
JBP 17-JUL-75 16:55 26152 
The PCPB8 Format 

1 Introduction 1 

la Data structures will be encoded according to PCPB8 when the 
physical channel transmits messages which are streams ot 8-bit 
bytes. la 

2 Data Structure Encoding 2 

2a The first byte of a data structure is a type code, with the 
type zero having the special interpretation indicating that a key 
is present for this oata structure, non-zero codes indicate 
element types, 2a 

2b Key 2b 

2b1 FLAG (1 byte) = 0 2bl 

2b2 VALUE (any element) 2b2 

2c Elements 2c 

2c 1 EMPTY 2c 3 

2cia TYPE (1 byte) = 1 

2c1b VALUE (none) empty 

2c2 BOOLEAN 2c2 

2c 2a TYPE (1 byte) = 2 

2c2b VALUE (1 byte) boolean 

2c 2b1 FALSE = 0 

2c2b2 TRUE =1 

2c3 INDEX 2c3 

2c3a TYPE (1 byte) = 3 

2c3b VALUE (2 bytes) index 
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2c 3b 1 The value represents a positive integer in the 
range I through 2**15 - 1 

2c4 INTEGER 2c4 

2c4a TYPE (1 byte) a 4 

2c4b VALUE (4 bytes) two's complement integer 

2c5 BITSTR 2c5 

2c5a TYPE (1 byte) = 5 

2c5b COUM (3 bytes) 

2c5c VALUE (count bits) left adjusted in ((count. + 7)/8) 
bytes) 

2C6 CHARSIR 2c6 

2c6a TYPE (1 byte) = 6 

2c6b COUNT (3 bytes) 

2c6c VALUE (count oytes) ascii text 

2c7 LIST 2c7 

2c7a TYPE (1 byte) r 7 

2c7b COUNT (3 byteS) 

2c7bl Note: Lists of unspecified length are specified by 
setting the COUNT to all ones. The end of such a list is 
indicated by a bvte of all ones in place of a TYPE 
field. 

2c7c REPEAT (1 byte) 

2c7c1 SPECIFIEDELEMENTS=Q 

2c7cla count Data structures 
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2c7c2 RtPEA'] EDELKMEN'x = 1 

2c7c2a One Data Structure (representing count 
repeated instances) 

2c7c3 REPEATEDVALUE=2 

2c7c3a one Type (count# repeat) and count element 
values 

3 Data Structure Format 

3a 
aatastruc * Key * element * 

3al Key 

3a 1 a * * * 
Key * 0 * element * 

1 x 

3a2 element 

3a2a *- * 
empty * 1 * 

1 

3a2b * * * 
boolean » 2 * 0 or 1 * 0 for FALSE or 1 tor TRUE 

* ---* 

1 1 

3a2c * # # 
index * 3 * index * small positive integer 

1 2 

3 a 

3al 

3a2 

4 
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3a2d *- #--- ---* 
integer * 4 * integer * two's complement integer 

1 4 

3a2e .# 
toitstr * 5 * count * bits * 

t 3 count C(count+7)/8 bytes) 

3a2f * * * * 
charstr * 6 * count * text * Network ASCII 

i 3 count 

3a 2 g * #--- *---
list * 7 * count * repeat * count-structures * 

1 3 1 

4 Examples 4 

4a Empty 4a 

4al * •* 
* l # 

4a 1 

4b Boolean "TRUE" 4b 

4b 1 * * 
* 2 * 1 *  

4b 1 

4c index "7" 4c 

4c 1 * * * * 
* 3 * 0 * 7 * 

m #  - - - * 
4c 1 
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4d mteoer "-3" 4d 

4a1 
* 4 * 255 * 255 # 255 * 253 * 

4dl 

4e Bit string "10001111101011" 4e 

4ei ..4---
* 5 * 0 * 0 #  1 4 #  1 4 3  *  1 7 2  *  

4el 

4f Character string "aBCDE" 4t 

4tl *-- * 
# 6 * 0 * 0 » 5 * A * B * C * D * E *  
* - - •  * - -  . «  - 4 -  - - - . 4 - - - - - * - - - - - *  

4 £ 1 

4g List ot 5 character string "ABC" and a ftoolean "FALSE" 4g 

4  G  1  *  4 - . - - - - * -  - 4 - - - -
# 7 * 0 * 0 * 2 * 0 * 6 * 0 * 0 * 3  
4--_-_4_--«-4-«._._4__._..4_.„«._4___»_4.„„_^4__.w„4«._„ 

4q 1 

4g2 -*-----4-----*-----4-----*-----* 

* A # 8 * C * 2 # 0 *  
-4_-»--4-----*-----*-----4-----# 

4g2 

4h or 4h 

4hl - 4 - - -

* 7 * 255 * 255 * .255 *0*6*0*0*3 
4-----4«,.---4--.„4....»,_-4-„_»»4»»„_„4_.»«.„4_««_«4_„«-

4hl 
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4h2 
* A * B * C * 2 * G *  2 5 5  *  

4h2 

41 List of two the booleans "TRUE", "FALSE" 41 

411 * * •--#» * * * * * * * 
* 7 * 0 * 0 * 2 * 0 * 2 * 1 * 2 * 0 *  

411 

4j or 4j 

431 * *- -* * * * * * * 
* 7 * 0 * 0 * 2 * 2 * 2 * 1 * 0 *  

431 

4K Boolean "TRUE" with character string Key "XI" 4k 

4k1 *-
* 0 * 6 * 0 * 0 *  2  * X * 1 * 2 * 1 *  
» — — — — * — — — — — — — — — * — — — — — — — — * — — — — — — — — # — — — — — * 

4k 1 
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2 6 1 5 2  D i s t r i b u t i o n  
l a  J o s e p h  L ,  E h a r d t ,  A n d y  P o q g i o ,  J a n  A ,  C o r n i s h ,  L a r r y  L ,  G a r l i c k ,  
k l i z a n e t h  J .  F e i n l e r ,  K i r k ;  s a t t l e y ,  R o n a l d  p .  U n l i g ,  J a m e s  B ,  L l o y d  
F r a n k  J ,  N a t o l i ,  p e t e r  C ,  W a a l ,  E l i z a b e t h  K .  M i c h a e l ,  W i l l i a m  E ,  
C a r l s o n ,  S t e v e n  D ,  C r o c k e r ,  D a v i d  L ,  C a r l s t r o m ,  R o b e r t  M ,  B a l z e r ,  
R i c n a r d  w ,  W a t s o n ,  L a w r e n c e  A ,  C r a i n ,  A n t h o n y  A , L ,  B a g q i a n o ,  M i k e  A  
w i n g f i e l d ,  J o n a t h a n  B ,  p o s t e l ,  R o b e r t  E .  M i l l s t e i n ,  D u a n e  L ,  S t o n e ,  
J a m e s  E .  ( J i m )  w h i t e ,  A l b e r t  J ,  M a y h a n ,  A l b e r t  V e z z a ,  C h a r l e s  H .  
I r b y ,  E u g e n e  w ,  S t u b b s ,  D a v i d  L ,  R e t z ,  S t e p h e n  T ,  w a l k e r ,  
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mail from Watson 

1 1 8-JUL-75 10345:20-EDT,7?5JOOOOOnoOOOOO 
Mail from BBN-TENEXB rcvd at 18-JUL-75 1045-EDT 
Dates 18 JUL 1975 1043-EDT 
Sender* WATSON at BBN-TENEXB 
Subjects Meeting between myself and Postal to Review some thinqs 
before I qo away for a week- F r om* WATSON at BBN-TENExl 
Tos POSTEL 
C C S  WATSON# t p p Y ,  EHARDT# LEHTMAN# MICHAEL 
Message-ID! <tBBN-TENEXSji8-jUL«75 10S43|53»EDT,WATSON> 1 

2  jon, I would like to get from you drafts of milestones# Ehardt PDP 
11 memorv position paper# and r.ehtman NLS WM interface paper by 2800 
today so I can review them and then meet with you and others if 
needed starting at 3s0n as i would like them to go out either by end 
of today or earlv next weeX while I'm gone and want chance to make 
one more oass at them. Thanks DlcX -------
18-JUL-75 10:58 S40-EOT, 1660 SO00000000000 
Mail from BB^-TENEXB r cVd at 18-JUL-75 1058-EDT 
Date: j8 JUL 1975 1056-EDT 
Senders WATSON at BBN-TENEXB 
Subjects DEX 
From: WATSON at BBN-TENEXB 
TOS BELLEVILLE, LEHTMAN 
Ccs WATSON# kremers at SRI-AI, POSTEL# MICHAEL, CORNISH 
Message-IDs <[BBN-TENEXS]18-JUL*75 10356s12»EDT,WATS0N> 2 

3 Harvey, Bob# Doug feels pretty strenaly Ci t hink very) that the 
think niece on the small 11 floppy dlsk.tvpe Dex paper needs to sit 
in a paper with whole dex spectrum of which he feels thats one 
probable end point. If possible T would like to get together with you 
two at 1:00 to talk about it a nd anyone else that might be interested 
.  Norton considers Dex his number one development need, 
I see a staged sort of development plan, 
stage 0  lust getting whats there working and its requirements on 
hardware etc clear, stage 1 t o  staae n where depending on how we 
feel n  could be small or large more editing capabilities in cassette 
type Dex'. s t age ntl pdn ii floppy disk dex. 
Someplace in all this has to be better inter face to sequential world 
I t hink or maybe that iust falls out of NSW file things I d o not 
know. Anyway in thinking about markettino over next n months I know 
Development has to have individuals with some time to deal with 
specific application areas. The DPCS area has three main components 
Graphics# Dex and evolution of Output Frocessor and portrayal 
generaltion. Am a ssuming Bob and Elizabeth are key people to help 
formulate Plans here awith help from others as needed, Jan K and C 
are Involved as J K is doing something.about stage 0, j  c  may get 
involved in building staoe 1 w ith Utility funds but thats not clear 
vet, Dick -------
18-JUL-75 1is1iS02-EDT,586)000000000000 
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J B P  2 1 - J U L " 7 5  1 8 !  3 5  2 6 1 6 1  
t r a i l  f r o m  W a t s o n  

