 assume that you are pointing 
out the lack of a Common Command Lanquage in t.ne Net for often used 
functions, it is a valid point, but has little to oo with the Telnet 
protocol itself. 
A Pit later vou note that the general format for protocols oeyond 
ielnet have a command followed by a single parameter. From the 
context, 1 assume you are referring to FTP and RJE ( the only otner 
possiolities are Mail and Graphics) of wnich only FTP has this 
format. This hardly seems sufficient to make a generalization from. 
Also on the point of the sinqie parameter, you seem to indicate Cand 
riqntlv) that this limitation is restrictive and should be relaxeo. 
However, it 1 remember correctly from the last FTP meeting in March 
i973, the reason for adopting the single parameter form was the 
difficulties of providing a way to report parameter errors or 

I incompatible combinations of parameters in a machine readable form 
" that was helpful, would not get out of hand, ana everyone felt 

comfortable with. Although several possibilities come to mind to 
address this problem, 1 find it a major flaw in your paper that after 
pointing out the restriction tand implying that the position being 
taken in this paper is better) you fail to address the issues which 
lead to tne restriction originally. The problems could be dealt with 
in relatively short order and would lend more credence to you overall 
argument. 
if you would like more evidence on your side with respect to modeling 
communications as procedure calls, you might look at Balzer's article 
"An Overview of the iSPL Computer system Design" in CACM Feb. 1973 
Vol. ID NO. 2. in which he implements ports by means of co-routines. 
A real nit-pick. 1 was a little disappointed in tne generality of 
your data types, wny should integers and indices be restrictea to 32 
and lo bits respectively? For that matter why distinguish the two? 
Tnere are several qood data type formalizations floating around in 
the literature that you might want to look at. 
All in all you may find that these are rather minor points, but my 
own feeling is that they detract rather heavily from the flow of the 
argument tnat is being made in favor of the procedure call model, 
its almost like one has lust read the proof of a theorem; and you 
feel that tne theorm is true, but your not sure you believe the 
proof. 
Take care, John 

REPLY 
| Jonn-- Thanks for your comments on my NCC paper. Assuming the paper 
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is accepted for inclusion in the Proceedings, I will try to 
incorporate vour comments along with the referees'. In response to 
some of youi specific points: 

CI J You're right, I'm not criticizing the TELNET protocol; it aoes 
what it was designed to do, i.e. provide a vehicle 6y which a user 
can address arbitrary commands to a remote process. Rather, I'm 
simply noting that effective process-to-process communication 
(with no human in the loop) requires that the syntax and semantics 
of commands oe fixed. 

I chose to talk aoout process-to-process protocols as if tney 
were command languaqes because that's the way they in tact 
developed in tne ARPANET Ci.e. TELNET was chosen as their 
foundation). Although 1 have never bought this design strategy 
and oelieve it has hindered protocol development, it is tne one 
that was chosen. 

C2) The familv of protocols to which 1 refer in the paper consists 
of FTP, RJE, and Mail (Doth as it exists within FTP and as (for 
example) 1 proposed in RFC 524). Each of these protocols employs 
tne sinqle-parameter-per-command model. Although the family is 
small (rust as the total number of official network, protocols is 
small), I'm sure the philosophy behind it would tend to oe adopted 
in other application domains tat least those amenable to it), were 
there any such work being tunoed these days within the ARPANET. 

There are, of course, as you note, other applications protocols 
(e.q. graphics) which are structured entirely differently; i 
will make this clearer in the paper. 

(i) 1 don't recall the difficulty of reporting parameter errors 
peing a factor in limiting tne protocols to one parameter per 
command, altnouqh that was a long time ago anc 1 may have 
forgotten. lhe reason i do remember was the difficulty of 
delimiting one parameter from another, i.e. of finoinq a delimiter 
tnat would never appear in a parameter. The decision was 
therefore made to allow just one parameter per command, from which 
only CR LF were excluded. lhis, of course, was simply laziness on 
our part, since there are simple ways of surmounting the 
difficulty (.e.g. preceeding occurences of tne delimiter within the 
parameter by an escape character). The insistence that the 
protocol be tvpeable by a TIP user may also nave had something to 
do with the decision. In any case, the data typing scheme 
proposed in the paper solves this problem, of course. But since I 
didn't even describe the problem in the paper, I, of course, 
didn't maxe a big thing about its solution. Perhaps tne paper 
should contain some more background information in tnis area (but 
1 find it embarrassing to even talk about). 

Regarding tne difficulty of reporting errors in a 
multi-parameter-per-command model, 1 don't understand what the 
problem is. FTP permits an error number to be returned to tne 
invoking process, in which the specifics of the error (e.g. 
which parameter was at fauit) can easily be encoded; the 
protocol proposed in the paper does likewise. Every 
programming environment with which i have ever dealt taxes 
rouqnlv this same approach. There error numbers are employee 
to report the failure of procedures whose calling sequences can 
be complex inoeed, and the mechanism has always seemed 
perfectly adequate. 

(4) The problem of imposing ceilings on the length of a character 
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string, the size ot an integer, etc. is one that can only oe 
solved by simply Ditind the bullet ana pickinq numbers. Whether 
3z bits as the widtn ot an integer was the riant choice, 1 don't 
know. if one instead picks 3b, thereby allowing a 3t>-bit machine 
to send such an object to (.for example) a lb-bit machine, the 
latter will nave major problems trying to manipulate it. 
Thirty-two seemed a nice choice at the time, since objects of that 
size can easily be manipulated by both 32- ana 36-bit machines, 
and require an even doubiewora for their representation in 16-bit 
machines. 

Type INDEX was NOT intendea simply as a more efficient way of 
encoding small INTEGERS, a qoal that can be achieved much more 
cleanly by defining two transmission formats for INTEGERS, one 
for use with very small numbers ana the other tor use at other 
times. INDEX was introduced as a distinct data type as a means 
of formalizing what 1 have found to be a very common class ot 
data objects, namely, small positive integers (the 2**15-1 
upper bound being somewhat arbitrary) used as hanales or 
identifiers for other oojects. what 1 was aiming at was a 
convenient way of restricting certain procedure arguments or 
results to such objects. Perhaps the riqht thing to do is 
simply describe such parameters as "an INTEGER in the range 11, 
1**15-11", although "an INDEX" is certainly more convenient. 

Jonn, you may be interested to know that A1 Vezza and others at MIT 
have aiso designed a set ot data types and transmission formats (for 
a mail protocol tney're working on) that I believe will be described 
in a forthcoming RrC. Their protocol takes much greater pains to 
accomodate large objects and to minimize representation sizes, ana is 
to my proposal what a Cadillac is to a vw. --Jim 

End of Cited Document 
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018 MESSAGE 018 

019 Jim, 1 lust nad the pleasure ot reading your tvto DPS papers 
wnicn 1 tound most lucid and eniiqhtening. A couple of questions 
occurred to me, however. 

020 in your NCC paper, YOU state that "unlike the suostance of the 
Protocol, however, tne Mooei has already proven quite 
controversial in tne ARPANET community." (.par 4a8) Could you point 
me to some RFC's or whatever that relate to this controversy? i 
am most interested in what people find palatable ox distasteful 
aoout your formulation, in particular, your selection of 
procedure-like models rather than process- or command-like models 
bears furtner discussion in my mind. Is that what the controversy 
was about? 020 

021 In your second paper 127250), it took me a while to understand 
where tne extensions you discussed in part 3 get implemented. if 1 
nave it straight, tne first extensions discussed in each section 
are of a "server" nature -- that is they are part of the run time 
environment, and respond to requests from remote processes 
tactuaily the remote process' RTE) to do something to local 
processes. INIPROCESS, ALOPORT, etc. are in this class. The 
second type procedures you oescribed exploit tnese "server" type 
procedures to provide a "user" type service to their local 
processes. So a process calls CRXPRDCESS in its local RTE which 
talks to INIPROCESS in the appropriate remote computer's RTE to do 
the right stuff, is this ail correct? if so, 1 think you should 
maxe tne distinction between the server and user type RIE 
procedures clearer, You also might make it very clear tnat all the 
extensions to the mooel you present in part 3 are "system 
procedures" as you say in part 2, either of the server or user 
type. 021 

022 I'm looking forward to our session at NCC. Carl Sunshine 022 

023 REPLY 023 

024 Carl-- Thanks for your comments on my DPS papers. Assuming 
the papers are accepted for publication, I'll try to incorporate 
your comments along with tne referees', in response to your 
specific questions: 024 

025 (1) The major point of controversy within the ARPANET nas 
indeeo been the procedure call model. See: 025 

u2t> (a) "A Commentary on Procedure Calling as a Network 
Protocol" 

(RFC b84) by Rick schantz ot BBN. 0zo 
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0z7 (bj "Some Comments on the Procedure Caii Protocol" 
bv Haj Kanodia of MIT (to my Knowledge, this was never 
published as an RFC; perhaps Raj can supply you with a 
copy). 027 

028 (2) In the paper, l tried to carefully distinguish between 
the "primitives" that a run-time environment offers its local 
applications proqram, and the "system procedures", which one 
run-time environment offers to another via the Protocol, via 
which those primitives are implemented, AS you finally 
concluded, CRTPR0CESS, for example, is a (local) primitive 
wnile INI PROCESS is the (remote) system procedure required for 
its implementation. All the primitives (which correspond to 
your term, "user type RIE procedures") are summarized in 
Appendix C, all the system procedures (your term, "server type 
RTE procedures") in Appendix E. 028 

029 As indicated in paragraph 2d4, i employed the same 
format for describing both primitives ana system procedures, 
hoping that the category into which particular primitives or 
system procedures fell woulo oe apparent from the context. 
Sorry for the confusion; I'll try to aevise some notational 
difference to distinguish the two. 029 

030 Carl, thanks again tor your comments. After proof reading 
something 500 time yourself, it begins to roaKe sense no matter 
what it says. --Jim 030 

1 
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MESSAGE 

05 Jim, 1 was just Drowsing through RFC'707 , and came up with the 
following comment: in 2c 7 on page 5, you descxibe the RNFR/RNTO 
FTP command sequence, saying tnat "Since tne general command 
format admits but a single parameter, multiparameter operations 
must be implemented as sequences of commands". that's generally 
true; i reqard it as an example of narrow thinking on the part of 
the folks who first specified the IIP, which has been blindly 
perpetuated by all who followed. Note that in the latest go-round, 
we nave some raode-setting commands whicn take TNG parameters! (1 
forget which, but it's there). 

Ob The example of RNFR/RNTO can only prompt the reader to sav "On, 
what a oad design!". which, of course, is the point, for you pick 
up on this in 3az CI). But I think it's the weakest point, for we 
could design the two-command sequence, with its attendant rouno 
trip delays, out of the protocol. we CAN'T oesiqn "parameter 
types other than cnaracter strings" into the FTP, nor can we 
"return results in a command response". l think these are by far 
the more substantive problems with the FTP'S cruoe 
command/response discipline; RNFR/RNTO is merely a rouqh edge 
that, 1 think, isn't worth mentioning in a technical paper. 

07 Good paper, by the way! 
Regards, Ken 

08 REPLl 

09 Ken-- Thanks for your comments on the DPS paper. 

010 The most recent FTP spec contains two commands with more 
than one parameter: SOCK, which permits both host aadress and 
socket number to be specified; and ALLQ, which accepts both 
maximum file size and maximum reccro size, ooth are "easy" 
commands to define, since both of their parameters are numeric and 
therefore a space can reaoily be employed as a delimiter between 
them. l considered mentioning these two commands in tne paper, 
but decided not to (perhaps a mistake), since 1 was interested in 
describing the qeneral philosophy behind the protocols (i.e. the 
rule, not the few exceptions to it). 

011 Needless to say, RNFR/RNTO is not an isolated case, since 
in f TP we also have: 

012 USER/PASS/ACCT instead of LOGIN (user, pass, acct) 

013 RETR/TiPE/STRU/MODE instead of RETR (pathname, type, stru, 
mode) 
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014 STQR/ALLO instead of STEP (pathname, filesize, recsize] 014 

015 But you're right that this defect of the protocol viouid be the 
easiest to remove. --Jim 015 

1 
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WHAT DPS IS 

The Distributea Programming System (DPS) aeveioped by SP.l's 
Augmentation Research Center (ARC) is a software framework that 
encourages resouxce sharing within a computer network by facilitating 
the construction of distributed systems. It involves the following 
three elements: 

A MODEL A high-level, application-independent model of distributed 
systems iavs tne foundation for a network-wide virtual programming 
environment in which hierarchically arranged processes can communicate 
with one another at tne procedure call level. 

A PROTOCOL A network-wide Procedure Call Protocol (PCP) implements 
tne model by appropriately regulatinq the dialog between two processes 
interconnected bv means of a network inter-process communication 
channel. 

INTERFACE SOFTWARE Interface software provided by eacn installation 
and link loaded with Cor otherwise made available to) an applications 
program employs the protocol to provide the program with high-level 
process manipulation primitives, thus effectively extending its local 
operating system to embrace processes anywhere in the network. 

FOR MURE INFORMATION 

The Distributed Programming System is descriDed in a set of four 
documents, of which the present document is one: 

INITIAL MOTIVATION The first paper provides important initial 
motivation for developing a procedure-call-oriented interface between 
distant processes: 

A High-Level Framework for Network-Based Resource Snaring, 
December 23, 1975 (SRI-ARC Catalog Item 27197). 