M a i l  f r o m  B B N - T E N E X B  r c v d  a t  1 8 * J U L - 7 5  l 1 1 1 - E D T  
D a t e ;  1 8  J U L . 1 9 7 5  l i O l - F D T  
s e n d e r ;  W A T S UN a t  BBN- T EM F X B  
S u b j e c t ;  m i l e s t o n e s  
F r o m !  W A T S O N  a t  BBN - TEN EXB 
T o !  P O S T E L  
C c ;  W A T S O N  
M e s s a g e - I D  f  < [ B B N - T E N E X B ] 1 8 - J U L - 7 5  1 1 ; 0 1 j 1 9 - E D T . W A T S O N >  3  

4  J o n ,  t h e  s u e  N S W  a r e a s  s h o u l d  o r o b a b l y  h a v e  m e e t i n g s  n e x t  * e e k  s o  
e v e r y o n e  k p o w s  w h a t  t o  c h a r g e  a n d  c a n  r e v i e w  h i s  i n d i v i d u a l  
m i l e s t o n e s .  B e s i d e s  t h e  m i l e s t o n e s  t h a t  o o  o u t  t o  M C A  I  w o u l d  l i k e  
m o r e  d e t a i l e d  o n e s  b y  I n d i v i d u a l  s o  w e  h a v e  a  b e t t e r  D E W l i n e  s y s t e m  
t o  s e e  i f  w e  a r e  s l i d i n g  o f f  t h e  p l a n  a n d  n e e d  t o  r e f o r m u l a t e .  T h a n k s  
D i c k  - - - - - - -
19-JUL-75  10 !44 !52 -EDT,347LOOQOOOOOOOOO 
M a i l  f r o m  BBN - T ENEX B r c v d  a t  1 9 - J U L - 7 5  1 0 4 4 - E DT  
Date? 19  JUL  1975  1043 -E D T 
Sender!  W A T S O N , a t  B BN - T EM EX B  
S u b j e c t !  d i s t r i b u t i o n  o f  P D F  1 1  c o r e  d o c  
F r o m !  W A T S O N  a t  B B N - T E N F X B  
TO? EHAPDT,  POSTEL  
C c !  W A T S O N  
M e s s a g e - I D !  < [BSN - T ENEXB ] 1 9 - J U L - 7 5  1 0 ! 4 3 ! 4 2 - EDT , WAT50N> 4  

5  P l e a s e  a d d  w a a l M s i  a n d  p r 0 b * b l y  t r l 0 l o  t o  d i s t r i b u t i o n •  T h a n h s  
D i c k  - - - - - - -
1 9 - J U L - 7 5  1 1 ! 0 5 ! 0 2 -EDT,  1  3  3 8  J  0 0 0  0 0 0 0 0 0  0 0  0  
M a i l  f r o m  BBN-T ENEXB r c v d  a t  1 9 - J U L - 7 5  HOS-EDF 
D a t e !  1 9  J U L  1 9 7 5  1 1 0 3 - E DT  
S e n d e r !  W A T 3 Q N  a t  BBM - T EM EXB 
S u b j e c t !  p r o n o s e d  s t r u c t u r e d  m e s s a g e  p r o t o c o l  
F r o m :  W A T S O N  a t  B B N - T E N E X B  
T O !  J W H I T E ,  P O S T E L ,  H O P P E F  
C C !  W A T S O N  
M e s s a o e - I D I  < [ B B N - T E N E X B ] 1 9 - J U L - 7 5  1 1 ! 0 3 i O i - E D T . W A T S Q N >  5  

6  T h e r e  i s  l o t s  o f  m o m e n t u m  b u i l d i n g  U P  b e h i n d  t h e  p r o t o c o l ,  
y e z z a  h a s  a o p r c v e d  i t ,  I S I  i s  l i k e l y  t o  u s e  i t .  B B N  i s  p l a n n i n g  t o  
i m p l e m e n t  i t .  I f  w e  a r e  t o  i m p a c t  i t  w e  n e e d  t o  r e p l y  t h e  w e e k  a f t e r  
n e x t ,  
T h e  c o n c e r n s  I  h a v e  a b o u t  i t  a r e :  
1 )  s h o u l d  w e  r e c o m m e n d  t h a t  a  s e c o n d  d e s i g n  p a s s  b e  m a d e  t o  c o n s i d e r  
b a s l n q  i t  o n  D P S  e n t i r e l y ,  2 1  d o e s  i t  m a k e  s e n s e  f o r  o u r  m u l t i  h o s t  
j o u r n a l  i d e a s  a s  i s » _ 3 )  d o e s  i t  h a n d l e  N L S  f i l e s  w i t h  g r a p h i c s  a n d  
l i n k s  a s  m e s s a g e  b o d i e s  c o r r e c t l y  o r  a t  a l l .  4 )  w h a t  w o u l d  h a v e  t o  b e  
a d d e d  t o . D P S  t o  h a n d l e  t h e  r e a u e s t  r e p l y  . i d e a s  a s  p r o p o s e d  w i t h o u t  
a l l  t h e  i n t r o d u c e  p e r m a n e n t  c o n n e c t i o n  a p p r o a c h  o f  D p s ,  T  g u e s s  g i v e n  
t h a t  i f  t h i s  t h i n g  g o e s  t h r o u g h  w e  a r e  l i k e l y  t o  h a v e  t o  l i v e  w i t h  i t  
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J B P  2 1 - J U L - 7 5  1 8 : 3 5  2 6 1 6 1  

C h a r l e s  S h o u l d  m a k e  a  p a s s  t h r o U q h  i t  a l s o .  T h e r e  i s  a n o t h e r  c o u p l e  
h a r d c o p y  v e r s o n s  o n  m y  d e s k ,  J t m  c a n  y o u  p l e a s e  c o o r d i n a t e  t h e  v i e w s  
o f  t h e  f o u r  o f  y o u  a n d  p a s s  a c o p v  o f  t h i s  t o  C h a r l e s  a n d  w e  w i l l  p e t  
t o o e h t e r  a  w e e k  f r o m  m o n d a v  -  i t  w o u l d  e v e n  h e  u s e f u l  I f  y o u  c o u l d  
h a v e  a  d r a f t  r e p l y  a s  a  s t r a w m s n .  T h a n k s  D i c k  - - - - - - -
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JBP 21"JUL«75 18 ! 35 26162 
frail from Watson 

1 18-JUL-75 lOt45!2O-EDT,725JOOQOOOOOO0OO 
Wail from BBN-TENEXB rcvd at 18-JUL-75 1045-EDT 
Date: 18 JUL 1975 1043-EDT 
Senders WATSON at BBN-TEMFXB 
Subjects Meeting between mvself and Postal to Review some things 
before I go away for a week From* WATSON at BBN*TENEXB 
To! POSTEL 
COS WATSON, IRBY, EHAPDT. LEHTMAN# MICHAEL 
Message-ins <TBBN-TENEXBLLR-JUL-75 101 43!S3-EDT,WATSON* 1 

2 jon, i would like to get. from vou drafts of milestones, Ehardt PDP 
11 memory position pacer, ana r ehtman NLS WM interface paner by 2!00 
today so I can review them and then meet with vou and others if 
needed starting at 3f00 as I would like them to go out either by end 
of today or early next wee* while I'm qone and want chance to make 
one more cass at them, Thanks Dick -------
1B-JUL-75 10!58!40-EDT,1660jFT00000000000 
Mail from BBN-TENEXB r cvd at 1R-JUL-75 1058-EDT 
Date: J8 JUL 1975 1056-Fnx 
Sender! WATSON at BBN-TENEXB 
Subject! DEX 
From! WATSON at BBN-TENFXB 
To! BF.LLFVILLE# LEHTMAN 
Cc! WATSON, kremers at SRI-AT, POSTEL, MICHAEL, CORNISH 
Message-ID! <[BBN-TENEXB]18-JUL-75 10i56 I12-EDt,WATS0N> 2 

3 narvey, Boh, Doug feels nretty strongly Ci think very) that the 
think Diece gn the small 11 fionpv disk type Dex paper needs to Sit 
in a paper with whole dex spectrum of which he feels thats one 
probable end point', if possible i would like to get together with vou 
two at 1!00 to talk about It and anyone else that might be interested 
. Norton considers pex his number one development need, 
I see a staged sort of development plan, 
stage 0 lust petting whats there working and its requirements on 
hardware etc clear, stage 1 to stane n where depending on how we 
feel n could be small or laroe more editing capabilities in cassette 
type Dex. stage n+1 pdp* !l floppy disk dex. 
Someplace in all this has to be better interface to sequential world 
I think or maybe that just falls out of NSW file things I do not 
know. Anyway in thinking_about markettina over next n months.I know 
Development has to have individuals with some time to deal with 
specific application areas. The DPCS area has three main components 
Graphics, Dex and evolution of Output Processor and portrayal 
generaltion. Am assuming Bob and Elizabeth are key people to help 
formulate oians here awith help from others as needed, Jan K and C 
are Involved as J K is doing something about stage 0, J c may aet 
involved in bullying stage i with utility funds but thats not clear 
yet, Dick -------
18-JUL-75 11!11!02-EDT,586 »000000000000 
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JBP 21-JUL-75 1 P ! 35 26162 
mail from watsen 

Mall from BBN-TENEXB rcvd at 18-JUL-75 1111-EDT 
Date J 18 JUL 1975 1101-EDT 
Senders WATSON at BBN-TENEXB 
Subject; milestones 
from; WATSON at BBN-TENEXB 
TO! POSTAL 
Cc! WATSON 
Message-ID! < tBBN-TENEXB]18-JUL-7 5 11101;18-EDT.WATSON> 

4 jon* the sub N5W areas should probably have meetings next week so 
everyone knows what to charge and can review his Individual 
milestones. Besides the milestones that go out to MCA I would like 
more detailed ones bv individual so we have a better DEWline system 
to see if we are sliding off the plan and need to reformulate. Thanks 
D j . C K  m m m m m m m  
1 9""JUL-75 1014.4 152-EDT. 3471000000000000 
Mail from BBN-TENEXB rcVd at 19-JUL-75 1044-EDT 
Dates 19 JUL 1975 1043-EDT 
Senders '"ATSON at BBN-TENEXB 
Subject! distribution of PDP 11 core doc 
From; WATSON at BBN-TENEXB 
To; EFARDT, POSTEL 
CC! WATSON 
Message-ID! <[BBN-TKNEXBI19-JUL-75 10!43I42-EDT.WATSON> 

5 Please add waalMsi apd pr0hablv triolo to distribution. Thanks 
DiCk W-mwmmm 
19-JUI-75 11805102-EDT*13381000000000000 
Mail from BBN-TENEXB rcvd at 19-JUL-75 1105-EDT 
Date! 19 JUL 1975 1103-EDT 
Sender; WATSQN at BBN-TEMEXB 
Subject! proposed structured message Protocol 
From; WATSON at BBN-TENEXB 
To; JWHITE * POSTEL, HOPPER 
Cc! WATSON 
Message-ID! <CBBN-TENEXB]19*JUL"75 11»03 ! 01-EDt.WATS0N> 

6 There is lots of momentum building up behind, the protocol. 
Vezza has approved it, ISI is likely to use it. BBN is planning to 
implement it. If we are to impact it we need to reply the week after 
next. 
The concerns I have about it are; 
1) should we recommend that a second design pass be made to consider 
basing it on DPS entirely, 21 does it make sense for our multi host 
journal ideas as is, 31 does it handle NLS files with graphics and 
links as message bodies correctly or at all, 4) What would have to be 
added to.DPS to handle the request replyideas as proposed without 
all the introduce permanent connection approach of Dps, I guess given 
that if this thinO Does through we are likely to have to live with it 
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mall from Watson 
JBP 2WUL*75 18 ! 35 26162 

Charles should make a pass tnrpuoh it also. There is another couple 
hardcopy verscns on my desk, Jim can you please coordinate the views 
of the four of you and pass acoov of this to Charles and we win get 
togehter a week from mondav - it would even be useful if you could 
have a draft reply as a strawman. Thanks Dick ------- 6 

3 



m a l l  f r o m  W a t s o n  
J B p  2 1 - J U L - 7 5  1 8 ! 3 5  2 6 1 6 2  

C J 2 6 1 6 2 )  2 1  " - J U L - 7 5  1 8 i 3 5 n ! !  T i t l e !  A U t h o r f s l !  J o n a t h a n  8 .  
P o s t a l / J B P ?  D i s t r i b u t i o n !  / J R P C  r  I N F 0 » 0 N L Y  3  1  t  S u b - C o l l e c t i o n s i  
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C u r r e n t .  ( 1 5 - J U t * 7 5 I  C a s s e t t e  R e s t r i c t i o n s  

l a l  1 )  r e w i n d  

l a 2  2 )  r e c o r d  

1  a 3  3 )  s t o p  r e c o r d  

l a 4  4 )  r e a d  

1 * 5  5 )  s t o p  r e a d  

l  T h e  f o l l o w i n g  r e s t r i c t i o n s  c u r r e n t l y  a p p l y  t o  t h e  u s e  o f  t h e  
C A S  S E T T S *  u t i l i t y , a n d  D E X * ,  S o f t w a r e  n o t i f i c a t i o n s  t o  b e  m a d e  w i t h i n  
t h e  n e x t  w e e k s  w i l l  o t t e r  g r e a t e r  s e c u r i t y  o f  d a t a  c a p t u r e  t h r o u g h  
t h e  n e t w o r k  a n d  w i l l  p e r m i t  a  w i d e r  v a r i e t y  o f  c a s s e t t e  h a r d w a r e  t o  
b e  u s e d ,  b u t  p r o b l e m s  w i t h  t h e  n a t u r e  o f  t h e  T I P  d e v i c e  ( w h i c h  w a s  
n o t  d e s i g n e d  w i t h  t h e  c a s s e t t e  p r o c e s s  i n  m i n d }  p r e c l u d e  m a j o r  
i m p r o v e m e n t s  w i t h o u t  f u r t h e r  d e v e l o p m e n t s  w h i c h  w i l l  b e  o u t l i n e d  i n  
l a t e r  n o t e s ,  1  

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

l a  

l a l  

1 * 2  

l a 3  

l a 4  

1 * 5  

l b  A d d i t i o n a l  c a s s e t t e  h a r d w a r e  s o e c i f i c a t i o n s  m a y  b e  f o u n d  i n  t h e  
W O R K S T A T I O N  E Q U I P M E N T  P E F E P F N C E  m a n u a l ,  N I C  #  2 3 8 0 9 ,  l b  

l e  A t  p r e s e r t  ( 7 / 1 5 / 7 5 5  t h e  o n l y  ( J )  s p e c i f i c  c a s s e t t e  d r i v e s  
s u p p o r t e d  a r e  t h e  f o l l o w i n g :  

l e  

1 C 1  I C P - T E R M I C E T T E  3 1 0 0  1 c 1  

t c 2  T E C H T P A N  4 1 0 0  
1  c 2  

I d  O p e r a t i o n  o f  t h e  C A S S E T T E  U T I L I T Y  a n d  h e n c e  D E x  i t s e l f  c a n n o t  
b e  0 u a r a n t e e d  w h e n  a n y  o t h e r  t v p e  o f  d r i v e  i s  u s e d .  T h i s  l i s t  
w i l l  b e  e x p a n d e d  i n  t h e  f u t u r e .  I d  

l e  » t  t h e  P r e s e n t  t i m e  c a s s e t t e  i n p u t  t h r o u g h  l i n e  P r o c e s s o r  
t e r m i n a l s  i s  n o t  s u p p o r t e d .  T h i s  f a c i l i t y  w i n  b e  a v a i l a b l e  i n  t h e  
n e w  v e r s i o n  c f  t h e  C A S S E T T E  U T I L I T Y ,  l e  

I f  W h e n  t h e  C A S S E T T E  U T I L I T Y  i s  u s e d  o n  a  T i p  l i n e  o n e  m u s t  b e  
a b s o l u t e l y  s u r e  t h a t  t h e  s i r e  o f  t h e  T I P  b u f f e r  f o r  t h e  l i n e  b e i n g  
u s e d  i s  g r e a t e r  t h a n  t h e  s i z e  o f  t h e  l o n g e s t  t a p e  r e c o r d  t o  b e  
p r o c e s s e d .  T h i s  r e s t r i c t i o n  i s  n e c e s s a r y  b e c a u s e  t h e  c a s s e t t e  
d r i v e  c a n n o t  b e  s t o p p e d  w h i l e  i t  i s  r e a d i n g  a  r e c o r d ,  i f  t h i s  r u l e  
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J H K  H G L  2 1 - J U L - 7  5  l 9 l 2 4  2 6 1 6 3  
C u r r e n t  f 1 5 » j U t " 7 5 )  C a s s e t t e  R e s t r i c t  i o n s  

i s  n o t  f o l l o w e d ,  t h e  p r o g r a m  w i l l  h a n o ,  d r o p  c h a r a c t e r s  a n d  i n  
g e n e r a l  b e h a v e  i n  a n  u n p r e d i c t a b l e  a n d  u n r e l i a b l e  m a n n e r ,  i n  s o m e  
c a s e s ,  m o d i f i c a t i o n s  t o  t h e  s i z e s  o f  b u f f e r s  u s e d  f o r  c a s s e t t e  
i n p u t  w i l l  h a v e  t o  h e  a r r a n o e d  w i t h  t h e  N e t w o r k ;  C o n t r o l  C e n t e r  t o  
f o l l o w  s p e c i f i c a t i o n s  o f  A R C .  I f  t h e r e  i s  d i f f i c u l t y  o e t t i n o  a l l  
d a t a  t h r o u o h  t h e  n e t w o r k ,  A R C  s h o u l d  h e  c o n s u l t e d  w i t h  i n f o r m a t i o n  
a b o u t  t h e  T I P  u s e d ,  t h e  T I P  p o r t ,  a n d  t h e  t a p e  r e c o r d  s i z e ,  i f  