MODEL DESCRIPTION The second paper, a companion to the first, more 
fully develops the DPS model, suggesting standards for otner common 
forms and aspects of process interaction: 

Elements of a Distributed Programming System, 
January 5, 197b (SRI-ARC Catalog Item 27250). 

PROTOCOL DEFINITION The third document is intended primarily for 
systems programmers and provides a detailed description of the 
Procedure Call Protocol: 

DPS-10 version 2.5 lmplementer's Guide 
August 15, 1975 (SRI-ARC Catalod Item 2b282). 

TENEX INTERFACE SOFTWARE DESCRIPTION The final document, intended 
primarily for applications programmers, contains a detailed description 
of interface software implemented by ARC tor PDP-lQs running tne Tenex 
operating system: 

DPS-10 version 2.5 Programmer's Guide 
August 13, 19/5 (SRI-ARC Catalog Item 26271). 
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This file is designed to give you a substantial, concrete introauction 
to NEWRETRIEVE commands. Provided you loaa a similar iile with your 
directory as a olex you may actuaiiy "execute" tne examples. 01 course, 
you can change what content is being searched lor. 1 reccommend tnat 
these examples be executea on a I'l to get a hardcopy listing ol the 
noise words. 

First, you must loaa the NEWRETRIEVE subsystem. Currently, it has 
the nicxname RULES ( Retrieval User Language lor Evaluating sets ) 
<cornish, ruies .subsys , >. 

Assuming you are in the RULES subsystem, to "execute" a group, branch or 
statement ot RULES commands, simply enter "ExecuteC command in) base 
Process C commands ) ...." indicating the desired group, branch or 
statement. The commands will be executed, leaving you still in RULES. 
Ail the retrievals will appear in this file. 
Thus, the secona function of tnis file is to be a scratch pad lor the 
various example commands. 
Finally, this tile serves as an excellent test case. 
Summary ot NEWRETRIEVE 

NEWRETRIEVE nas been evolving now lor several months. 
Here are brief descriptions ol tne commands to date. 

Define 
The Define command acts as a declaration, You may define 
either a form or a criterion. Within a define command, you may 
reference previously defined torms or criteria. NOTE THAT WHEN 
YOU 0U1T THE SUBSYSTEM, YOU LOSE ALL DEFINED FORMS AND 
CRITERIA. Thus, 1 have found it exceeding convenient ( modulo 
the hassle of writing command brancnes ) to collect all my 
declarations into command branches. 

Evaluate 
You may call foi tne evaluation of a previously aefmeo form or 
criterion. When you evaluate a ciiterion at a statement, TRUE 
or FALSE is displayed in the 1TY simulation window depending 
whether or not the statement "satisfies the criterion", 
wnen a form is evaluated at a statement, a structure is 
generated which is inserted to foliow a statement you select 
with a level adjust vou select. 

Evaluate form-name tat) SOURCE (to follow) DESTINATION 
LEVADJ CONFIRM 
Evaluate criterion-name (at) SOURCE CONFIRM 

Viewspecs 
Note that now, viewspecs are considered part of a form, when 
you define a form you are prompted tor the viewspecs you wish 
associated with the form. At a later tine you may invoke 

Set Viewspecs (for form) form-name VIEWSPECS 
should you wish to alter tne viewspecs. setting these 
viewspecs does NOT alter the viewspecs ot vour current display 
area. 

Show 
To dispiay the declarations of the various forms ano criteria 
you have defined, J nave inciude the command 

Show ( definition ana complexity of ) Form form-name CONFIRM 
Snow ( definition and complexity ot ) Criterion form-name 
CONFIRM 

"Complexity" is a measure of the hairiness in some sense of a 
form or criterion, it is the number of sequences required at 
any one time to evaluate the form or criterion. 
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Recall that in NLS B and B.5, no more than 4 sequences can oe 
open at anv one time. 

Flush 
1 regard this commana as an interim solution. 
Under raie circumstances, errois will leave open a seauence or 
two. Thus 1 have included the commana 

Flush i ail unciosea forms ) CONFIRM 
1 plan to incluae a command which will institute the evaluation ot a 
specitiea criteria as tne "content analyzer" for the current display 
area. Also, i plan a command which will institute the evaluation ot 
a specified form as the "sequence generator" for tne current display 
area. 
This would aliow the easy I fingers crossed ) use ot forms and 
criterias in other areas of NLS, such as Output Quickprint. 

Consider tne following examples 
A search across files for content. The northwest passage!! 

Suppose that by doing a Copy directory UNDER the statement itilesj 
i get a piex of links to all my l unarchived !!) files. How can 1 
extract from this plex, all links which point to tiles "about" 
NEWRETRIEVE? Here you may ot course substitute your own content. 
First off, 1 must extract from the plex all the links to NLS 
tiles. Play along and pretend you don't know ( 1 didn't ) tnat you 
couia get them with an option to the Copy Directory command. 

Thus 1 define one criterion which is simplv a pattern based on 
the extension of an NLS tile. 
Then 1 aefine the form nlstiles which "extracts" from ANT plex 
all statements containing somewhere the content ".NLS;". 
Finally, to perform tne extraction on tne PARTICULAR plex I 
"evaluate" the form nlsfiles at the statement (files.d). 
Again, this means that the SPECIFIC plex to extract from is the 
plex at (files.al. 

Note that wnile forms names must be uniaue as well as 
criteria names, RULES allows the name of the form ano tne 
criterion and the destination to oe all the same, 

mis) 
Define Criterion nlsfiles<CA>Pattern L".NLS;"j ;<CA> 
Define Form nistiles<CA>Extract Piex <*NXCA>Name 
n l s f i l e s  <C A><"N><CA> 
Evaluate Form nlsfiles<CA> tiles.a<CA> nlstiles<CA>d<CA> 

Secondly, let's abritarily define "file is about NEWRETRIEVE" to 
mean that the file contains the content "NEWREIRIEVE" in at least 
one levei 1 or level 2 statement. While this miqht be somewhat 
artificial, it demonstrates the use of viewsoecs with a form. 

First, 1 define a criterion named nwcrit. when nwcrit. is 
evaluated at a specific statement, the link in the statement is 
taken and tne branch at "the other end" under viewspecs "eb" is 
searched for a statement containing the content "NEWRETRIEVE". 
it one is found, the criterion nwcrit is TRUE. Otherwise, the 
criterion nwcrit is FALSE. 
Secondly, l define a form named nwform. When nwform is 
evaluated at a specific statement, in this case (nlsfiles), an 
"extraction" is performed on the plex at (nlsflies.d). The 
criterion used in this extraction is the criterion newret. 

Recall that the piex at (files.d) is a plex of LINES. When 
nwform is evaluated at the statement (nlsfiles), nwcrit will 
in turn oe evaluated at eacn of the statements in tne plex 
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at (nlsfiies .d). If for one of trie statements nwcrit is 
1 RUE , tnen tnat statement is handed back as part of the 
extraction. Otherwise, it is not hanaed pack, 

finaliv, the structure handed back as a result of the 
extraction is inserted UNDER (expand). Recall that what each 
statement in this structure will be is a link to a file 
containinq some level 1 or 2 statement with content 
"NEWRETRIEVE". Another example follows in which trie ACTUAL 
STATEMENT with content "NEWRETRIEV E" is hanoed back. 
(extract) 

Define Criterion nwcrit<CA>some Branch .l<CA>eb<CA>Pattern i 
"NEWRETRIEVE" J ;<CA> 
Define Form nwform<CA>Extract Plex ,a<CA>w<CA>Name 
nwcrit<CA><"N><CA> 
Evaluate Form nwform<CA> nlsfiies<Ca> expana<CA>o<CA> 

(expand) 
Expanding a plex of links 

Assume that vou have a plex of links to ail your files, sucn as 
you would get if you dia a Copy Directory. Do this to go under 
statement (files). Since you only want to expand links to NLS 
files, vou first must "extract" trie links to NLS files. 1 assume 
this nas also been cone already in the first example. If not just 
execute tne branch at (nls). 
Once the plex under (nlsfiies) as been constructed, the links are 
expanded to two levels oy executing 

Define Form reach<CA>Branch .l<CA>eb<CA><CA> 
Define Form loopreach<CA>Loop Plex <*NXCA>Name 
reach<CAX*NXCA> 
Evaluate Form loopreach<CA> nlsfiies,o<CA> expand<CA>d<CA> 

Alternatively, you may execute 
Define Form onestep<CA> Loop Plex <*NXCA> branch 
. l<CA>eb<CAXAN><CA> 

(structure) 
mary had 

a little lamo 
sne was white 

narold was a barrel 
roll on 

over the falls 
yeah yean 

we all have substructure 
(handle) 
(tiles) 

< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 

AFMF0RMAT.SU6S1S;39, > 
AFMFQRMAT.CML;11, > 
CAPABILITIES.NLS?9, > 
CQBOLEIGHT.CML;4 , > 
COBQLEIGHT.SUBSYS;2, > 
COBOLEIGHT.NLS,*2, > 
CODEuUTLINE.NLS;8, > I being Modified By CORNISH (JAC 3) J 
DECIMAL.CML;2, > 
DECIMAL.SUBS¥S;38, > 
DMPAPERS,NLS;3, > 
FuRMALDEFINITION. NLS;10, > 
JAC 3.NLS;16, > 
JAC 3.NLS;15, > 
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CORNISH, MESSAGE.TXT,* 1 , > 
CORNISH, MOTIVATION.NLS;5, > I Being Modified By CORNISH (JAC3) 1 
CORNISH, MOTIVATION.NLS,*4, > 
CORNISH, NENRE.TRIEVE.NLS; 78 , > I Being Modified By CORNISH IJAC3) 

CORNISH, 
CORNISH, 
CORN xSH, 
CORNISH, 
CORNISH, 
CORNISH, 
CORNISH, 
CORNISH, 
CORNISH, 
CORNISH, 
CORNISH, 
CORNISH, 

CJAC3J J 
< CORNISH, 
< CORNISH, 
< CORNISH, 
< CORNISH, 

Cnlsfiles) 
(groups J 

Define Form 
Define Form 
Define Form 
<C AX " NXC A 

(loops J 
Define Form 
OwXCAX-N 

NEWRETRIEVE.NLS;7 7, > 
NEWRETRIEVE.CML;54, > 
NEWRETRIEVE.SUBSIS;117, > 
UoJEC ILANGUAGE.NLS;3, > 
PLINX.NLS;2, > I Being Modified By CORNISH (JAC 3 J j 
PLINX.NLS;1, > 
PRIMITIVES.NLS;5, > I Being Modified BY CORNISH (JAC3) j 
RULES.NLS,*4, > [ Being Modified By CGRNiSH (JAC 3) J 
RULES.NLS;3, > 
RULES,SUbSiS;5, > 
RULES.CML,*2, > 
RULESDEfINIX10N.NLS;1, > I being Modified By CORNlSh 

TEST.NLS;10, > L Being Modified By CORNISH (oAC3) J 
TEST.NLS;9, > 
TESTCOBOL.NLS;1, > 
< * V> ] ARCHIVE-DIR. EC TORY L . ; 1 , > 

£ronl<CA> Group <*N>.h<CA><CA> 
bacK<CA> Group <*N>. t<CAXCA> 
switcn<CA> Follow Name back.<CA> Name fiont<CA> 

roundaPout<CA> Loop Branch <"lo<CA> Statement 
><CA> 
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. Introduction . YBS=1; 
inis document discusses tne design of a particular information 
retrieval system. HELP. The requirements of HELP are a suDset of the 
qenerai information-retrieval and data-base-manaqement situation, 
inis document is in a format which satisfies hELP's needs. it both 
presents a new formulation of HELP, to replace tne existinq one, and 
provides a concrete example of the issues to be dealt with in 
desiqninq information retrieval systems. 
The philosophy of this new HELP is to use a simplified subset of 
existinq MLS. The features in this subset are explained in 
information retrieval terms to make them accessible to the HELP user 
without reauinno him to know NLS. For example, a concept called 
"views" is mtroaucea, which NLS users will recoanize as simplified 
viewspecs. The HELP features are implemented usinq available nLS 
code, since in reality thev alreaav exist in NLS. 
Note: the numbers here (e.q. xa) are used to indicate which 
statements are "titles" and which "paragraphs" (explained below); the 
numbers would not appear in actual text. 

. Requirements for HELP ,YBS=l;.PBS; 
2a. Qnline/uffline 

Tne same document is to be used for both online interroqation and 
offline pnntinq. 
2al. Online 

For online use, the document is divided into conceptual cnunks 
whicn the user can retrieve and display. These chunks may be 
of anv size. Most HELP documents will orqanize their chunks in 
some sort of nierarchy pecause ot the hierarchical nature of 
commands. For example, if the user types "insert statement" 
and tnen hits the HELP button, tne retrieval system will take 
him to the sub-chunk "statement" under the chunk "insert". 
Other documents will be more linearly structured. 

2a2. Offline 
For offline use, the document is to be capable of beino printed 
meaninqfuilv ov an algorithm. This might be the Output 
Processor, or it roiqht be some otner subsystem. In anv case, 
no human editing is to be required to qet a readable hardcopy. 
The document should be linearly coherent and cleariv organized, 
so tnat it users onlv look at the hardcopy, tney win still 
nave a useful reference document. 
it is also reasonable to expect that the document will qet 
"Output Quickerinted" during its lifetime, so it ought to be a 
pretty standard NLS file (or files). 
Since most people are more familiar with hardcopy documents 
than with online ones, each document should prooaoly be written 
first in offline form, as if it were to be printed. It can 
later oe modified to make it more useful online, in the ways 
outlined in the next section. 

2b. Skilled NLS users 
Skilled NLS users are to be able to examine and move around in 

^ online documents in all the flexible NLS wavs developed during the 
past ten years. Tne aeneral principle is: the more you know, the 
more you can do. 
In particular, the standard NLS sequence and portrayal qenerators 
are to be used, rather than speciai-purpose ones. 

2c. Novice and non-NLS users 
Users unfamiliar with NLS, and tnose from whom we want to hide 
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NL3. will have a simple Cminded) set of commands, as is currently 
done witn HELP and the NlC's QUERY. 

2d. upenina documents 
There are to oe several ways to specify which documents to search. 
A good metaphor is a Horary of books: to look up something, a 
reader selects a cook from the Horary and opens it to a certain 
page. 
2dl. The HELP button 

The HELP button provides a specific initial entry into a 
document, it "opens a cook" at a designated place. For 
example, if the user partially enters a command and then hits 
trie HELP button, HC-LP will show nim tne entry aeaiing with that 
command in tne relevant documentation file. 

2d2. Other entrv 
The user may explicitly specify a term to retrive and/or a 
document to search. If he aoes not specify a document, an 
algorithm computes a aefault document. For example, tne 
current NSW HELP computes a tool HELP file from the tool name. 
Once a document is open, subsequent terms are retrieved from 
tnat document. This amounts to turning pages in a book once 
vou nave selected it from the library. 
If a term is not found in a document, links may be included in 
the oocument namina other documents to search. This amounts to 
looking in a cook's bibiioqraphy, selecting other books from 
tne liorarv. ana searcninq them. 

2e. Viewina documents 
Since logical structure does not necessarily follow physical 
structure in a file, hELP is to proviae loqical ways to view a 
document. Examples are presented beiow. 

2f. Multi-file documents 
Retrieval reauests across file boundaries are to oe permittea. As 
mentioned above, documents may contain links to other documents, 
which mav contain iinks to other documents, etc., forming a 
network. it is a network rather than a tree because document "A" 
may contain a link to document "B" which mav contain a link back 
(eventually) to oocument "A". HELP will take precautions to avoid 
loops. 

2q. Use existinq HELP documents 
Since so much effort has gone into the CORE. BASE and several 
smaller HELP files, thev are to be used "as is", with at most some 
automatic conversion by an algorithm. However, these files are 
not in hardcopy form. 

2h. Use existing NIC documents 
Since a large number of NIC files exist which are of qeneral 
interest to the user community, thev are to be accessed bv HELP. 
These files are already in gooa offline form, and require little 
conversion to online form. 
The principle requirement is that links to NIC documents be placed 
in an index accessiole to the retrieval system, such as LOCATOR. 

2i. Use existinq hardcopy documents 
A large number of hardcopy-format documents exist. This number 
will grow as ARC people continue to produce documentation --
mostly in hardcopy form -- and a NSW tool ouilaers oeqin 
furnishing their tools. These documents are to oe accessea "as 
is", or perhaps with automatic conversion bv an alqorithm. 
Again, the principle requirement is that links to these documents 
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be Placed in an accessible index, sucn as LOCATOR. All tne 
documents already in LOCATOR are also to be accessed oy HELP. 

21. Stepwise refinement ot offline documents 
when accessina a document desianea for offline use, HELP cannot do 
oetter tnan NLS, since it knows notninq about the content of the 
document, however, RITLP is to have tlie property that the more 
online-type information one adds to a document, the more fiexibly 
it can oe viewea and accessed. with this approach, limited 
retrieval on anv hardcopy document can be achieved immediately; 
more advanced retrieval can be obtained in proportion to the 
number of features aaaed. 
If one designates certain statements as being "titles" (see 
below), tnen an outline view can be generated showinq onlv the 
titles in the document, to anv specified level. Also it titles 
are namea statements, name searches can be done, which are much 
faster than content searches. 

3. Document Organization ,¥BS=1;.PBS; 
To satisfy the requirement that every document ue usable Doth for 
hardcopy and online reference, documents must be linearly organized 
(i.e. readable from front to back in a coherent fashion) and also 
divided into manaqabie "chunks" which can be printed online. NLS 
qives us a good handle on this, since documents are already divided 
into statements ana branches. Thus we have a start toward solving 
the problem of online access of existing naracopv documents. The 
foliowma model of a document further enhances the online 
capabilities. 
A document consists of two types of statements; "titles" and 
"paragraphs". Titles are distinguishea from paragraphs by some 
means, e.g. by making them named statements oi by giving them a 
property. The title/paraqraph distinction enables the system to 
display a document's LOGICAL structure (it titles), in addition to 
its physical NLS structure. 
The assumption is tnat documents contain a set of concepts (the 
titles) which can be retrieved and a set of statements (the 
paragraphs) which explain those concepts. The two sets are not 
necessarily disioint. 
3a. Titles 

Titles are ordinary NLS statements, usually no more than one line 
long. They form the conceptual organization of documents. Every 
title may nave paragraphs associated with it, forming an NLS 
Dranch. A title branch completely explains one topic. 
A title is the smallest unit HELP will retrieve. 

3b. Paragraphs 
Paragraphs are also ordinary NLS statements, possibly havinq 
suo-statements. Tney are ot arbitrary lenqth, and there may be 
aroitrarily many ot them -- whatever is necessary to explain the 
title. 
Paragraphs are introduced because the old HELP/QLERT menus are too 
restrictive. They disable NLS viewspecs and Jump commands. They 
limit to one (1) the number ot ways documents can be viewea -- a 
statement followed by a numbered menu of one-line statements --
which nas been tne source ot dissatisfaction. Removing the menu 
constraint permits a more flexible style of reading and writing. 

4. Accessing Mechanism ,TBS=1;.PBS; 
4a. views 

HELP will provide three logical "views" ot a document. These are 
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implemented usinq NLS viewspecs and/or content analyzer filters. 
Since tnese "vie*s" use standard NLS portrayal features, they may 
be manipulated iixe any NLS structure. For example, a view of a 
document may be printed on a teletype, output to a line printer, 
copied to a fiie, buqaeo on a display, etc. 
4ai. Outline view 

Snow lust the titles, to a level specified, lhis view replaces 
the old HELP/QUERi menus, it presents the conceptual 
orqanization of a document, enabling the user to find out WHAT 
to ask about. It is implemented using a content analyzer 
filter and the viewspecs "ebtO". 
Link takino 

If the user asks to see a specific statement in an outline 
view, and the statement contains a link, then the link will 
be TAKEN and the CONTENTS of the link will be shown. This 
automatic link-taking feature is an extra facility provided 
by HELP. 

4a2. Full view 
Show a complete topic: a title and all of the paragraphs under 
the title, i.e. an NLS branch. It is implemented usinq 
viewspecs "wqQ". This is tne viewing mooe into which tne user 
is put if he types the HELP button while he is in the middle of 
a command. 

4a3. Short view 
lhis snows all the lines in the statement the user is currently 
at, plus one line of eacn statement one level down -- the 
current HELP view, it is implemented using a new NLS viewspec. 

4b. Retrieving views 
4bl. Retrieval by title 

Show part of a document in an outline view, in otner words, 
the titles themselves are the information retrieved, if the 
document does not have titles, then this retrieval cannot be 
done. 

402. Retrieval by content, baseo on NAME lookup 
A topic mav oe associativelv retrieved bv specifying its NLS 
NAME, inis is the way HELP/OUtRi currently work. It is also 
tne way the Jump (to) Name command works. The reason for 
iimiting content searches to name lookups is efficiency; it NLS 
ever implements other fast searches, tnen htLP can use them as 
well. 
Therefore all titles should be named with the strinq which will 
oe usea to retrieve them. For example, the title dealing with 
"insert statement" should have the name "statement" ana occur 
under a title named "insert". (We could use multi-word names 
if NLS implemented them.) 
if tne statements in a document are not named, as is tne case 
with some hardcopy documents, tnen the search can still be done 
on the content of statements, rather than on their names. 
However, addina a feature to a document -- names and/or titles 
-- increases the accessing capabilities of tne document. 

4bJ. Retrieval bv address 
A title can be retrieved by pointing to it or addressing it. 
HELP'S convention is that it an outline view is being shown 
when a title is addressed or bugqed, tnen that title will oe 
snown in a full view. This is similar to displavinq a document 
under viewspec "x" in NLS, then jumping to a statement with 
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viewspec "w" or "wa" on. in fact, tnat can also be done. 
4D4 . Next view 

A "Next" cutton will show tne next view of any kma -- i.e. a 
ioaicai scroii. Thus a harocopy document mav be read "as is" 
by iettino HELP open it, using the "full view", ana stepping 
throuan it with the Next button. Or the titles in a document 
could be displayed ana, if tney don't all fit on the screen, 
the Next button used to see the rest. The same with class 
views. 
This is similar to NLS's dump (to) Next with viewspec "i" on. 

4c. User interface 
TYPEIN / BUG 

User TYPEIN or BUGs will be looked UP without reauirina a 
command word. 
it in outline mode when a BUG or menu number is aiven. HELP 
will snow the designated topic in full view mode. If a word 
rather than a menu numoer is typed, HELP will look UP the wora 
without cnanqing view modes. 
The same applies to full view mode, with the exception that 
BUGs are interpreted as designating words rather than titles, 
and the word is looked up just as it it had beer, typed. 

<SP> Outline l CONFIRM / TYPElh ) 
Sets the viewing mode to "outline". if some TYPEIN is given, 
HELP goes to tne word or address qiven. Otherwise, the user is 
left at the same place in the document. 

<SP> Full ( CONFIRM / TYPEIN ) 
Sets tne viewing mode to "full". If some TYPEIN is given, HELP 
goes to the word or address aiven. Otherwise, the user is left 
at the same piace in the document. 

<SP> Short ( CONFIRM / TYPEIN ) 
Sets the viewing mode to "snort". If some TYPEIN is given, 
HELP goes to the word or address given. Otherwise, the user is 
left at the same place in the document. 

< S P > Next <" vie w"> 
Prints the next view in the current viewing mode. This lets 
the user step through a document. It the full view is on, ne 
can read an entire oocument using just this command. 

<SP> Last <"view"> 
Prints the last view shown. May have to restore the viewinq 
mode. The previous views are kept in a rinq, as with NLB's 
Jump commana. 

<SP> Higher <"view"> 
Prints tne "up" of the current topic in the current viewing 
mode. This lets tne user see the context surrounding a topic, 
particularly if he is in outline mode. 
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|l'his document describe tne techniques usea to generate tv pictures 
from a digital computer. Anyone will oe abie to read and appreciate 
the intormation discussed; however, this is a very technical paper 
ana may not be ot interest to many. Also it is aoout i1 pages ano 
there are b pages ot drawings which have not been journalised, but 
can be obtained trom the author. 
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}v 1DEQ GENERATION TECHNIQUES TOR 'THE NLS WORKSTATION 

INTRODUCTION 

Viaeo Has captured toe imagination o£ most computer display 
designers, why is this? 

first, video displays are low cost. Complex parts such as the 
CRT itself, which would De prohiDitively expensive to produce 
in small quantities, are cheap and plentiful because of trie 
impact of broadcast tv. Moreover, the technology is well 
worked out, standards have be adopted, and many manufactures 
compete in an open market. while the home tv has relatively 
low picture quality, broadcast studios and trie closed circuit 
tv market has produced a demand for very high quality tv 
equipment at reasonable cost. 

decono, tne video waveform is attractive tor several reasons: 

ij The image is cooed in a standardized way. 

2j Tnis code provides tor the creation of an image from a 
single stream of data on a single wire. No complex 
interface is required between the source of the video signal 
and tne tv monitor. Part of tne intelligence needed to 

k describe the picture is contained in the monitor itseif. 
' The video production system need not concern itself with tne 

mechanism need to trace out the picture, it need only 
provide the codec information. 

Ail the information to construct the picture is contained 
in the low energy video channel. Random or calligraphic 
displays distribute tne information into 2 high energy 
position channels and a low energy intensity channel, 
viceo on tne ocher hand uses two positioning channels 
which operate at fixed frequencies so tnat the oriving 
circuitry can oe optimized to minimumize the complexity 
and power requirements. 

3) The code provides tor the creation of not only line 
drawings but also pictures containing grey levels or color, 
in its simplest form, computer generated viueo need only 
contain a binary level - on or off; but if necessary, the 
computer video generator can produce grey levels and color. 