l a  w h e n  t h e  C A S S E T T E  U T I L I T Y  i s  u s e d  v i a  a  T E L N E T  c o n n e c t i o n  t h e  
T E L N E T  e s c a p e  C h a r a c t e r  m u s t  b e  c h a n g e d  t o  s o m e t h i n g  o t h e r  t h a t  
t h e  d e f a u l t  * Z ,  C " * W  i s  r e c o m m e n d e d ) ,  T E L N E T  m u s t  a l s o  b e  t o l d  t o  
o n e r a t e  i n  " t r a n s p a r e n t  m o d e "  t o  a v o i d  i n t e r c e p t i o n  o f .  c o n t r o l  a n d  
s p e c i a l  c h a r a c t e r s  f r o m  t h e  t a p e ,  I d  

l h  w e  a r e  I n  t h e  p r o c e s s  o f  i n v e s t i o a t i n a  t h e  CASSETTE p r p h l e m  a n d  
h o p e  t o  h a v e  a  s o m e w h a t  m o r e  r e l i a b l e  s o f t w a r e  p a c k a g e  a v a i l a b l e  
w i t h i n  t h e  n e x t  f e w  w e e k s ' .  T h e  a b o v e  r e s t r i c i o n s ,  h o w e v e r ,  w i l l  
r e m a i n  i n  f o r c e .  P r o b l e m s  a n d  q u e s t i o n s  c o n c e r n i n g  t h e  D E X  a n d  
C A S S E T T E  U T I L I T Y  s y s t e m s  s h o u l d  b e  f o r w a r d e d  t o  L E H T M A N ^ B B N B ,  o r  
K R E M E R S B B B N E ,  l h  
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C u r r e n t  ( 1 5 - J U L - 7 3 )  C a s s e t t e  R e s t r i c t i o n s  
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2 6 1 6 3  D i s t r i b u t i o n  
l a  D o u g l a s  C ,  E n g e l b a r t ,  M a r t i n  E ,  H a r d y ,  J .  D .  H o p p e r #  C h a r l e s  H ,  
I r b v #  H a r v e v  G «  L e h t m a n #  j a n e s  C  •  M o r t o n #  J e f f r e y  C *  P e t e r s #  D i r k  H »  
V a n  N o u h u v s #  K e n n e t h  E ,  ( K e n ?  V i c t o r #  R i c h a r d  W ,  W a t s o n #  D o n  I .  
A n d r e w s #  J a n  H ,  K r e m e r s ,  J a n e s  C ,  N o r t o n #  
l b  M a r y  A n n  K e l i a n #  B u d d i e  J ,  P i n e #  A n d v  P o o o i o #  D a v i d  L ,  R e t z #  L a u r a  
J .  M e t z g e r #  K a r o l v n  J * .  M a r t i n ,  J a n  A ,  C o r n i s h ,  L a r r y  L ,  G a r l i c k ,  
P r i s c i l l a  A .  w o  i d ,  P a m e l a  K ,  A l l e n ,  D e l o r s e  M ,  B r o o k s ,  B t v e r l v  B o l l ,  
R i t a  H y s m i t h #  L o g  A u g m e n t a t i o n #  J o s e p h  L ,  E h a r d t #  R a y m o n d  R ,  p a n k o ,  
S u s a n  G a i l  R o e t t e r ,  P o b e r t .  L o u i s  B e l l e v i l l e ,  R e n e  C ,  O c h o a ,  A n n  
W e i n b e r g ,  J o a n  H a m i l t o n ,  A d r i a n  C .  M c G i n n l s ,  R o b e r t  s .  R a t n e r ,  D a v i d  
S .  M a y n a r d ,  R o b e r t  N ,  L i e b e r m a n ,  s a n d y  L ,  J o h n s o n ,  J a m e s  H ,  P a i r ,  
J e a n n e  M ,  L e a v i t t ,  R o d n e y  A ,  B o n d u r a n t ,  J e a n n e  M ,  B e c k ,  M a r c i a  L .  
K e e n e v ,  E l i z a b e t h  K .  M i c h a e l ,  J o n a t h a n  B ,  P o s t e l ,  E l i z a b e t h  J .  
F e i n l e r ,  K i r k  E ,  K e i l e v ,  u ,  D e a n  M e v e r #  J a m e s  E ,  ( J i m )  w h i t e  
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HGL 21-JUT.-75 20 !  44 26164 
Some TIP buffer sizes 

1 The followinc list of TIP buffer assignments was provided by Joel 
Malman of the Network control center on 16 and 18 juiv. They should 
be useful in the analysis of Cassette Problems. The list of TlPs was 
obtained from applications! there are a few others which should also 
he included (such as RADC?) Numbers are octal. Input buffers are 
measured in words at two characters per word. ^.Output buffers are 
double buffered? therefore the output buffer listed may be taken as 
the octal buffer size in characters. Except for AMEs and Tymshare* 
the list was compiled over the phone and may be incorrect in Places 
due to mv stenographic ineptitude, 

2 Note also the fact that Joel expressed shock that we would even 
consider putting the TIP which was designed "for people typing at 
keyboards" to use in the middle of a cassette based system. There is 
no flow control in the TIP and buffers will 

3 AMES? 
PORT INBUF QUTBUF 
i#2 253 527 (9600/96O0 SCOPE 1 
3-64 3 4 71 (300 MODEMS) 
65 1 1 (SPARE) 
66 34 162 (150/1200 TTY) 
67 . 1 1 (SPARE) 
70-74 34 71 (300 MODEMS) 
75 1 1 ( SPARE) 
76-77 34 71 (300 MODEMS) 

4 AppA !  
PORT INBUF OUTBUF 
1 0 173 
2 244 511 
3 122 164 
4 122 173 
5-7 122 164 
10 122 173 
11 104 51 
12-77 44 51 

5 KIRKLAND! 
PORT INBUF OUTBUF 
1-3 266 554 
4-7 1 3  3 266 
10-17 55 133 
20-37 26 55 
40-77 13 26 

6 MITRF! 
PORT INBUF OUTBUF 
2-7 17 37 

i 



S o m e  T T P  b u f f e r  s i z e s  
H G L  2 W U L - 7 5  2 0 : 4 4  2 6 1 6 4  

1  0  3 7  1 7 6  
1 3  1 7  3 7  
1 6 , 1 7  3  2  
2 0 - 2 6  1 7  3 7  
2 7  7 7  1 7 6  
3 0 - 3 3  3 7  3 7  
3 4  7 7  1 0 4  
3 5 - 3 7  3  7  3 7  
4 0 , 4 1  7 7  2 0 4  

7  R M t i :  
P O R T  I N B U F  Q U T B U F  
1  1 0  2 1  
2  3 7  7 7  
3 - 1 4  1 0  2 1  
1 5  2 1  4 2  
1 6 - 2 5  1 0  2 1  
2 6  3 7  7 7  
2 7 - 3 4  1 0  2 1  
3 5  5 0  2 1  
3 6 - 6 1  1 0  2 1  
6 2  1 1  6 3  
6  3 - 6 5  1 0  2 1  
6 6  3 1  6 3  
6 6 - 7 7  1 0  2 1  

8  R U T G E R S :  
P O R T  I N B U F  O U T B U F  
2 - 5  2 2  4 4  
6 - 1 0  4  6  
3  1 - 1 2  2 2  4 4  
1 3  4  6  
1 4  2 2  4 4  
1 5 , 1 6  4  6  
1 7  4 4  1  1  1  
2 0 - 3 3  4  6  
3  4 , 3 5  1  1 1  2 2  3  
3 6 - 6 3  4  6  
6 4  0  1 5 6  
6 5  0  2 2 3  
6 6 - 7  1  4  6  
7 2  1  1  1  2 1 5  
7 3 - 7 7  4  6  

9  S D A C :  
P O R T  I N B U F  O U T B U F  
1  2 2  7 0  
2  2 2  1 6 0  
3 - 5  2 2  7 0  

2 



H G L  2 1 - J U L - 7 5  2 0  !  4 4  2 6 1 6 4  
S o m e  T I P  b u f f e r  s  l-z e  s  

6  4 0  2 1 4  
7  2 2  7 0  
1 0 - 1 2  4 0  2 1 4  
1 3  2 2  7 0  
1 4  2 2  1 2 4  
1 7  1 5 1  1 6  
2 1 , 2 3  , 2 6  2 2  1 6  

1 0  T Y M S H i  
P O R T  I N B U F  O U T B U F  
1 - 1 4  1 0 1  6 4  ( 3 0 0  M O D E M S 3  
1 5 , 1 7  2 0 2  2 0 2  ( 2 0 8 A  E X T E R N A L  10  
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s o m e  U P  b u f f e r  s i z e s  

H G L  2 W U L - 7 5  2 0 1 4 4  2 6 1 6 4  

C J 2 6 1 6 4 )  2 1 - J U L - 7 5  2  0  s  4  4 : s  ?  ?  T i t l e s  A u t h o r f s ) ;  H a r v e v  G ,  
L e h t m a n / H G L f  D i s t r i b u t i o n !  A 7 C N C  t  A C T I O N  1  5  R W W (  t  A C T I O N  3  3  M E H C  C  
A C T I O N  3  )  J H K (  T  A C T I O N  3  )  S G R f  t  A C T I O N  3  3  S R l - A R C C  I  I N F O - O N L Y  3  3  
j  S u b - C o l i e c t i o n s i  S P I - A R C j  C i e r k i  M G l j  
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JBP 2WUL-75 22. 47 261*5 
Weekly Report 

1 Last Keek 1 

la new Protocols la 

lal worked not at all on updating the file package document as 
agreed to at the june protocol meeting lai 

la2 worked on, the "psepd© user telnet" Program for old tool 
interaction la? 