4) Although there is no logical information in the video 
signal, the waveform is rich in spatial information. This 
information can be used to mix vioeo waveform from several 
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sources Into a single viaeo output to provide spiit screen 
ana overlay characteristics. Ia3d 

o) The bandwidth of the source and the monitor will control 
the density of information displayed to tne user. The 
information will be displayed without flicker or drift, laie 

Third, viaeo technology is based on memory. No matter whicn of 
the several video production techniques are usea, the designer 
must find relatively large quantities of memory. Video is 
tnrivmg today because memory cost is dropping dramatically, 
memory speed is increasing, memory density is increasing, ana 
the power consumption is dropping. In short, the vital element 
needed for video production is becoming the simplest and 
cheapest part of the system. ia4 

Fourth, related technologes are advancing. lab 

ij The creation of the data structures neeaea to convert 
pictures described as computer basea data structures (.both 
lines and surfaces) is relatively well understood. The 
process of scan conversion requires considerable processor 
speea, but here again, the speed of processors is increasing 
while the price arops. laba 

D Electrostatic printer/plotters are both fast and 
reliable. And the price is quite reasonable. Mechanical 
plotters are obsolete foi the production of working drawings 
ana documentation. (Large mechanical plotters are still 
required for tne production of circuit masks and so on; 
however, these machines should be considered as numerically 
controlled tools - not computer peripherials .) The 
technology neeaea to arive the electrostatic printer is 
identical to that needed tor the production of video. labb 

ij The use and storage of pictures, that is photographs, is 
increasing ana the technology tor the encoding of these 
images relates closely to the problems of viaeo production. 
Moreover, the analog storage of pictorial images on viaeo 
tape and microfilm is possible and its use will grow. The 
video monitor included in the workstation can be used 
directly to view these images because the input waveform is 
the same tor both sources. Optical Character Recognition 
(OCR) is just beginning to capture and create, markets ana 
technology for the input of all sorts of printed matter, 
pictures and drawings. As you may have guessed, the 
scanners used to capture the data for OCR produce data 
structures which, in their raw form, are completely 
compatible with viaeo production. labc 

1 
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As you can see, computer generated vroeo nas many advantages. 
in tact no, tecnnology available today provides the flexibility 
and ettectiveness ot viaeo. in the sections below, we shaii 
look in detail into the problem and processes ot video. lab 

CONSIDERATIONS tOR VIDEO 

VIDEO STANDARDS 

In this section we shall look at the time critical nature ot 
video production. Three E1A standards apply to the video 
waveform: Ibla 

1) KS-170, Electrical Performance Standards tor 
Monochrome Television Studio Facilities, (.figure i) Ibial 

2) RS-330, Electrical Performance standards tor Closed 
Circuit Television Camera 525/bO interlaced 2:1. (figure 
i i) lbla2 

3) RS-343, Electrical Pertormance Stanoaros tor High 
Resolution Monochrome Closed Circuit Television Camera. 
(figure iii) Ibiai 

These standards set the refresh rate to bO per second. Once 
set in motion, tne vioeo waveform must be maintained with 
relentless precision. lblb 

ORGANIZATION OF THE VIDEO WAVEFORM lo2 

in order to create the video waveform, tne picture is 
converted into a series of horizontal strips, starting at 
the top and continuing to the bottom ot tne screen. These 
strips, calleo horizontal scan lines, are made by measuring 
the whiteness of the picture at each point from left to 
rignt. Since the strip is determined by scanning 
sequentially from ieft to right, the horizontal displacement 
(x dimension) is representeo by the time from the beginning 
of tne scan line. In the same way, the vertical dimension 
is determined by the time from tne beginning ot tne first 
scan line. Ib2a 

The complete picture could De represented by the norizontal 
scan lines taken one right after the other; however, it is 
not. The picture is scanned in two passes calleo fields, 
ihe even numbered scan lines (0, 2, 4, b, ...) are placed in 
tne first field; and the odo numbered scan lines (1,3,5,/, 
...) are placed in the second. Together tne first and 

2 
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secona fieia are called a frame. The fields are said to be 
"interlaced 2:1." Ib2b 

Since each field must be completed in 1/oU th of a second, 
ana two fields comprise a frame, the complete picture is 
repainted JO times a second. This is comfortably above the 
threshold for persistence of vision so that the viewer does 
not perceive any flicker. lb2c 

Eacn horizontal scan line is separated from the next by a 
pulse called tne horizontal sync. The diagram below shows 
the nonzontai sync puises separating the viaeo (intensity) 
information, AS the diagram shows, the video signal starts 
just above 0 volts with black, continues with successively 
lighter snades of grey, ana ends with white at the highest 
level. Near tne horizontal sync pulse, the signal revei 
drops oelow olack (called blacker than black) to a level 
which insures that no image is produced. The process of 
suppressing the video signal is called blanking. The actual 
horizontal pulse is located slightly off center of the 
horizontal blanking pulse and is negative going. lb2o 

The horizontal sync pulse resynchroruzes tne horizontal 
oscillator in tne tv monitor so that eacn of tne scan lines 
starts at the same point on the monitor screen, in addition 
to resynchronizmg the horizontal oscillator, the horizontal 
blanking period allows the beam to retrace back to the left 
side of tne screen before it launches off for the next scan 
line of tne field. ib2e 

The horizontal oscillator is used to deflect tne CRT beam 
horizontally from left to right in a consistent linear way 
tnen snap tne beam back to the left during the horizontal 
blanking period. The vertical oscillator performs the same 
function for the vertical axis but at a much slower rate. 
The video waveform provides a sync pulse similar to the 
horizontal one to resyncnronize the vertical oscillator of 
tne tv monitor. Retracing the beam from tne bottom right of 
the screen to the top left takes about 1.25 milliseconds. 
horizontal scan lines which would ordinarily tail into this 
time period are lost. Ib2f 

Interlace is accomplished by delaying the start of the 
secona field. This phase change is accomplished by 
continuing tne horizontal sync pulses during tne vertical 
sync period. These pulses are called serrations. Near the 
middle of the vertical period tne horizontal sync pulse 
train is shifted by one halt of a horizontal time period. 
The vertical oscillator has remained constant, but the video 
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information is delayed by one Half peiiod. The vertical 
oscillator causes the beam to move down the face of the CRT 
oy two scan lines for each horizontal period. As a result, 
the beam of tne tv monitor will be lower on the crt by 
exactly one scan line, tor this field the scan lines will 
oe between those of the preceding field. On completion of 
the second field the oeiay is removed ana tne process is 
repeated. ib2g 

PERFORMANCE REQUIREMENTS LDI 

Most video waveforms are produced by image tubes in tv 
cameras, the vidicons ana image orthocons used in these 
devices are essentially analog devices, ine precision of 
tne deflection circuitry of the camera and the bandwidth of 
tne video amplifiers determines the maximum resolution and 
image quality of tne viaeo system. For digitally produced 
video, trie speed of the digital hardware determines tne 
resolution ot the video produced. Ib3a 

Broadcast television uses 525 lines with a 2:1 interlace. 
Closed circuit systems may use higher scan rates. In the 
table oelow the number of scan lines actually available for 
image use and the time available for the production ot viaeo 
is given for several common systems. (.us =• microsecondsj lb3o 

lime Per Video 
Line Horlzontal Time Fer Lines 
Rate Scan Line Scan Line Available 

—- - - - ........ ......... 
520 53.5 US 53.0 US 48 7 
b / 5 49.4 US 42.8 US b25 

7 29 45.7 us 39.1 us 675 

875 38.1 us 31.5 us 811 

945 35.3 us 28.7 us 875 

1 U2 3 32.6 us 2b.0 us 947 

1200 27.8 us 21.2 US 1112 lbiol 

For example, if an 875 line system is to oe used for the 
computer production of viaeo, then a scan line must be 
produced every 38.1 microseconds. The time available for 
video on the scan lines will be tne nonzontal time minus 
tne horizontal blanking time in this case 31.5 microseconds. 
Because some scan lines are lost during tne vertical retrace 
only 811 scan lines may be used tor the production of an 
image. io3c 

The amount of data transmitted on each horizontal scan line 
is not completely independent of the number of lines in the 
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system. l'he aspect ratio (height/width) ior television is 
3:4, that is the screen is wider than it is deep, in order 
tor the image to be linear (undistorted) the number ot 
points on a scan line must be 4/3 ot the number ot 
horizontal scan lines. The table below contains the bit 
width ano the time per bit tor the systems listed above. 
The Approximate bandwidth indicates the minimum bandwidth ot 
the tv monitor neeoeo to reproduce a picture with every 
other point on. ib3o 

Line Number of Time per Approximate 
Rate Points bit bandwidth 
.... ......... ..... .... ........... 
525 700 7 5.7 ns b.b MHZ 
b 7 5 900 47.5 ns 10.5 MHZ 
729 9/5 40.3 ns 12.4 MHZ 
875 1167 27.0 ns 18.5 MHZ 
945 1260 22.8 ns 22.0 MHZ 

1023 1364 19.0 ns 2c.2 MHZ 
1200 1600 13.2 ns 37.8 MHZ 

in the 875 line example, there would be lib? points on each 
scan line. The production system must piace a bit on tne 
scan line every 27 nanoseconds (ten to the minus 9tn) ano 
the tv monitor must have a bandwidth in excess of 18.5 MHz. 
(million cycies per second) 

SUMMARY 

The production ot video by digital hardware is constrained 
by the figures given in this section. Conceptually the 
production of video is very straightforward. The image must 
oe coded in some way and stored into a memory which will be 
used to refresh the monitor b0 times a second - the refresh 
memory, in addition, tne data must be extracted from tne 
refresh memory and converted into the video signal at a rate 
nigh enough to meet tne the requirements set out in this 
section. Finally the unit must produce synchronizing 
signals (or accept them) to control the horizontal 
oscillator and the vertical oscillator of tne monitor and to 
iceep the video generation hardware in step with these 
signals, in the sections below the various production 
techniques are discussed. 

FONT POSTING 

INTRODUCTION 

Font posting is the most common form ot digital video 
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production, in this technique, the characters to oe 
displayed are stored in the refresh memory, lo refresh the 
monitor each character is taken from the refresh memory and 
the value is used to address another memory which contains 
tne bit pattern tor each row of the character. This "font 
memory", ano the system which looks up the font definition 
from the font memory and places the Pits into the video 
output, is caiieo a character generator. 

FONTS 

ine figure oeiow shows the essentiai features of tne fonts 
stored in this type of system. Horizontal Pit positions are 
called rows and represent slices through the character. 
Each element of the row is called a pit and corresponds to 
tire value of the video signal Con or oft) for this 
particular position in the character matrix. 

I W O  items deserve special mention: base iine, and descender. 
The oase line is an arbitrary line designated by the font 
designer and represents the iine upon which the capitol 
letters sit. Descenders are the parts of the character 
which lie below the base line, in system with both upper 
and lower case characters, aescenuers are needed to enhance 
tne readability of the image. 

Character sets are defined on a matrix wmcn is a table of 
bits designated as width by neignt, tor example, 5 X 7 is 
very common. Fonts are posted on the oispiay in an envelope 
around the character which allows tor the inter-cnaracter 
ana inter-line spacing. For many systems the 5X7 fonts 
are postea in 7 X lu envelope, in general the bigger the 
character definition, the more readable are the characters. 

CHARACTER GENERATOR AND FONT MEMORY 

ihe organization of the character generator is shown below, 
basically the device is just a memory whose wiath is 
determined oy the font definition and wnose size is the 
numoer of rows per cnaracter times the number of characters 
supportea. The font memory tor a 5 x 7 character set 
containing 9b characters will be 7 x 9b - b72 X 5 (.bits 
wide.) = 3350 bits. 

Font memory may be constructed of read only memory (ROM), 
programmable reaa oniy memory (PROM), or random access 
memory (RAM). 

Icia 

1 C 2 

1 c2a 

ic2b 

ic2c 

lc 3 

ic3a 

lc3b 

ROM's are cheap, fast, large and unalterable font 
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memories. ROMs or loK bits are available today at 
relatively low cost. Character ROM chips sucn as the 
Motorola MCMb571 contains the detirution ol 128 
characters Cascli plus lov»er case Greek, syuibois) on a 7 X 
9 dot matrix with provision lor the production ol snifted 
descenders (pseudo 7 A lb 
definitions J. This chip contains 8192 bits, has a cycle 
time ol less than bOO nanoseconds, and costs less than 
$12 in single quantity. 

Most ROMs like tnese are mask programmable, that is 
the user can provide the manuiacturer with the bit 
pattern required. There is a one time cnarge tor the 
mask layout (about SbOO) and a requirement that the 
customer purchase a relatively large quantity (100 
units j. 

Currently there are two kinds oi PROM memories -
reprogrammable and Held programmable. lielo 
programmable PROMs are permanently programmed oy blowing 
a microtuse associated witn each bit ol the memory. Once 
programmed, these devices cannot be changed. 
Reprogrammable devices can be programmed in much the same 
way as the field programmable units; nowever, a exposure 
to a strong dose ol ultraviolet light will reset the 
device to the original state, field programmable units 
are available to about 8K bits with speeds below bO 
nanoseconds. New reprogrammable units contain 8K bits, 
nave a cycle Lime ol about bOO nanoseconds, and cost 
about $100. 

semiconductor RAM memory is currently toe locus ol a 
great deal ol excitement. The greatest attention has be 
given to MOS (metal oxide semiconductor) especially 
N-channel. Thougn the technology varies there are two 
general classes - static and dynamic. 

Static RAM can be written and read at any rate up to 
tne maximum cycle time ol tne device while dynamic RAM 
must ce "refreshed" at some minimum rate to insure 
that the information (which is storeo as a charge in a 
tiny capacitor) is not lost. Static RAM is very easy 
to use but is slightly more expensive in iarge 
systems. Dynamic RAM, because ol its simpler internal 
structure, is available in relatively high densities 
(bits per chip). A 4K dynamic RAM with a 4b0 
nanosecond cycle time is iess than $20 today and loK 
dynamic RAMs will available in 197b. Tne current cost 
is aoout u.b cent per bit or iess for small memories 

lcibl 

Iciola 

Icib2 

lc3bi 
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and mentories of 250,000 bits cost about 1 cent per bit 
inciuding necessary interface iogic. icibia 

font memories, ouiit from RAM, nave no initrai state so a 
display constructed with writable font store must nave the 
ability to initialize the font memory from its own permanent 
memory or form its host computer. 

The cost of a HAM based font memory can be estimated, 
suppose a system is to contain a writable font store of 12b 
characters constructed to include descenders on a 7 X 16 
matrix. If the font is implemented with inter 2102A static 
HAMs (1024 by 1 bit! then 12/ X 16 = 2048 rows of 7 oits are 
required. Since the memory is 7 oits wide tnen 7 X 2 = 14 
(1024 oits per chip) chips are required. The 2102A costs 
$470 per 100 which yields St>5.80 for a computer writable 460 
nanosecond character generator. 

(The cost of the 2102A dropped 100% in 1975 ana the new 
16K RAM is expected to cost $10 by 197/ or 1978.) 

REFRESH MEMORY 

The CRT screen is organized as shown below as a matrix of m 
columns by n lines of characters. In order to strip the 
oits rrom the font memory for the each line, each character 
must be given to the character generator in order and the 
sequence repeated until the number of rows per character is 
exhaus ted. 

The refresh memory contains several Kinds of information. 

1) Ihe character code value, for reasonaple systems 
this will be the 7 bit Ascii character code with the 
control characters mappea into special characters. 
(These symbols are called "Pi" characters.) 

2 )  A number of bits from none to several to select the 
font if more than on font mtemory is available, for 
example a single bit might be used to point either a 
fixed ROM character generator and a single oanK of 
writable font memory. 

3) A few bits controlling special raarKing functions such 
as underlining or reverse video. 

For example, a refresh memory with reverse video, 
underlining, two fonts, and a 7 bit character code will need 
to be 10 bits wioe. 

Ic3c 

lc3d 

lc3dl 

lc4 

1 c4a 

ic4b 

lc4bl 

ic4b2 

Ic4b3 

lc4c 
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Inere are at least two approaches tor the organization ot 
the refresh memory, first, the traditional scheme is called 
M oy N and uses two recirculating shitt registers to hold 
the character data. The M register is tne larger ana 
slower ot the two. To create the viaeo, a line ot 
cnaracters is placed into the N memory which is smaller ana 
taster. Tne N memory is cycled enough times to paint all 
tne rows required for the font. The M by N scheme is 
relatively cheap ana flexible and is found in most 
commercial units. The major orawbacx. is that a specific 
character cannot be written ranaomly into the M memory, but 
must wait until the character position passes through the 
one character window provided by tnis sort ot memory 
arrangement. Ic4a 

Second, a true random access memory can be usea to represent 
each matrix iocation of the screen. In tnis form the cycle 
time of the memory must be as fast as the character time 
required for output; however, any character can be written 
at random and the refresh memory can be manipulated at very 
nigh speed by the terminal computer. Ic4e 

At present, random access memory is not particularly more 
expensive than shift registers, and the tiexiDility of the 
random approach will be explored here, A good description 
of the M by N system can be found in National Semiconductor 
Application Note AN-40, "The Systems Approach to Character 
Generators", June 1970. Ic4f 

PERFORMANCE REQUIREMENTS 1C5 

in font posting the number ot characters per line, the 
number ot columns, is the controlling parameter which 
controls the speea of the character generator and the 
refresh memory. The table below shows the number of 
nanoseconds available for each character ot a 80 character 
line for the systems under consideration; lcba 

Line Nanoseconds 
Rate per Character 

625 t>62 ns 
675 535 ns 
/29 4b9 ns 
875 394 ns 
945 358 ns 

1023 325 ns 
1200 265 ns ic5al 
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both refresh ana font memory speed are determined oy tne 
figures given in the taoie above, tor example, in the 87b 
line system the font memory must cycie in less than 394 
nanoseconds, ihe refresh memory must make a character value 
available to the character generator in the same time 
period. (The presentation of the character value may be 
overlapped with the access of a row of bits from the font 
memory by delaying the transmission of a character oy one 
character time.J icbb 

Suppose we wish to build a b4 line aisplay with 80 
characters per row. if the envelope is selected as 10 X 13 
Ctne usual size for a 7 X 9 character), then 64 X 13 = 832 
scan line are required, from the tables above we fina that 
a 94b line system will be needed. Horizontally, 10 x 80 = 
800 points are required and the 945 line system provides 
i2b0. Ihe font memory must be able to proauce a row every 
228 nanoseconds ta bit slower if the characters are allowed 
to be a bit wider than they are tail), such a system could 
oe built today by using ROMs for the font memory and nigh 
speed RAM CMOS RAMs below 200 nanoseconas are available for 
aoout 2 or 3 times the price of slower units discussed 
above! tor the refresh memory, by portraying 80 X 64 = o!20 
characters, this system would represent about the limit of 
the current state of tne art. The cost of the memory and 
related hardware would be about $2000 for the heart of the 
unit. 

SfSTEM dLOCK DIAGRAM 

The figure oelow shows the design of a font posting video 
generator. Trie system is aesigned with a single static 
tont. The refresh memory is constructed from RAM and the 
oasic elements of tne computer interface are shown. 

bii MAPS 

INTRODUCTION 

Although font posting is the most common technique, bit 
mapping is tne simplest. The image to be portrayed is 
represented as a large matrix of bits which are taken from 
the refresh memory and sent to the tv monitor. raia 

The simplest form of the bit map uses only one bit per 
Picture element (pixel). The number of points per screen is 
a measure of the image quality, for reference, the table 
oeiow snows the number or bits required to store bit maps of 
several sizes. lalb 

1 c5c 

1C 6 

lc6a 

Id 

lal 
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Size 
width X height 

128 X 128 
25b X 25o 
512 X 512 

1U23 X 1024 

Number 
of bits 

lb , 384 
b5 ,53b 

252,144 
1 ,048 ,5 7b lalbi 

The number of bits rises as the product ot height times 
width, until recently, the cost o£ memory made the use of 
oit maps too costly, NOW, the cost or a million bits o£ 
memory is less than $10,000 ana a 5iz, by 512 memory matrix 
is well less than $2,000. Idle 

by using more than a single bit tor each screen point, color 
and grey scale can be producea. ldld 

PERFORMANCE REQUIREMENTS ld^ 

For the systems detailed above, the time per bit is less 
tnan the cycle time ot ail but the tastest memories; 
however, this is not a problem. The refresh memory (that is 
the bit map) is organized to deliver several bits in 
parallel to a nigh speed shift register to produce the 
serial stream of bits. Id2a 

For example in the 525 line system 487 lines are available 
and a bit map of 512 by 487 bits can be portrayed. Each bit 
must oe delivered to tne video amplifier in 75.7 
nanoseconds; however, if the refresh memory is organized as 
ibK words ot lb bits, then 16 bits are obtained in each 
memory cycle. ro find the minimum cycle time ot the refresh 
memory we multiply 75.7 x lb = 1211.2 nanoseconds are 
available. Most semiconductor memory has a cycle time less 
than iOOu nanoseconds. Id2b 

SOFTWARE REQUIREMENTS FOR BIT MAPS id3 

lhe software to control the bit map cannot be overlooked 
without the risk ot a system design ot relatively poor 
performance. There are two basic problem areas: ldda 

1) font posting must be performed by software. id3al 

2) Since the bit map provides the ability to portray 
line drawings, the conversion of the lines into a bitwise 
representations must be considered. Id3a2 

The access ot the terminal computer to the bit map will 

1 1  
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determine the speed ot tne system. Systems have been 
implemented in which the bit map is on the same bus 
structure as the terminal computer. Tnis implementation nas 
two drawbacks, first, it the address space ot tne terminal 
computer is limited, then the bit map taK.es away from tlie 
tne area available to run program material. Second, the 
video generation equipment nas high priority access to the 
memory. As a result, a large percentage ot memory cycles are 
lost to the terminal computer. 

it tne bit map is not implemented as part ot the terminal 
computer then the unit must be aodresseo a an i/u device. 
This means that loading or reading will take place no taster 
than the maximum bus rate, uma (Uirect Memory Accessj can 
be used to update the display quickly; however, the bit map 
will be, in general, as large as or larger than the memory 
ot the terminal computer so the size ot trie cutter available 
will oe too small to be ot much use. Under program control 
tne speea ot 1/0 will be determined cy the minimum 
meamngtul program loop which can place oata on the output 
port, tor example, an Lsl-11 could do some kinds ot output 
using: 

MOV abutter,RO 
MOV n,Rl 

LOOP: MOV (RO)+,gldevice 
SOB HI,LOOP 

;start ot data to be sent 
;number ot woros to go out 
;output to bit map lb cits 
;continue tor n words 

1u3D 

1 die 

iaic 1 

inis loop takes about 12 microseconds tor each wore, it a 
512 X 512 Dit map was to written cy this technique 16,384 X 
12 = 190,608 microseconds or about .2 seconds are required. 
Of course, the only use ot a loop like this woula De to 
clear the screen (CLR ^device instead ot the MOV), by 
comparison the Tektronix storage tube requires 0.5 seconds 
to clear tne screen. 

if a butter contained the aata tor a line of text to oe 
written on the bit map the time would ce 32 (.words wiaej x 
10 (rows per character) X 12 (microseconds) = a.84 
milliseconds. Creating the buffer from incoming Ascii 
characters would take considerably more time; nowever, at 
9600 baud about 72 milliseconds would be available to 
convert a text line containing li characters. 

Moving a line ot text trom one line to another would require 
a read of 320 words trom the bit map followed by a write ot 
320 words at the new location. This will take about 7.68 
milliseconds. This rate seems stow; however, it is 
consistent with the speed of existing alphanumeric displays. 

lo3d 

1 d3e 
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(moving chunks of tne bit map arouna is a discussed in the 
section of refresh memory management.J ld3t 

Converting lines from an enapoint representation to a stream 
of bits is cailea scan conversion. The algorithm to fit a 
line from points in a bit map space was developed oy 
bresennam in i9b6 to control a mechanical plotter. (J. L. 
Bresenham, "Algorithm for Computer Control of a Digital 
Plotter", IBM system Journal, Vol. A, NO 1, 1965.) The 
algorithm is called a oigital differential analyzer (DDA) 
because it solves a difference equation which results in a 
best fit. Although the algorithm requires only addition, 
subtraction, and a sign test to operate, writing a random 
line into the bit map would require nearly 100 microseconds 
per point. A line across the screen would requiie 512 X 100 
= 61.2 milliseconds to complete. A single line could oe 
transmitted to the terminal in b Ascii characters (a 
milliseconds at 9b00 baud). Ia3g 

Unlike a storage tube, single lines can be deleted. 
However, tne so called point in common problem limits the 
use of this feature to some extent, if two lines cross they 
nave one or more points in common, if one line is erased, 
the common points cannot be detected so they are erased as 
well leaving a hole in the remaining line. ldih 

Although bit map software is more complex than font posting, 
the rewards are greater. Character size and style can be 
easily controlled. Linework, while slow, is possible; ana 
the direct use of linework graphics greatly enhances the 
flexibility of tne terminal display. ldii 

SiSTEM bbDCK DIAGRAM ia* 

The figure below shows the design ot a bit map generator for 
525 line applications. The simplicity of tne organization 
is striking. Id4a 

UTHER TECHNIQUES le 

INTRODUCTION lei 

There are several other techniques for the digital 
production of video. Font posting ana bit maps represent 
two ends of a spectrum which contains various methoas of 
image encoding. Font posting can use compact image coding 
because the class of pictures (that is printed pages) is 
limited, bit maps use the least compact form ot image 
encoding because the range of images is not limited. leia 
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from the point ot view ol information theory, the maximum 
amount ot information in a two dimensional picture is 
obtained when tne value of eacn point is chosen at random. 
if such a picture is aispiayed, tne result is a grey patch. 
Pictures which are meaningful to a human observer contain 
some order, and thus less intormation than the random 
picture, A S  a result the number ot bits neeaeo to represent 
tne picture is less than the bit map. in general, 
photographs contain the most information, line drawings much 
less, and finally text contains tne least pictorial 
information. The techniques described below employ various 
coding techniques to store ano display the image. ieio 

RUN CODING le2 

Run coding is a popular technique which works oecause the 
video data on a scan line usually ooes not vary at every 
point, usually there are large areas ot a single vioeo 
level, tor example, tne background is tne same snaoe ot 
grey and occupies much ot the surface area ot the image. 
instead ot cooing each point, as in tne bit map technique, 
runs of the same grey level are encooed as a value and the 
number of times to apply the value. Memory bandwidth can be 
a problem for those parts of the picture in which the value 
of tne video level ooes change rapidly, as is the case lor 
closely spaced vertical lines. Encoding information for a 
run code generator is more complex than for a bit map; 
nowever, the simplicity of the generator circuit and the 
compression ot the data may favor the use ot run coding. le2a 

A run code processor is described oy Ben Laws in "A 
gray-scale Graphic Processor using Run-length Encoding", 
Proceedings or the conference on Computer oraphics, pattern 
Recognition, and Data structure, May 14-ib, 1975. (XDOC 
#32489) 