lb project management lb 

lb! Task/People/Time Chart lbl 

ib2 Milestones *b2 

lb3 Budget lb3 

tc operations at isic lc 

lei JSYS Traps fixed (it was a hardware Problem) 

id aroa protocols Id 

Id! Put 4 BFCs online at Offiee-1 !dl 

ld2 Read "Message protocol" report Jd2 

ld-3 Rea«j INWG notes ld3 

2 Next Keek 2 

2a nsw protocols 2a 

2a! get the "Pgeudo user telnet" Program for old tool 
interaction tc an operational state 2al 

2a2 complete updating the file package specification documents 2a2 

2b project, management 2b 

2b1 send milestones to compass 2bl 

2c operations at isic 2c 

2c1 Next goal is to have NLS as standard Nls at ISIC 2cl 

2d area protocols 2d 
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2 d 2  F e a d  INWG n o t e s  2 d 2  

2 d 3  F e a d  N e t w o r k  M e a s u r e m e n t  n o t e s  2 d 3  
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1  I n t  r  o d u c t  i o n  1  

l a  T h i s  d o c u m e n t  l i s t s  t h e  e r r o r s  c u r r e n t l y  d e t e c t e d  a n d  r e p o r t e d  
b v  D P S - l p i  t n e t r  m n e u r n . o n i c s  w i t h i n  t h e  D P S  s o u r c e  c o d e ,  t h e i r  
n u m b e r s  i n  d e c i m a l #  a n d  t h e i r  a s s o c i a t e d  d i a g n o s t i c  m e s s a g e s ,  
E r r o r  n u m b e r s  g r e a t e r  t h a n  1 0 0 0  m a y  o c c a s i o n a l l y  b e  r e p o r t e d #  a n d  
a r e  g e n e r a t e d  b y  D P S  *  H O  r u n t i m e  e n v i r o n m e n t ,  l a  

2  % d a t a  s t r u c t u r e s %  2  

2 a  e d d d s t  s  1  ! !  7 H  •  •  2  a  

XT
 e d d i c e y  s  2  " D u p l i c a t e  k e y . "  2 b  

2 c  e d d r k y  s  3  " K e y  h a s  k e y . "  2 c  

2 d  e d d s t o  a  4  " D u p l i c a t e  d a t a  s t o r e  n a m e . "  2 d  

2 e  e d i i d x  s  5  " I l l e g a l  I N D E X . "  2 e  

2  €  e d i p d l  =  6  " I l l e g a l  P S E L / D S E L » "  2 £  

2 a e  d  i  u  1  f  =  7  " I l l e g a l  U S E R I N F O , "  2 g  

2 h  e d m k e y  =  8  " M i s s i n g  k e y . "  2 h  

2 1  e d o d c l  a  9  " L I S T  t o o  l o n g  t o  d e c o d e , "  2 1  

2 1  e d o l s t  *  1 0  " M a x i m u m  L I S T  s i t e  e x c e e d e d . "  2  j  

2 k  e d o s t r  =  1  1  " C H P S T R  t o o  l o n g  t o  d e c o d e . "  2 k  

2 1  e d u f t y  a  1 2  " U n d e f i n e d  d a t a  t y p e . "  2 1  

2 m  e d u i t y  s  1 3  " U n d e f i n e d  i n f o r m a l  d a t a  t v P e . "  2  m  

2 n  e d u s t o  =  1 4  " U n d e f i n e d  d a t a  s t o r e  n a m e . "  2 n  

2 o  e d w e s l  =  1 5  " N o n - L I S T  a d d r e s s e d  n y  E S E L , "  2 o  

2 o  e d w i d x  =  1 6  " N O  s u c h  I n d e x , "  2 P  

2 a  e d w k e y  =  n " N 0  s u c h  k e y . "  2 q  

2 r  e d w t y p  =  1 8  " W r o n g  d a t a  t y p e . "  2 r  

2 s  e d w p m c  *  1 9  " I n c o r r e c t  n u m b e r  o f  p a r a m e t e r s , "  2 s  

2 t  e d e a b c  =  2 0  " D a t a  s t r u c t u r e  o v e r f l o w s  S O U R C E  b l o c k , "  2 t  

1 
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3 %errors% 3 

3a eefimp s 51 "Not implemented." 3 a 

3b eefops s 52 "Operating system error," 3 b 

3c eemerr s 5 3 "Unidentifiable operating system error." 3c 

3d eeuern = 54 "Undefined error number," 3d 

3e eef110 s 55 "L10 run-time error," 3e 

%events% 4 

4a evfaeq * 101 "Won't delete ALQCH event,» 4a 

4b fVfjUV s 102 "Won't delete SIPR event," 4b 

4c evilen « 103 "Illegal event length," 4c 

4d evoecb • 104 "Event Overflow," 4d 

%folders% 5 

5a efOdrr, • 151 "Won't create record while folder drained," 5 a 

5b e f o r u n s 152 "RUNfLd overrun," 5b 

5c efulft s 15 3 "Undefined record information type," 5C 

5d efqrop s 154 "Undefined RUNFLD operation," 5d 

%inter-prooes s communication?; 6 

6a ecdeee 9 201 "Channel already created," 6a 

6b ecutyo = 202 "Undefined channel type," fib 

6c eewmnu s 203 "Channel type menu mismatch," 6 C  

6d ecwpkl « 204 "Inconsistent racket length," 6d 

%locks% 7  

7a e i f d e d  s  251 "Deadlock," 7a 

7b elf del x 252 "Sought lock deleted," 7 b  

7c elflek s  253 "Lock attempt failed'." 7  C  

? 
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7d elmswc z 254 

7e el^stK = 255 

7f elostk = 256 

70 Plistk a 257 

9 %pacKages% 

Sa ekfded = 301 

8b ekupkn a 302 

9 %proeedures% 

9a epfnoh = 351 

9b apfplo = 352 

9c epfsab « 353 

9d epfsin = 354 

9e epiaca = 355 

9£ epiaid a 356 
procedure'." 

90 eplhlp a 357 

9h epilnt = 358 

91 epimsk s 359 

91 epintg a 360 

9k eplotc = 361 

91 eplrel a 362 

9m epirsm » 363 

9n eplxbc = 364 

9o eptxin = 365 

9o epixnt = 366 

"Non-existent LCR to be swapped," 

"Lock stack underflow," 

"LOCK stack overflow." 

"Look stack surplus," 

"Pacxaoe dead," 

"Undefined psekaqe," 

"No help available," 

"No processor with sufficient priority, 

"Won't abort system procedure," 

"Won't interrupt system procedure," 

"Context prohibits ACOPE," 

"Context prohibits any action by local 

"Ccntext prohibits HLPPE," 

"Context prohibits INTPE," 

"Illegal argument/result list mask," 

"Context prohibits NTEPE." 

"Illegal system procedure outcome." 

"Context prohibits RELPE," 

"Context prohibits RSMPE." 

"Context prohibits call to XHLPPE," 

"Context prohibits call t.o XINTPE," 

"Context prohibits sending XNTEPE*" 

7d 

7e 

It 

7a 

8 

8a 

8b 

9 

9a 

9 b 

9c 

9d 

9e 

9f 

9a 

9n 

91 

9j 

9k 

91 

9m 

9n 

9o 

9P 

3 
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9a epixrc = 367 "Context prohibits sendina XRECPE," 9a 

9r epixrm = 368 "Context prohibits call to XRSMPE." 9r 

9s epixrn » 369 "Context prohibits sending XRTNPE," 9S 

9t epuotc = 370 "Undefined procedure outcome," 9t 

9u epurtn e 371 "Undefined return type." 

9v epusyn ® 372 "undefined svstem Procedure number," 9v 

9w epwvis = 373 "UnPlanned f0r visit." 9w 

9x epfgin = 374 "Procedure can't be Interrupted," 9x 

10 %processes% 10 

10A esdpoh z 401 "PQH alreadv associated with process." 10a 

10B esfded = 402 "Process dead," 10B 

loc esiosa * 403 "syntax enror in process addt." 10c 

lOd esircv = 404 "MO POH via which to receive message," 10D 

loe esisup « 405 "Not direct superior," 10e 

iOf esmpoh s 406 "MO PQH via which to send message," lOf 

10d esumso = 407 "undefined message number." 109 

iOh esuser » 408 "Undefined user name," 10h 

10i esuwtd s 40O "undefined watchdog code," 101 

10.1 eswoak = 410 10j 

11 %orocessors? 11 

lia erigtd w 451 "Context prohibits CTDPS," lla 

lib erintd » 452 "Context prohibits PTOPS," lib 

lie erisln » 453 "Not sinned in," He 

lid erorsb = 454 "ABE overflow," lid 

lie erosml = 455 "Small block overflow," lie 

4; 
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1 1 f  e r o w i n  =  4 5 6  " P r o c e s s o r  w i n d o w  o v e r f l o w , "  1  I f  

1 1 - 0  e  r  u  a  1  e  =  4 5 7  " U n d e f i n e d  e n t i t y  t y p e  a l l o c a t e d , "  l i d  

l i h  e r u i n f  s  4 5 6  " u n d e f i n e d  p r o c e s s  i n f o r m a t i o n  t y p e . "  1 1  h  

1 1 1  e r u o p n  =  4 5 9  " U n d e f i n e d  o p e r a t i o n  n u m b e r . "  H i  

l i j  e r u p m l  s  4 6  0  " U n d e f i n e d  p a r a m e t e r  l o c a t i o n , "  1 1  j  

I l k  e r u p s i  •  •  4 6 1  " U n d e f i n e d  P S I  c h a n n e l  n u m b e r , "  1 1 k  