FOURIER TRANSFORMATION lei 

Partly as a result of the work on broadcast television 
oandwioth compression, and partly as a result of the work on 
automatic image recognition; signal theory has been expanded 
to encompass two dimensional "signals". Ail tne work on 
filter theory, tourier domain, and so on nas be generalized 
to apply to pictures. This work will oe expected to have an 
impact on digital vioeo generation in the next decade; 
however, at tne present the techniques are directed toward 
image compression ano recognition. leia 

REAL TIME GENERATION OF L1NEW0RK Te4 
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nine work is best stored as endpomt coordinates. Not only 
does tnis representation provide the most compact form ot 
storage, enopoints provide the most logical way ot 
manipulating the iinework. Realtime Iinework generators 
seek to convert a data structure consisting ot enopoints 
into tne video waveform. leia 

Ihe algorithm useo to write into the bit map is implemented 
in very fast nardware to operate on "y sorted" vectors. As 
each new scan line is startea, tne hardware must tino all 
the lines which begin and eno at tnis y position. Exiting 
lines are removed trom the iinework generator. Lines are 
processed to determine the intersections with the current 
scan line. One or more buffers are computed ahead of the 
actual video output to insure that the output bit rate 
requirements are met. ielD 

As the discussion ot bit maps and video considerations 
shows, the speed of the haroware neeaed to set the 
horizontal oils on the scan line must be very great in order 
to allow for a reasonable number ot lines which cross a scan 
line, while the speed is great, the technique is possible 
ana we can expect some commercial units to oecome availaoie 
in 197b or 1977. le4c 

HfBRIO1ZAI ION ieS 

One of the advantages ot the viaeo system is tnat any ot the 
techniques aoove can be mixed together at the final video 
amplifier. For example, if a bit map is used, then 
rubberbanding iines will be a problem. A real time 
generator tor a single line is simple to construct, so a 
hybrid system with a single rubberband line and a nit map 
can be built to remove the limitation. All the techniques 
have advantages, and the choice ot technology tor a given 
application will dicate the best choice; however, specific 
limitations can be removed by added additional hybrid 
capactiy. Ie5a 

REFREBti MEMURi MANAGEMENT 

IN XRQDUCTIUN 1£1 

The refresh memory for either the bit map or font posting 
can be implemented as a matrix whose size is dictato Dy botn 
the pnysical implementation and the required size, or an 
additional memory can DQ used to map tne iines and rows from 
arbitrary portions ot the total address space. itla 

15 



RLb2 o-lbB-7b 15:2 7 2753/ 
VLDC-U GLN&KAIIUN TbCHNiQULS T OR Tflb NLS WORKSTATION 

MLMQR'L CONTROL FUR FONT POSTING 112 

The axrect use ol a random access memory tor tont posting 
can require some waste of available memory, tor example, 
suppose a 80 X 32 refresh memory is to be constructed from 
IK chips. The total number ol characters required tor this 
implementation IS 80 X 32 = 2560 which is 2560 - 2048 = 512 
character positions in excess ol 2k. This means that 3K ol 
memory will oe neeaeo and 512 character positions will be 
lost to the system. 

Placing another rriemory between the line address counter ana 
the refresh memory, allows the terminal computer to map tne 
lines from tne refresh memory into the order required lor 
display, ihis mapping allows for last scrolling and it 
allows the full memory ol the display to be utilized even H 
ail the lines in tne refresh memory cannot be displayed. 

The number ot characters displayed on each line can be 
controlled by three techniques. 

1) Ihe lines can be ol lixea length. 

2J ine refresh memory can contain an end ol line 
character which is used to discontinue font posting when 
it is encountered. 

3) The memory mapping register can contain the line 
length. 

11 the latter two techniques are usea, then in general tne 
refresh ememory can contain more lines ol text than in trie 
tixed length scheme. 

MLMURT CONTROL t OR Bii MAPPING 

Bit maps for screen sizes other than even multiples ol two 
will oenerit from the use of a memory map for the display of 
each row of Dits. for example in the case of the 525-line 
monitor only 487 lines are available horizontally; however, 
about 70U points are available on each line. if a 256K-bit 
memory serves as a refresh memory in an unmapped system then 
9 bits will be used to address each axis (.512 X 512). (If 
say 7 bits were used to address the horizontal rows then the 
bit map *ouid be 1024 X 256, and 467 - 256 = 231 scan lines 
would oe lost.) Since only 467 scan line can be seen, 25 
are lost, if a memory map is used the width can be 
increased (by 25 points) ana the full memory used. 

1 f 2a 

1 f 2 o 

1 f 2c 

1 f 2c 1 

1 f 2c2 

If 2c3 

If 2d 

If 3 

1 f 3a 
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In oit maps, the slowest operation is the buix transfer of 
groups of rows. In trie aiscussion aoove, the time to move 
two lines of text would he about 8 milliseconds, if memory 
mapping is available the time would be reduced to a tew 
microsceonds. As a result, scrolling text is simplified. itib 

SfNC GENERATION 19 

SYNC GENERATION lgl 

Sync generation for 52b line systems nas been greatly 
simplified by the introduction of several sync generator 
chips. rhese units produce the full Eia sync waveform and 
provide separate signals tor vertical and horizontal 
synchonization. The chips cost less than $20 and replace 
commercial units costing several hundred dollars. lgia 

For nign resolution systems we can expect similar 
developments to be available in the future. Iglb 
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Icommands) 
Go Programs <CA> 
Load Program xprograms,incluoe.sy<CA> 
Load Program maynard,feedlt.proc-reP<CA> 
Load Program maynard,addressfilter.ca<CA> 
Quit <CA> 
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(Coverj % A sample cover ietter% 
The Augmentation Reseach Center of Stanford Research institute is 

interested in exploring the possibility ot obtaining National science 
Foundation funding in oraer to continue some of our ongoing research 
efforts. This document consists of three major sections; An 
introduction to SRI and the Augmentation Researcn Center, a high 
level description ot the proposea research effort, ana a bibliography 

| ot pertinent references. If you have any questions about SRi, ARC, 
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or trie proposed research effort, or you would like additional 
information please contact me. if you tnink your program within wSt 
rnignt De interested in funding some level of effort in this area 1 
would oe glaa to submit a formal proposal, we would welcome any 
comments you could give us to aid the production of a mutually 
satisfying proposal, if your particular N St program is not 
interested in funding any effort in this area, but you know of 
another program within NSF that rnignt be interested, please feel free 
to forward this document to them. Thank you very much tor your time. 
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USER SERVICES REPORT: Training a Assistance at Bell-Canada - March 1-5 
1976 

Warninq: this report is long and meaty. 
1. TIME: March 1-5 1976 - 5 person-days by JMB 
2. TRAINING, ASSISTANCE, and PERSONS CONTACTED [directory names in 
uppercase J 

Tnere was a schedule of times ano subjects of planned training 
that Inez distriputed to Bell users (27649,) but as Inez warned 
me, tnere was no way to qet users to actually come to scheduled 
"courses". They were often out of town, in meetinqs, or working 
trom home on any particular* day. So each morning and afternoon, 1 
went arouno to users checking on what topics 1 could get 2 or more 
people toqether tor--sometimes 1 would work with individuals--and 
delayed topics for which all interested parties were not 
available; some topics, like MSG, were still postponed on Fnoay 
wnen I nad to leave. The rest of this section describes the 
training sessions 1 did have with users. 
March 1 - Discussed Output Processor and COM news with Inez 
MATTIUZ. She showed me some of their COM'ed documents, and we 
discussed their attitudes toward the quality of the documents 

) they'd produced (the quality varies widely in my opinion). They 
are pretty disillusioned with trying any fancy CUM stuff; they 
stay away from two columns. I suqgested some things I'd learned 
about columns and Tabto's from working on Dave Potter's recent COM 
project. 1 tauqht advanced Output Processor stuff to Inez ano 
Huguette MEADE. They were nappy to near about the PlexNum, Pxl, 
PxF, PxP, PxIFirst, PxlRest, Numdash (for tneir Terminet printer), 
and other directives they didn't know much about. Gave a 
beginning Output Processor course to Lina NARD1, which Inez and 
Huguette sat in on (These three people are the ones who do the 
input and COM production of reports tor all toe other Bell users), 
inez commented that Larry Day has ordered that any report or paper 
tnat is put into NLS at any staqe has to be published through COM; 
she felt tnat this expressed a very definite committment to NLS by 
the management of the group. 
March 2 - AM - Individual session with Mixe KATSOULIS reviewing 
basic NLS stuff and getting his directory ano initials tile back 
together after months of inactivity. 

He was especially interested in how to file away or delete 
journal items he has already read (he uses Print Journal). He 
is also interested in how to handle Snomsgs--delete, file 
elsewhere, read later--so wants to know MSG (the class we could 
never get people together for). 1 would have likeo to be aole 
to give a journal mail handling class to several users, but 
ended up helping many of them with the same stuff individually, 

h I feel that most people need a mail-handling course several 
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months after they become users, and that we should put more 
effort into this (we concentrate more on sending mail than on 
receiving it). 
Like many other rustv TNLS users at bell, Mike understands 
about NLS structure ana uses it successfully in moving, 
deleting, etc., in his initials file, but doesn't want to know 
about editing because his memos and papers go to huguette or 
Lina for transcribing, he's very interested in the guality of 
the production of his stuff thru COM; I tried to talk him into 
indicating structure on his handwritten drafts, but he'd ratner 
leave that up to Huguette. Usually she returns him an 
unstructured draft, then he tells her which points should be 
formatted below which, and then she restructures it if tnat 
seems necessary while formatting it tor COM. Most other people 
who write papers don't like to read a draft until it has been 
formatted through the QP to look somewhat iike the final 
version will look. 

March 2 - PM - i gave Inez and Huguette an introduction to Content 
Analyzer patterns. I did not teach everythinq--only mentioned a 
little about combininq elements and didn't mention ENDCHR or scan 
direction or negation, etc. Ihey need to practice this somewhat 
oefore learning more features. They learned to invoke the Content 
Analyzer with the Set Content To command ana to use Print, Output, 
or the Filtered Editing commands such as Copy & Move, with 
tfiewspec i. 

Answered their questions about markers, file ana directory 
protection, and Edit Statement. Does anyone in ARC have any 
comments about the status ana use of the Edit Statement 
command? Some of the control characters <CTRL-A><CTRL-Q> 
naven't been working in this command. 

March 3 - AM - worked with Larry DAY ana Gwen Edwaras (GEDWARDS) 
on some Addressinq, some viewspecs, ana on Journal topics. 
March 3 - PM - Spent most of the afternoon working with Gwen and 
Huguette and Don ATKINSON (who came by off and on) on Editing, 
advanced Addressing, sending sequential files with SNDMSG, how to 
transfer sequential files into NLS and vice versa, ana how to use 
the Message subsystem, mis session held their attention well 
probably because they had a specific problem to solve ana the 
topics I covered spoke to and solved that problem (it didn't seem 
like merely "learning"). 
March 4 - AM - Don ATKINSON showed me his work habits in TNLS ana 
ONUS; he wasn't interestea in devoting much time to "training", 
but I did show him some shortcuts while he was passing back and 
forth. He is a very restless and quick-learning person. He saia 
tnat he has learned all he knows about NLS (which is quite a lot 
tno he has unusual methods) from the Glossary at 2 am. 
March 4 - PM - Continuation of March 3rd afternoon session with 
Huguette and Gwen; covered now the journal files are organized and 
how to access ola journal items, which led to topics on Archiving, 
getting back archived files (and their partial copies!), ana 
dealing with file space allocation problems. 
March 5 -

worked with Mike BEDFORD on various specialized topics. 
Phil WEINTRAUB was a good example of the situation many users 
get into in terms of their learning NLS. Inez thought he 
greatly needea training for his development as a user. when 1 
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asked him which sessions he was going to attend or if 1 could 
go over anything individually with him, he said that he didn't 
see the need to take time now; when he next nad some problem or 
project, ne would ask Inez to help him. Inez complains to me 
that they come to her with problems, sne tries to train them, 
out they only want their particular problem solved and are not 
willing to invest time in learning. 

3. APPLICATION (This is by no means the major application at Bell; 1 
just include it because it's new to most of us): 

The DATES Subsystem - a Management 'lool 
On Thursday morning Lina NARDI (who operates it) ana Penny NAPKE 
(who wrote it) snowed me Bell's Dates subsystem. Lina, or anyone 
else in Bell, goes into this suosystem of NLS ana enters the dates 
a member of the Business Planning Group will be out of the office 
and why and when they will return. (Only Lina, the secretary, can 
change entries for another person.) This info is written on a 
file in trie <BELL> directory. The subsystem can also be 
interrogated for the next ten mornings or afternoons all of a 
given group of people will be available in the office, used for 
planning meetings. 
Penny also wrote a Process branch which Lina runs: it is used to 
send a message to everyone in Bell listing all the members who 
will be out of the office tomorrow and today. inis Process branch 
uses the AUXCHAF procedure-replace to prompt the user for input at 
certain places, and it includes tne running of a content analyzer 
program Penny wrote. 
1 nave documentation for these capabilities if anyone's 
interested. My major conclusion is this relatively simple-minded 
effort shows that if Penny put her mind to it, and the resources 
were given, sne could design a really powerful management 
application for Bell; i feel that the management backing is 
potentially there (also see--4fl). 

4. ISSUES: 
DEX: 

Larrv DAI and his boss, Don ATKINSON, both asked me to look 
into Bell's continuing problems witn DEX. Partly because Inez 
was not in the office durina most of tne week, it was difficult 
to determine exactly what the problems were and how long they 
had experienced them. Evidently, DEX has not really worked 
well for tnem for over a year. During that time they have 
complained about, and we nave fixed, various problems such as 
the up-to-date versions of cassette and dex programs getting 
archived, ana the dex program introducing <NUL> characters. It 
was not clear to me until this trip, however, that it was stiii 
unreliable for them in spite of tnese fixes. 
DEX was a major issue of NLS effectiveness tor the managers of 
this group, especially Atkinson; their concept is that there 
was a period of time quite a while ago when DEX worked 
perfectly, and that for at least a year now, something hasn't 
worked and we have been quite unresponsive to their complaints. 

(To oe fair, however, I should point out that clear info 
about many of them did not come tnrouqh to ARC; Wnat often 
happens is that we tell users tnat we have fixea something 
ana later ask tnem if things now work, they have not tested 
the process to find that they there are other problems, so 
we assume that all is now cool, they find out much later 
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about their troubles, conclude that we failed to fix things, 
etc.; this can qo on forever.J 

Day and Atkinson both are very aware of the potential for 
really efficient use of NLS resources that DEX represents, and 
it can oe a lifeline when there is a real crunch in direct 
access, i also personally feel tnat DEX should be thought of 
as one of the major aspects of our service to users wno are 
concerned with cost-effectiveness. 
So, 1 tested DEX extensively myself on Thursday evening and 
Friday morning la low load time and a high one) in their 
environment. 

The DEX program, which converts a sequential tile into an 
NLS file, works tine. The problems lie in the process of 
the Cassette program reading the tapes to make the 
sequential tile. 
The equipment they use are two cassette units which are 
quite similar to our 1CP Termicettes, each of which is 
connected to a VU-COMP, a display terminal used tor TNLS. 1 
made several test tapes according to the instructions in our 
DEX USERS' GUIDE FOR THE TCP TERM1CETTE (32952,), except for 
manually pushing the buttons to go into record mode and to 
record a gap on the tape. 
Mv various experients suqqest that the problem is that the 
equipment is runninq in continuous mode rather than in 
line-at-a-time mode iin line mode the program will stop 
readinq at every <CR>, wait, and then start reading the next 
line; in continuous mode the whole stream of characters on 
the tape are shoved into the system as fast as they are 
read--it does not even pause between files), as the system 
is designed for. IMEH & uCP say that the design is 
characteristic not of the Cassette program but of input to 
the computer itself; 1 am looking into some suggestion that 
this is not immutable.) 
1 could fino no equivalent to the stop Control knowb on our 
TCP's which is used to select Line rnoae. 
with Continuous mode the Cassette program can SOMETIMES get 
all the text read into the sequential file It you are 
running during a time of low computer load, there is only 
one file on the tape, AND you stop the the tape manually and 
the Cassette program with <CTRL-C>. The rest oi tne time 
the result is NOTHING on the sequential file (ano therefore 
you cannot use the DEX program). 

When I explained the problem to Atkinson on Friday, he took the 
position that he wants the system to work with Continuous mode 
because that would cut down drastically the amount of connect 
time it would take someone to read in the tapes. The Cassetie 
proqram DOES take a long time to read a tape; evidently the 
pauses at <CR>s have to be lonq. 
While we decide what to do about the Lme/Continous problems 
(their equipment, our programs and computer) I'll try to work 
out with Inez some suggestions which MAi increase the 
possibility that tapes will be made into files. To that end, 
the secretaries snould be trained to use the input instructions 
in our manual; 1 have the impression they're used to the 
standard straiqht input procedures tor offline use of 
cassettes, and they don't clearly understand the conventions 
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DEX uses. 
1 collected other problems to solve for Bell users during the 
week. 1 will be working with Feedback and others on these. 
Future training ano assistance; these are things I did not get a 
chance to do: 

Huguette wanted to iearn all about making Tables of Contents. 
Batch facility (especially when the new revision is formally 
announced) 
MSG course 

DISCUSSION: 
while 1 was at Bell, it was announced that Phil F'ELDMAN was 
leaving the Business Planning Group ana that Penny NAPKE was 
joining it. BPG is the main Bell group using NLS, and is 
responsible for it; sometimes people in other neighboring groups 
use NLS also (Penny is an example). 
Huguette MEADE is the most sophisticated NLS user in Bell next to 
Inez MAT'IIUZ. Her job consists entirely of working for other Bell 
members on getting things into ana out of NLS. in fact, there is 
a tendency to rely on her almost too much--other users do not 
oother to learn what is going on so they do not know how best to 
set up the work they give her. Also, when she is away for tne 
whole summer (every year), the work just piles up. See also SGH's 
description of her role in ner course report on the last Bell 
visit (32888 , le4). 
Attitudes Toward Training: One type of comment 1 heard from 
several people seemed to partly explain why Bell users seemed not 
very highly motivated to attend training sessions. 1 would 
paraphrase it something like this: "we're not very susceptible to 
training because we have really taught ourselves NLS. we got very 
little training before SGR's visit last June, so we had to fend 
tor ourselves, ano feel that our use habits are too well ingrained 
to change." Thus it was difficult for me to help them to oevelop 
their proficiency. They do show more interest in brand new 
capabilities we offer, though (batch, MSG). 
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Oliver whitbev C O W W J  put these questions to DvN as part of his effort 
to inform himself about NLS for the Editorial procesinq Center 
project. DirK plans to provide brief answers with supportinq 
references next week.. He may come to some of you for help in tnis 
matter. 
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Information aoout ARC Documentation Production Researcn 

I should appreciate the following type of information from you: 1 

Any data vou can unearth to reiate the jobs we foresee in journal 
publication in the areas of: la 

executive editing lal 

redaction la^ 

typography ' 

to the load factor on NLS, assuming all users are doing the same 
Kind of work. will any of the experience with other ARC clients, 
such as Gunter AFS, enable us to get a handle on tms 
relationship? 

A short explanation of the function of the full screen proofing 
capability now available through Gffice-1 C?) and an exposition of 
what you believe may be trie changes needed to provide an 
interactive redaction capability, such as MAE's, for NLS using the 
lektronix display. lc 

A general perspective on the experience ARC has now built UP in 
document production with its clients. I'd much appreciate tnis 
description containing some background information on each client 
so that 1 can understand the viewpoint from which each regards NLS 
and the broad needs each is attempting to satisfy. Id 

A feel for the way in which each ARC client doing document 
production has handled the transition from a manual to an 
automated mode, *e 

A short catalog, with narrative descriptions, of the major 
improvements that are planned tor NLS (Gffice-1) and that may 
influence the capabilities of an NLS-based test vehicle for this 
project. 

The way in which the loao factor on NLS varies throughout the day 
and tne week for the Office One machine and, if possible, for the 
6BN machine. in other words, what is the windfall % of each 
macnine at times of the day when an East-Coast, Mid-west, and 
Far-west journal is likely to be using a "slot"? The variaoility 
in the estimates of the mean would also be useful to have, if they 
can be ascertained. 

if ARC has a written evaluation of UNIX for the document 
production iob--l understand such an assessment was made--l would 
find it most useful in coming to a fair judgement of the 
suitability of the various possible test vehicles. lh 
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iMaturallv, if ARC has extenoed or revised the Vallee report, I 
would find the results of such a stuoy most interesting. li 

In talking witn Doug Enqeloart about the advantages to the 
scientific community, I haven't yet formed a clear impression of 
the areas of communication on which his thoughts focus first and 
most heavily. I believe we all acknowledge tnat more rapid and 
facile access to records of past work could be of great use to, 
say: 

lawyers 

11 

111  

scientists 

administrators *13 

legislators H4 

Certainly getting these data (.citations, abstracts, etc.! into a 
machine readable form should be done when the original work is 
publisned. However, 1 have a tear that putting everyone on-line 
to one another could be more disruptive than is discourteous use 
of the phone. It certainly is no substitute in its current 
implementation for close personal contact among collaborators. 1 
should like to distinguish between groups the members of which are 
related in a systematic way by their responsibilities to a single 
organizational entity to solve a problem and those in which the 
members are really each seeking to solve different problems but 
are joining efforts in hopes of qetting insights into their own 
particular problem. 

While we are personally intriaued oy the technical nicities 
and social possibilities of computerized conferecing and 
information snaring, 1 feel we must recognize that non-computer 
scientists are interested first 6 foremost in their own work. 
Quite often they have to make sacrifices to share information with 
others. The benefits they reap are usually rather indirect and 
long in coming while the penalties are direct and immediate. My 
basic question is "what are the drawbacks to information sharing 
and how are the incentives to cooperate handled?" I'd like to 
have a balanced perspective on this problem, which is 
multifacetea, far reaching, and really significant. I'm not 
willing to accept that computer information sharing is an 
unalloyed benefit to the scientific community. 11 

1 
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assisted systems the operator is already entering tne next job, 
while tne operator at the magnetic tape equipment is watching the 
first tape play out..." (italics adaed) 

This example illustrates the considerable benefits to be gathered 
from office automation, not only in word processing, but also in 
communication, information management, and document proauction. The 
office of tne future is here today -- if we want it. 

.GraD=10?TEXT PROCESSING AT THE CLERICAL LEVEL 
The considerable costs savings ana productivity increases Described 
by Iartaglia are based on applications at the secretarial/clerical 
level. His analysis of automated word processing creaks word 
processing systems into three basic elements: the oriqinator, tne 
transmission element, ana the keystroking element. These examples 
all involve cases in which the three elements are discrete; they are 
clear examples of the penefits which can be realized simply by 
automating current procedures. 
This sort or automation leaves the executive comfortably ensconced in 
a swivel chair, dictating or writing a draft of a oocument. These 
words are tnen transmitted (on paper, on aictation equipment, over 
facsimile equipment, etc.) to a secretary or typist who enters the 
text into the word processing system, after which it is played back 
and returned to the originating executive tor review and 
moaitication. All changes are then made by yet another keyboard 
operation. 
As Tartaglia demonstrates, office automation even at this level can 
produce tremendous qains in productivity, with commensurate cost 
reductions, simply by reducing or eliminating redundant keyooard 
operations. Logically, however, only one step separates managers 
from full exploitation of current technology. Executives who, 
instead of writing or dictating, enter their thoughts and ideas from 
a deskside terminal, not only eliminate the redunaancy inherent in 
the separation of the three elements; they also qain far greater 
control over the flow and form of their words. 
Despite the widespread use of automated systems in other functional 
areas of tne organization, the office -- particularly at the 
management level -- operates much as it aid years ago. The primary 
medium for the flow of words and ideas whitnin the organization is 
still the printed page; and aithouqh the ideas on the page may have 
peen dictated into a central dictation system and transcrioea by a 
member of the typing pool, tne pasic process has chanqed little. 
Origination, transmission, and keystroking (not to mention the 
redundant cycling through these steps auring eoiting ana revision) 
remain separate. 
It is not the lack of adequate tools for office automation whicn 
guards the status quo. An excellent example of the scope and power 
of applications of technology to office operations is providea py NLS 
(oN-Line system), which is mamtainea and marketed by Stanford 
Research institute. 
for thirteen years tne Augmentation Research Center (ARC) at SRI has 
been developing computer-based tools to ennance the abilities of 
individuals and groups working with knowledge. This research, under 
the direction of Dr. Douqlas C. Engelbart, has been sponsored by the 
Defense Advanced Research Projects Agency, the U.S. Air force, and 
other government agencies. 
The set of integrated tools developed at ARC is termea the "Augmented 
Knowledge workshop (AKW)." Tne focus has not been on 
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problem-structuring methods or on analytical capabilities, but on an 
overall environment in which people can work with information ana 
ideas. This effort has been guided by an orientation toward the 
nontechnical user, sucn as the business executive. These tools have 
been applied with considerable success to the work of a diverse set 
of organizations throughout the United States and Canada. The growth 
and further evolution of this intormation environment looks highly 
promising. 
The change implied here is far greater than simply the automation of 
the way we work. Techniques like those developed oy Engelbart ana 
his colleagues hold the potential for actually cnanginq significantly 
the procedures and structures of organizational life. According to 
George Pake (as quoted in the June 30 issue of .Siant;fausiness 
week.Slant=Off;J, "There is absolutely no question that there will be 
a revolution in the office over the next 20 years, what we are doing 
will change trie office like the jet plane revolutionized travel and 
the way that TV has altered family life." And ne co'ntinues, saying 
that within 20 years his office will be completely different: "I'll 
be able to call up documents from my files on the screen, or by 
pressing a button... i can get my mail ox any messages. I don't know-
how much hard copy I'll want in this world." 