1 1 1  e r u r d e  =  4 6 2  " U n d e f i n e d  e n t i t y  t y p e  r e a d , "  i l l  

1  1  I T  e r u s c p  s  4 6 3  " U n d e f i n e d  s c o p e , "  1  l r n  

1  i n  e r u s y c  =  4 6 4  "  u n d e f i n e d  s y s t e m  c a l l  n u m b e r , "  1  I n  

1  1  o  e  r  u  u  s  c  =  4 6 5  " U n d e f i n e d  u s e r  c a l l  n u m b e r , "  1  l o  

H p  e r u w r e  =  4 6 6  " U n d e f i n e d  e n t i t y  t v p e  w r i t t e n , "  1  I p  

1  l a  e r f  b e d  s  4 6 7  " P r o c e s s o r  d e a d . "  1 1  q  

1  l r  e  r  d  s  i  n  =  4 6 8  " P r o c e s s o r  a l r e a d *  s i a n e d  i n , "  1  l r  

% s t o r a g e %  1 2  

1  ? a  e * f e x h  =  5 0 1  " C F  s t o r d a e  i  e x h a u s t e d , "  1 2 a  

1 2 b  e m i e n t  =  5 0 2  " N e g a t i v e  e n t i t y  s i z e , "  1 2 b  

1 2 c  e m u e n t  •  5 0 3  " U n d e f i n e d  e n t i t y  t v p e , "  1 2 c  

% u n d e f i n e d  b a n d l e s %  1 3  

1 3 a  e a m h c a  =  5 5 1  " U n d e f i n e d  c a l l  h a n d l e . "  1 3 a  

1 3 b  e o m h c n  =  5 5 2  " U n d e f i n e d  c h a n n e l  h a n d l e . "  1 3 b  

1 3 c  e a m h d t  =  5 5 3  " U n d e f i n e d  d a t a  s t o r e  h a n d l e , "  1 3 c  

1 3 d  e q m h e v  =  5 5  4  " U n d e f i n e d  e v e n t  h a n d l e , "  1 3 d  

1  3 e  e a m h i k  =  5 5 5  " u n d e f i n e d  l o c k  h a n d l e , "  1  3 e  

1  3  f  e a r n h l s  x  5 5 6  " U n d e f i n e d  l o c k s e t  h a n d l e . "  1  3  f  

1  3  a  e a m h m a  =  5 5 7  " U n d e f i n e d  m a n a a e r  h a n d l e . "  1 3 g  

5 



JEW 22"JUL"75 1.5 1 3 4 26169 
DPSEPPS / DPS Error List 

13b egmhpk = 55R "Undefined package handle." 1 3h 

131 egmbpo s 559 "Undefined port handle," J 3  i 

13 j egmhpr = 560 "undefined processor handle," 131 

13k egmhps = 56 i "Undefined process ha ndie." 13X 

131 eombjsg s 56? "Undefined segment handle." 131 

1.3 m egmhsu = 563 "Undefined subprocess handle," 13m 

13n eqmhgv = 564 "Undefined system call handle," 1 3n 

13o egmhus = 565 "undefined user call handle," 13o 

%no more hardie s$ 14 

14 a ehohca = 601 "MO cell handle available." 14a 

1 4b eb 0bcn « 60? "NO cba n nel handle available," 14b 

14c ehohdt - 60 3 " M 0 data store handle available," 14c 

I4d eh 0hev ~ 604 "No eve nt handle available," 1 4d 

1 4e ehohlk * 605 " N 0  lock handle available," 1 4e 

1 4 f eh 0bls = 606 "N 0  IpCkset handle available," I4f 

1 4q ehohmo s 607 " M 0 manager handle available#" 14o 

1 4b eb 0bpk s 604 »N 0  package handle available," 1 4h 

141 ebohpo s 609 "MO port handle available." 141 

141 ebobor s 610 "No processor handle available," 141 

1 4 k ehohps » 611 "NO process handle available," 14k 

141 ehghso » 612 "NO segment handle available," 141 

14m ehohsu = 613 "NO supnrocess handle available." 14m 

H n o b 0  h s v = 614 "N 0  svstem call ha ndle available," 14n 

14o ebobas s 615 "MO user call handle available," 14o 

6 
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I Introduction 1  

ia This document describes the internal structure of a 
Distributed Programming System f D PS 3 nrocess on T enex. Mv 
apologies for the terseness of the document, nut time and computer 
resources are scarce. The reader is assumed to have as background 
for this present offering, a thorough understanding of the several 
more verbose pCp documents which have preceded it. The primary 
puroose of this document is to present to process imnlamenters the 
details of their interface with DPS, The services provided hy DPS 
are, roughly speaking, a superset of those described in previous 
documents. Comments, bug/deficiency reports, and questions are 
welcome, 

7 Fork structure 2 

2a A DPS process consists of. a  "controlling fork" (CF) 
containing the DPS implementation, and one or more "processina 
forks" (PFs 3 runnina beneath the CF, which contain user code. A 
PF requests the DPS services it needs bv executing JSYS 400, which 
the CF intercepts via fenex's JSYS trap facility and processes, A 
process' PFs are partitioned into one or more "subprocesses", the 
first called the "process_leader" and created as cart of the 
process' creation, The first PF of each subDrocess is called the 
"supprocess leader" and is created as part of the subprocess' 
creation, All PFs within a subprocess execute copies of the same 
SAV file, and the CF routes incoming procedure calls to the 
aoropriate supprocess and schedules its execution, in an available 
PF within that subprocess. 2a 

3 operations 3  

3a Three of the five low-level "operations" implemented by the 
CF and accessible via JSYS 400 -- IVDPS, RRDPS, and DRDPS --
provide the PFs with access to a whole set of DPS "virtual JSYSs" 
(VJSYSsl Implemented by the CF, Another two operations -- GTDPS 
and PTDPS -- provide the CF with access to a set of "virtual 
JUSRs" CVJUSBs? virtual jump-to-user's3 implemented bv the PFs, 
The final operation -- PGOPS -- provides a simple mechanism for 
VJUSR disoath for "sequential processors" CSPs3 which possess the 
fallowing two characteristicsi they are active onlv while 
executing VJUSRs, and thev execute one VJUSR at a time, 3a 

3b A PF declares itself t° be a s«guential processor bv means 
of a flag bit in the SIPR VJSYS, and then invokes PGDPS, PGDPS 
blocks the SP Until the first VJUSR is required. The SP executes 
the VJUSR whose number It finds in AC 0 (arguments in ACs i-4), 
and then returns its results via PGDPS, which again blocks the 
processor. An SP need never Issue either RDYPF or TSTEV/WAIFV, 3b 

1 
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3 c  P r o c e d u r e s  e x e c u t e d  h v  S P s  c a n  b e  a b o r t e d #  b u t  c a n n o t  b e  
i n t e r r u p t e d .  T o  a b o r t  a  p r o c e d u r e  i n v o k e d  v i a  t h e  P E C A L  V J U S P ,  
t h e  C F  i n t e r r u p t s  t h e  S P  o n  a  P S I  c h a n n e l  s p e c i f i e d  v i a  S l p p ?  t h e  
S P  m a v  e i t h e r  i g n o r e  t h e  i n t e r r u p t #  o r  n r o m o t l y  m a k e  a n  a b o r t  
r e tu rn  f rom PECAL.  SPs  need  no t  sunp ly  the  P E A B R ,  P E I N T #  o r  P E R S M  
V J U S P s .  3 c  

3 d  s o m e  o f  t h e  a r g u m e n t s  a n d  r e s u l t s  o f  c e r t a i n  o p e r a t i o n s  C a n d  
V j U S R s  a n d  V j S Y S s )  a r *  s t o r e d  i n  ! . ' b l o c k s " .  A  b l o c k  i s  M  +  l  
c o n t i g u o u s  v o r ^ s  o f  m e m o r v ,  o f  w h i c h  t h e  f i r s t  c o n t a i n s  a  h e a d e r  
( X W p  M # L )  a n d  t h e  n e x t  L #  d a t a ,  " A E { ;  C x ) s "  s t a n d s  f o r  t h e  A d d r e s s  
o f  a  B l o c k  C O N T A I N I N G  z e r o  o r  m o r e  x ' s  C o r  e x a c t l y  o n e ,  i f  " s "  i s  
a b s e n t ) .  " A B F  ( x ) s »  s t a n d s  f 0 r  t h e  A d d r e s s  0 f  a  B l o c k  F O R  z e r o  o r  
m o r e  x ' s  c o r  e x a c t l v  o n e ,  i f  « s "  i s  a b s e n t ) .  

3 d  

3 e  I V D P S  C O P  0 )  
I n v o k e s  V J S Y S .  3 e  

3 e l  A C C E P T S  I N  3 e l  

3 e 1  a  O S  X W D  3 e l a  

3 e l a l  o p  C O ] .  3 e t a l  

3 e l a 2  A B C  C  3 e l a 2  

3 e l a 2 a  X W D  3 e ) , a 2 a  

3 e l a 2 a l  e v e n t  h a n d l e  /  0  ( m e a n i n o  b l o c k )  3 e l a 2 a l  

3 e i a 2 a l a  ( s i g n a l l e d  u p o n  c o m p l e t i o n  o f  V J S Y S  
w i t h  c o m p l e t i o n  c o d e  =  X W D  s y s t e m c a l l  h a n d l e ,  
V J S Y S  n u m b e r ) ,  

3 e l a 2 a 2  V J S Y S  n u m b e r  

3 e 1  a 2 b  X W D  

3 e l a 2 b i  c a l l  h a n d l e  o n  w h o s e  b e h a l f  t h e  V J S Y S  i s  
b e i n a  e x e c u t e d )  /  0  

3 e l a 2 b i a  ( m e a n i n g  n o n e ) ,  

3 e l a 2 a l a  

3  e  1  a  2  a  2  

3 e l a 2 b  

3 e l a 2 b l  

3 e i a 2 b l a  

3 e l a 2 f c 2  A B F  ( u s e  b v  D P S  i n  r e t u r n i n g  V J S Y S  r e s u l t s )  
/  0  3 e l a 2 b 2  

3 e i a 2 h 2 a  ( i f  n o t  b l o c k i n g  o p e r a t i o n ) )  3 e i a 2 b 2 3  
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3 e l b  1 * 4 }  V J S Y S  a r a u m e n t s  3 e l b  

3 e 2  R E T U R N S  +  3 « 2  

3 e 2 a  s y s t e m c a i l  h a n d l e  i n  0  3 e 2 a  

3 e 2 t e  1 1  u n s u c c e s s f u l *  e r r o r  n u m b e r  i n  1  3 e 2 b  

3 e 2 c  2 s  s u c c e s s f u l ,  V J S Y S  r e s u l t s  i n  1 * 4  3 e 2 c  

3 f  R P D P S  ( D P  1 )  
R e t r i e v e s  r e s u l t s  o f  V J S Y S ,  3 £  

3 f 1  A C C E P T S  I N  3 f  1  

3 f l a  C s  X W D  o p  I M 3 .  s y s t e m c a i l  h a n d l e  3 f l a  

I f  l b  i s  A B F  ( u s e  b y  D P S  i n  r e t u r n i n g  V J S Y S  r e s u l t s )  3 f l b  

3 f 2  R E T U R N S  +  3 f 2  

3 f 2 a  1 1  u n s u c c e s s f u l ,  e r r o r  n u m b e r  i n  1  3 f 2 a  

3 f 2 b  2 s  s u c c e s s f u l .  V J S Y S  r e s u l t s  i n  1 * 4  3 f 2 b  

3 g  D R O P S  ( O P  2 3  
D i s c a r d s  r e s u l t s  o f  V j S Y S .  3 g  

3 g i  A C C E P T S  I N  3 g i  

3 a l a  O i  X W D  o p  ( 2 3 .  s y s t e m c a i l  h a n d l e  3 g l a  

3 a 2  R E T U R N S  +  3 t l 2  

3 g 2 a  u  u n s u c c e s s f u l ,  e r r o r  n u m b e r  i n  1  3 g 2 a  

3 g 2 b  2 1  s u c c e s s f u l  3 d 2 b  

3 h  S T O P S  ( C P  3 3  
G e t s  V J U S R  a r g u m e n t s  f r o m  D P S * .  3 h  

3 h i  A C C E P T S  I N  3 M  

3 h 1 a  0 :  Y W D  o p  ( 3 3 ,  u s e r c a l l  h a n d l e  3 h i a  

3 h l b  U  A B F  ( u s e  b v  D P S  i n  r e t u r n i n g  V J U S R  a r g u m e n t s !  3 h l b  

3 h 2  R E T U R N S  +  3 h 2  
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3 h 2 a  1 i  u n s u c c e s s f u l #  e r r o r  n u m b e r  i n  1  3 h 2 a  

3 h 2 b  2 :  s u c c e s s f u l #  3 b 2 b  

1 h 2 b i  X W D  3 h 2 b l  

3 h 2 h l a  V J U S R  n u m b e r #  3 h 2 b l a  

3 h 2 b l b  r e a u e s t l n g  p r o c e s s  h a n d l e  /  0  3 h 2 b l b  

3 h 2 b l f c i  ( m e a n i n g  l o c a l  D P S  e n v i r o n m e n t !  i n  0 ,  3 h 2 b l b l  

3 h 2 b 2  V J U S R  a r g u m e n t s  i n  1 - 4  3 h 2 b 2  

3 1  P T D P S  ( O F  4 )  
R e t u r n s  V j U S R  r e s u l t s  t o  D P S ,  3 i  

3 1 1  A C C E P T S  I N  3 1 1  

3 1 1 a  0 !  X W D  3 1 1 a  

3 1 1  a  1  o p  [ 4 3 ,  3 1 1  a  5  

3 i l a 2  A P C  (  3 i l a 2  

3 1 1 a 2 a  X W D  3 i l a 2 a  

3 i t a 2 a i  e r r o r  c o d e  /  0  ( m e a n i n g  s u c c e s s f u l ) #  3 i l a 2 a !  

3 1 1 a 2 e 2  u s e r e a l l  h a n d l e )  3 1 l a 2 a 2  

3 i l b  1 - 4 }  V J U S R  r e s u l t s  3 i l b  

3 1 1 b l  ( o r #  I f  e r r o r  c o d e  s p e c i f i e d ,  
b y t e  p o i n t e r  t o  A S e l Z  d i a g n o s t i c  i n  1 )  3 £  1 b 1  

3 1 2  R E T U R N S  +  3 1 2  

3 1 2 a  i i  u n s u c c e s s f u l #  e r r o r  n u m b e r  I n  1  3 1 2 a  

3 1 2 b  2 :  s u c c e s s f u l  3 i 2 b  

3 1  P G D P S  ( O F  5 )  
[ R e t u r n s  p r e v i o u s  V J U S P ' s  r e s u l t s  t o  D P S  a n d !  
g e t s  n e x t  V J U S R ' s  a r g u m e n t s  f r o m  d p s ,  3 1  

3  j  i  A C C E P T S  I N  3  j  1  

3 j 1  a  0 :  X W D  3 1  l a  
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3j1 at op [5], 31lal 

3jla2 ABC ( 31la2 

311a2a XWD 3jla2a 

3jla2ai error code / 0 3jia2al 

3lla2ala (weaning previous VJUSR 
successful/nanex istent), 31la2a la 

35ia2t2 ABf (use ov DPS in returning next VJUSR's 
arguments)) 3jla2a2 

3jlb 1*41 previous VJUSP's results 3jlb 

31ibl (Or, if error code specified, byte pointer to AsCIZ 
diagnostic in 13 3jlbl 

3j2 RETURNS + 3j2 

312a li unsuccessful, error number in 1 3j2a 

3j2b 2 1  successful 352b 

312b1 XWD next VjUSR number, requesting process handle / 
0 

3i2bla (meaning local DPS environment) in 0 

3 j 2b2 next. VJUSR * s arguments in 1-4 

4 VJSYSS for manipulating remote processes 

4a Processes 

431 CRTPS (VJSYS 1) 
Creates remote process. 

4a1 a ACCEPTS IN 

4ala! is byte pointer to ASCIZ process address 

4a 1 a 2 21 XWD 

4aia2a ABC TPCPB36 startup info) / 0 

4ala2ai (meaning EMPTY), 

31 2 b 1 

312b la 

31 2b2 

4 

4a 

4al 

4ala 

4alal 

4ala2 

4ala2a 

4ala2ai 

5 
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4al*2b ABC (bvte pointers to 4ala2b 

4aia2fcl ASCIZ user name# password# and account! 4ala2bl 

4a! a 3 3} xwo 4ala3 

4ala3a Package scope / 0 (meaning ooen no packages)# 4ala3a 

4ala3b process scope 4ala3b 

4ala4 4: XWD 4ala4 

4ala4a ABC ( 4ala4a 

4ala4al ABC (PCPB36 Package startup info) / 0 4ala4al 

4ala4ala (meaning EMPTY))S 4aia4ala 

4aja4a2 / o Cleaning all EMPTY)# 4aia4a2 

4ala4b ABC (bvte pointer to ASCiZ package name)s / 0 4a!a4h 

4ala4bl (if no packages to be opened) 4ala4bl 

Aaib RETURNS IN 4alb 

4albl is XWD A Bp (package handle)s« process handle 4albl 

4 a 2  D E I I P S  ( V J 5 Y S  2 )  
Deletes previously created remote process, 4a2 

4a2a ACCEPTS IN 4a2a 

4a2al 15 process handle / 0 (meaning all) 4a2al 

4*2b RETURNS IN 4a2b 

4a2fcl li cost in cents 4a2bl 

483 ITDPS (VJSYS 3) 
introduces two remote processes to one another, 4a3 

4a3* ACCEPTS IN 4a3a 

4a3ai is XWD 4a3ai 

4a3ala A8C (PCPB36 startuP info i) / 0 4a3ala 

4a3alai (meaning EMPTY)# 4a3aial 

6 
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4a3alb process handle 1 4a3aib 

4a3a2 2 1  XWD 4a3a2 

4a3a2a ABC (PCPB 36 startup info 2) / 0 4a3a2a 

4a3a2al (meaning EMPTY)# 4a3a2al 

4a3a2bproceis handle 2 4a3a2b 

4a3a3 3t xwd 4a3a3 

4a3a3a flags# 4a3a3a 

4a3a3a 1 BO ons looical channel only 4a3«3ai 

4a3a3b scope 4a3a3b 

4a3b RETURNS IN 4a3b 

4a3bi 1! introduction handle 4a3bl 

4a3b2 21 X«D ohl2# oh2i 4a3b2 

4«4 SEPPS CVJSYS 4) 
Separates two previously introduced remote processes. 4a4 

434a ACCEPTS IN 4a43 

4a4al It introduction handle / 0 (meaning all) 4a4ai 

4a4b RETURNS IN 434b 

4a4bi is cost i in cents 4a4bl 

4a4b2 2t cost 2  in cents 4a4b2 

4a5 INFPS CVJSYS 52) 
Retrieves information about a remote process, 4a5 

4S53 ACCEPTS IN 4a5a 

4a5ai It XWp information type, process handle 4a5al 

4a5b RETURNS IN 4a5b 

4a5b 1 If Information 4a5bl 

4b packages 4b 

7 
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4b1 OPNPK (VJSYS 51 
opens remote packaaes, 4bi 