.Grab=10,AUTOMATION AT THE EXECUTIVE LEVEL 
An organization's success depends on the effectiveness of its 
executives in guiding the organization through its complex 
environment. The scarcity and cost of executive talent imputes a 
high value to its efficiency. Organizations are becoming 
increasingly interested in providing a supportive working environment 
for their executives. 
A large part of the executive's day involves working with information 
and ideas. Executives must be aware of the organization ana its 
environment, through a wide range of contents ana many levels of 
information specificity ana permanence. They must solve unstructured 
as well as structured problems. They must work with others on ideas. 
Essentially, they are employed to think and to communicate. Aavanced 
information-nandiing tools can play an important role in improving 
the effectiveness of the executive's use of valuable time. 
Many organizations provide management with tools which are designed 
to help coordinate the flow of information. A management information 
system may help executives to get necessary intormation, no more, no 
less, pretty mucn when it is needed. Financial or accounting systems 
may keep the oooks, while still other systems are used to analyze 
business or market trends and forecast probable futures, lo date, 
however, these systems have remained separate, and typically require 
specialized, trained personnel to run them. No one system either 
provides executives with the various information-handling tools they 
need, or even a coherent context through which they can reach these 
tools. Moreover, current systems tend not to be user-oriented --
that is, they are relatively difficult to learn and to use, 
sufficiently so as to discourage all but the most determinea from 
aguirinq sufficient skill in their use to garner any significant 
benefits. 
The executive miqht use tools like those developed at SRI in many 
ways. Collecting information about the organization, communicating 
with peers, superiors, and subordinates, collaborative work without 
regard to the locations of the collaborators -- ana yes, even text 
processing ana document production -- all are tasks well within the 
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scope of currently avaiiaDle tools. 
.Grab=l0;WHAT KIND OF AUTOMATION? 

.Grap=lu;Magnetic tape (or disk) equipment 
The vast majority of tne word processing systems currently on the 
market fall into this category, which includes such equipment as 
IBM's memory typewriter, the near-classic Magnetic Tape selectric 
Typewriter (MIST), ana ViDEC's screen-orientea editor. Ihese 
units are completely self-contained; to date, in fact, tew it any 
provide even the option of communicating with computer-assisted 
systems. 
Tartaglia (.Slant;Journal of Systems Management.Slant=Off;, August 
19/4) estimates that such equipment can usually cut overall costs 
betwen 25 and 30 percent. For some applications, this may be more 
than adequate; not all text processing tasks require or can even 
use the power ana flexibility affordea by more sophisticated 
systems. Before committing an organization to the purchase of 
.Slant;any.Slant=0ff; system, however, careful study should be 
devoted to the flow of text processing and document production 
through tne organization. Generally speaking, magnetic tape 
equipment is relatively limited in its ability to grow and flex 
with tne constantly changing needs of the company; moreover, its 
capauilities limit even its current uses. 
Characteristically, these "stand-alone" devices are not designed 
for massive editing jobs, with the MTST, for example, basic 
editing is limited to the substitution of character strings (text) 
of equal length. Larger-scale editing changes require that the 
document be copied onto a second tape, manualiy stopping and 
starting the respective tapes when areas to be edited are reached, 
a process which closely resembles the way in which audio or 
videotapes are edited. Their major advantage is their cost; in 
terms of short-term costs, they represent the least expensive 
first step toward office automation. 

.Grab=10;Computer-assisted systems 
until recently, the thought of using a computer as the heart of a 
word-processing system would have been aiscarded as hopelessly 
impractical. Ine rapia growth in the availablity of increasingly 
powerful and increasingly economical interactive computers, 
however, nas brought radical changes to the field. William 
Vetter, Director of Advancea Flanning ana Research for the 
Franklin Life Insurance Company (,Slant;best's Review.siant=Dff;, 
October, 1973) describes the result: 

At Franklin Life, a computer (word processing) system has been 
used for over five years. It followed an extensive use of 
automatic typewriters and it immediately lowered the unit cost 
to less than halt. With practically no training, each operator 
began producinq three times the volume produced on an automatic 
typewriter. • 

To compare: 
Automatic Typewriter Computer 

Equipment --s285/month Keypunch --$110/month 
CRT —$75/month 
Computer --$b0/hour 

Output, words per 
minute --150 15,000 
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Cost per tnousand 
words --$.73 $.0bo 

Operator input, letters 
per day --150 450 

Input cost per letter --
$.153 $.051 

,0rab = 10;As though unsure of the ability of these figures to 
convince the skeptic, Vetter goes on to list other advantages of 
tne computer over the magnetic tape units: 

1. Preworded letters ana paragraphs can be stored on direct 
access economically..fbS=0; 
i, There is no need to group letters by type. 
3. The computer will "put on" the master letter in a few 
microseconds. 
4. The work load can be smoothed out -- letters can be 
requested when the information is available and let the 
computer print and date tne letter when it's time to send 
it..¥BS=1; 

Van Dam and Rice, in a survey of on-line text editing systems 
pUQlished five years ago in .Slant;Computing Surveys.Slant=0ff;, 
summarized the advantages of the computer-assisted systems 
available at the time (it should be noted that the speea and power 
of tnese systems increased tremendously, with equally large cost 
reductions, in the five years which followed):.PlexNum=101; 

easy access;.xBS=0; 
immediacy of response; 
ease of making hard copy without intermediate stages of 
typesetting, proofreading, resetting, reproofing, etc.; 
reduced "turnaround" time for any type of file research and 
writing task; 
common access to the same data base (this is useful for a pool 
of researchers or documenters working in the same area, or tor 
common access to updatea (project) management information; 
"constructive plagiarism": the easy modification of previously 
written materials for present purposes (as in the writing of 
papers, contracts, proposals, or brochures); 
great simplification of document dissemination and storage --
no hard-copy bulk, but any degree of archival protection 
desired; 
far qreater flexibility for browsing and linking text fragments 
than with manual methods of working with hard copy; ana 
relatively rnoaest cost for all this increase in activity and 
efficiency, when compared with all aspects of present systems: 
writing delay, retyping, proofreading, typesetting, revision of 
galley ana page proof, printing, binding, distribution, storage 
(and subsequent inaccessibility due to distance, lack of shelf 
space, poor indexing, borrowed or lost copies, etc.). The user 
cost includes the machine time usea (typically a 5% or smaller 
rate of CPU utilization/user time) and the rental or purchase 
cost of the terminals employed..YBS=1; 

Of course, selection of a computer-assisted system is no easier 
than choosing a nardware-orientea system. ATS, wylbur, hpertext, 
Script, iEC0, ana a host of others wait in an array of resources 
more likely to bewilder than to inform the potential user of their 
relative merits. 

. Grab = 10;CQST-EFFECT1VENESS 
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Clearly, computer-assisted systems have tremendous advantages over 
"stand-alone" systems. They offer greater power, speea, and 
flexibility; in addition, they hold the promise of improving 
productivity not only at the clerical level (.by automating the 
traditional word-processing cycle) but also at the professional or 
executive level. Imaginative applications of such systems can 
provide not only vastly improved text processing and document 
production; they can also give executives the tools they need to move 
at ease througn all the varieties of information handling, retrieval, 
ano dissemination tasks that m the final analysis constitute their 
work. Management information systems, financial planning and 
budgeting, word processing, communications, and record keeping can be 
merged, with a desk-side terminal providing the professional with 
easy access to whatever tools are needed tor tne job at hand. 
Equally obvious are the short-range economies of the "stano-alone" 
system. Not only do such systems require a smaller initial 
investment; they also exert less impact on organizational structure, 
personnel, and procedures. The full potential impact of 
computer-assisted tools was described years ago Dy Douglas Engelbart, 
Director of SRl's Augmentation Research Center, whose system, NLS, is 
much more than just a text editor; Engeibart's goal is to provide a 
new way of thinking and working by fully exploiting the power of 
current technology: 

we are concentrating fully upon reaching the point where we can do 
ail of our work on line -- placing in computer store all of our 
specifications, plans, designs, programs, docunentation, reports, 
memos, bibliography and reference notes, etc., and doing all of 
our scratcn work, planning, designing, debugging, etc., and a good 
deal of our intercommunication, via the console. 

Dr. James Emery of EDUCOM describes two components of system 
cost-eftectiveness:.PlexNum=l01; 

.Slant;Do the right thing.siant=Off;: tnat is, get the job done. 
The more power and flexibility a system has, the more it can 
accomplisn; today's best computer-assisted systems can handle a 
tremendous range of jobs of virtually any size, scope, and 
complexity -- joos which simply cannot be approached with 
"stand-alone" tools. 
.Slant;Do the thing right.Slant=Of1;: that is, get the job done 
witn maximum efficiency. Although high-power tools like SRl's NLS 
can do both large and small jobs, the smaller jobs can be 
performed just as well, ano at lower cost, by less powerful, 
"stand-alone" tools. 

The optimum system, if it is to meet reasonable criteria of 
cost-effectiveness, must be able to provide each user (from the 
clerical to the executive level) with precisely the power needed tor 
the job at hand -- no more, no less. "Stand-alone" systems, lacking 
the power tor large joos, cannot meet this criterion; 
computer-assisted systems, because of their cost, also generally 
represent a compromise in this respect. 
iwo approaches, both currently feasible, provide a resolution to the 
conflicting requirements of power ano economy -- hierarchical systems 
and nierarcnical networks. Botn approaches rest on a common 
principle: they are multi-level systems which allow the user to 
reach out from a sinqle piece of equipment (usually a deskside 
terminal) to use precisely the power needed to efficiently perform 
the job at hand. Such systems allow any user to perform tasks 
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ranging trom oasic text entry Ctne initial keyboard operation 
required by all systems) up through tasks as demanding as complex 
search and retrieval operations, heavy document eaiting and revision, 
and photocomposition, ana to do so in a cost-eftective manner. 
.Grab=10;rtierarcnical Systems 

hierarcnical systems are essentially hybrids. Ihey represent a 
melding of computer-assisted and "stand-alone" systems; that is, 
tney use relatively low-power systems (e.g., magnetic tape units) 
for initial text entry and simple eaiting, ana rely on the 
computer to supply botn efficient long-term storage and retrieval 
and the power needed for large-scale eaiting and formatting 
operations. 
Efficient hierarchical systems can be built primarily through 
careful selection of tne equipment that will comprise its 
component parts. The Dasic rule for equipment selection is 
simple: choose only equipment that provides a communication 
capability, buch equipment (e.g., IBM's Communicating Mag Card 
units, v'ydec's screen-oriented system) provide local text capture 
ana reasonable editing capability; in addition, they allow the 
user to connect (via dial-up phone connections) to the computer 
when additional resources are needed. 
ideally, such a system should be as modular in design as possible. 
That is, the frontena equipment — the equipment which provides 
the basic interface with the user -- should be as simple and 
self-contained as possible. This is necessary it tne user is to 
perform economically those jobs (e.g., interoffice memos) which 
require little if any automation. Although higher-powered units 
like the Vydec system will of course perform such tasks quickly 
and pleasantly, costs will be higher than they need to be. 
Equally important is the need for the user to be able to use this 
same frontend equipment to reach out for additional power when it 
is needed. This process should be as simple and straightforward 
as possible; in fact, the ideal system would automatically provide 
precisely the power needed by the user at any given moment. Sucn 
flexibility is beyond the capabilities of a modular or 
hierarchical system (but within those of a hierarchical network --
see tne discussion below); nevertheless, tne process of getting 
extra power should be a simple one. Here again the answer lies in 
the selection of relatively self-contained frontend equipment. 
Although the equipment comprising a hierarchical system would vary 
trom one organization to another, it would generally be oriented 
around typewriter terminals connected to tape cassette units. 
5uch terminals are relatively inexpensive, can provide excellent 
print quality at up to thirty cnaracters per second, and, wnen 
linked to tape units, can be used for local text capture and 
simple editing. Anderson-Jacobson, tor example, markets terminals 
expressly designed for text processing applications; these 
terminals not only support tne functions just described, but can 
also oe used as sophisticated office typewriters when no 
automation whatsoever is needed (for example, for inter-office 
memos). 
uther useful equipment includes portable terminals to be used trom 
remote locations, display (CRT) terminals for more powerful 
editing and efficient browsing through on-line files and data 
bases, and hiqh-speed printers for high-volume, large scale 
document production. All of this equipment is readily available; 
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inaeed, many organizations already nave made substantial 
investment in terminals and related equipment. When used in 
conjunction with powerful computer systems like SRl's NLS, such 
tools combine to form a true hierarchical system. 

,Grao=10;Hierarchical Networks 
Hierarchical networks (c.f. .Slant,-Datamation.Slant=Uff;, February 
1975) are conceptually similar to tne hierarchical systems 
described aoove. Instead of local magnetic tape (or disk) units 
providing a low-level editing and storage capability, however, the 
hierarchical network uses minicomputers to perform the same 
functions. 
Basic user interface with the system is provided by the same types 
of terminals described above, but without self-contained magnetic 
storage and editing facilities. Minicomputers providing these 
capabilities are connected to central facilities which provide 
whatever additional supporting power is needed on a time-sharea 
Dasis. Trie major difference to the user is that, while text entry 
and editing in a hierarchical system generally differs 
considerably according to whether the process is in a 
"stand-alone" or computer-assisted mode, with the choice made in 
every case by the user, the individual using a hierarcnicai 
network may be entirely unaware of the system level at which 
he/she is working. Initial typein, editing, retrieval, 
composition, and communications, may all be handled by a 
hierarchical network using one basic set of commands in a manner 
that is virtually transparent to the user. 
In other words, tne hierarchical system is a set of related tools, 
having a common purpose ano supported by a common systemic 
framework, but reguiring different procedures according to the 
level of power and flexibility needed. The hierarchical network, 
on the other hand, appears to the user as a single coordinated 
system, providing him/her with all basic information handling 
functions. 
Although several hierarchical networks are currently operational, 
none supports the capabilities needed for office automation. 
Current technology, however, is fully capable of supporting such 
an application; in tact, developmental efforts now under way at 
SRl's Augmentation Research Center are directed toward this goal. 
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