4bia ACCEPTS IN 4bla 

4blal IS XWp scope# process handle 4blal 

4hla2 ?s XWD 4bla2 

4bla2a ABC ( 4bla2a 

4bla2ai ABC (PCPB36 startup info) / 0 4bla2ai 

4bla2ala (meaning E"PTY) 4bla2ala 

4bla2a? )s / 0 (meaning all EMpTy), 4bla2a2 

4bla2b ABC (bvte Pointer to ASCIZ package name)s 4bia.2b 

4b1b RETURNS IN 4blb 

4to 1 to 1 li ABC (package handle)s 4blbi 

4b2 CLSPK (VJSYS 6) 
Closes previously opened remote packages. 4b2 

4b2a ACCEPTS IN 4b2a 

4b2al is X^D orocess handle, ABC (package handlers 4b2al 

4b2b RETURNS IN 4b2b 

4b2bl is ABC (cost in centsls 4b2bl 

4c Procedures 4c 

4c1 CAtPF (VJSYS 7) 
Calls remote procedure*. 4cl 

4cla ACCEPTS IN 4cla 

4cial l! XWD 4elal 

4clala ABC (PCPB36 result list mask) / 0 4ciala 

4cia 1 a 1 (meaning LIST "(INDEX (CALLER])), 4clalal 

4clalb addr of Tenex-format procedure selector 4c!alb 

8 
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4c!a2 2; XWD 

4cla2a ABC (PCPE36 argument list mask) / 0 

4el«2al (meaning LIST (INDEX [CALLER])), 

4cla2b ABC (ARC (PCPB36 argument) / 0 (meaning 
EMPTY) )s / 0 

4cia2bi (meaning none) 

4cla3 3? priority 

4Clb RETURNS IN 

4cite1 1 J XWD 

4elbla outcome, 

4c1bib ABC (APC (PCPB36 result) / 0 (meaning EMPTY))s 
/ o 

4clblbl (meaning none) 

4clb? 2! cost in cents 

4c2 VlSPF (VjSYS 10) 
Visits remote callee/calier. 

4c2a ACCEPTS IN 

4c2al 11 XWD 

4e2aia ABC (PCPB36 result list mask) / 0 

4c2a1 a 1 (meaning LIST (INDEX [CALLER])), 

4c2alb call handle 

4c2a2 2! XWD 

4c2a2a ABC (PCPB36 argument list mask) / 0 

4c2a2ai (meaning LIST (INDEX [CALLER])), 

4c2a2b ABC (ARC (pCpB36 argument) / 0 (meaning 
EMPTY ) )s / 0 

4c2a2bi (meaning none) 

4c Ia2 

4cla2a 

4claZal 

4cla?b 

4cla2bi 

4cia3 

4c 1 b 

4c 1 b 1 

4clbla 

4clb lb 

4clblbi 

4clb2 

4 c 2 

4c2a 

4c2al 

4c2ala 

4e2aiai 

4c2alb 

4c2a2 

4c2a2a 

4c2a2al 

4c2a2b 

4c2s2b1 

9 
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4C2h RETURNS IN 4c2b 

4e2bl It X^D 4c2b 1 

4c2bia outcome, 4c2bla 

4c2blb ABC (ABC (PCPB16 result) / 0 (meaning EMpTY))s 
/ 0 4c2blb 

4c2bibi (meaning none) 4c2hlbl 

4c3 ALOCH (VJSYS 11) 
Allocates call handle for remote procedure call, 4c3 

4c3a ACCEPTS IN 4c3a 

4c 3a1 It xwo 4c3al 

4c3ala Drioritv, 4c3aia 

4c3a1b aadr Of Tenex-format procedure selector 4c3alb 

4C|b RETURNS IN 4C3b 

4c3bl It call handle 4c3bl 

4c4 FELCH (VJSYS 12) 
[Aborts remote callee an^l releases c«ll nan-sle. 4C4 

4C4A ACCEPTS IN 4C4E 

4c4a 1 It call handle / 0 (meaning all) 4c4al 

4C4b RETURNS IN 4C4b 

4c4bl It cost in cents 4c4bl 

4C5 ACOPE (VJSYS 13) 
Acoulres control from remote callee/caller, 4C5 

4c5a ACCEPTS IN 4c5a 

4csal It call handle 4c5al 

4c5b RETURNS IN 4c5b 

4c5b 1 It X'ND x 4c5bl 

4c5b1 a outcome, 4c5bla 

10 
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4c5blb ABC (ARC (PCPB36 result) ( 0 (weaning EHPTY))s 
/ o 4c5b lb 

4c5b 1 b 1 (meaning none) 4c5blbl 

4C6 RELPE (VJSYS 14) 
Releases control to remote callee/caller. 

4c6a ACCEPTS IN 4c6a 

4c6al 1! XWD 4c6al 

4c6ala ABC (PCPP 36 result list was*) / 0 4c6ala 

4c6alat (meaning LIST (INDEX (CALLER))), 4c6alal 

4C6alb call Dandle 4C6aib 

4c6a2 2! XWD 4c6a2 

4cfea2a ABC (PCPB36 argument list mas*) / 0 4cfia2a 

4c6a2a1 (meaning LIST (INDEX (CALLER])), 4c6a2al 

4c6a2b ABC (ARC CPCP636 argument) f 0 (meaning 
EMPTY))s / 0 4c6a2b 

4c6a2bi (meaning none) 4cfea2bl 

4c6a3 31 event handle 4cfea3 

4c6a3a (signalled upon return Of remote procedure with 
completion code = XWD call handle, outcome) 4c6a3a 

4c7 INTPE (VJSYS 15) 
interrupts remote callee, 4c7 

4C7S ACCEPTS IN 4c7a 

4c7a 1 H call handle / 0 (meaning all) 4c7al 

4C8 RSMPE (VJSYS 16) 
Resume previouslv interrupted remote callee, 4c8 

4C8A ACCEPTS IN 4c8a 

4c8al II call handle / 0 (meaning all.) 4c8ai 

11  
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4c9 NTEPE (VJSYS 17) 
Makes event known to remote caller. 4c9 

4C9a ACCEPTS IN 4c9a 

4c9al 11 XWn 4c9al 

4c9ala ABC (PCPB36 event description) / 0 4c9ala 

4c9alai (meaning EMPTY), 4c9aial 

4c9alb event rode 4c9alb 

4c j 0 HLPPE (VJSYS 20) 
Solicits belo from remote collet. 4cl0 

4c|0a ACCEPTS IN 4ci0a 

4ci0al 1: XWD 4Cl0al 

4cl0aia ABC (PCP336 problem description) / 0 4cl0ala 

4ci0alai Cmeanlno EMPTY), 4el0alal 

4eloaib problem Code 4cloaib 

4cl0b PpTUPMS 4c1 Ob 

4c1 Obi 1. ABC (PCPBlg solution) / 0 (meaning EMPTY) 4cl0bl 

4d Data Stores 4d 

4dl CRtDt (VJSYS 21) 
Creates remote data store, 4dl 

4dl« ACCEPTS IN 4dla 

4 d1 a 1 li XWD 4dlal 

4dlala scope, 4dlala 

4dlaib addr of Tenex-format data store selector 4dlalb 

4d1 a2 2: ABC (PCPB36 initial value) / 0 4dla2 

4dja?a (meaning EMPTY) 4dia?a 

4d2 DELDT (VJSYS 22) 
Deletes previously created remote data store, 4d2 

1 2  
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4d2e ACCEPTS IN 4d2a 

4d2al 1} addr of Tenex-fornat data store selector 4d2al 

4d3 ROOT (VJSYS 23) 
Reads remote data store, 4d3 

4d3a ACCEPTS IN 4d3a 

4d3al li addr of Tenex-format data, store selector 4d3al 

4d3b RETURNS IN 4d3b 

4d3fc1 ii ABC (PCPB36 value) / 0 Cmeanina EMPTY) 4d3bi 

4d4 WROT CVJSYS 24) 
Writes ren-ote data store. 4d4 

4d4a ACCEPTS IN 4d4a 

4d4al U XWD 4d4al 

4d4a 1 a ABC (PCPB36 value) / 0 (meaning EMPTY), 4d4ala 

4d4alb addr Of Tenex-format data store selector 4d4alb 

4d5 LCKDT (VJSYS 25) 
Locks remote data store, 4d5 

4d5a ACCEPTS IN 4d5a 

4d5al it XWr) 4d5a 1 

4d5ala scope, 4d5ala 

4d5alb addr of Tenex-format. data store selector 4d5alb 

4d5a2 21 XWD 4d5a2 

4d5a2a. flags, 4d5a2a 

4d5a2ai 80 on J abort if lock not sett-able 
immediately 4 d 5 a 2 a i 

4d5a2b lock type 4d5a2b 

4d5b RETURNS IN 4d5b 

4d5bi li datalock handle 4d5bl 

1 3  
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4 d 6  U L K D T  C V J S Y S  2 6 )  
U n l o c k s  p r e v i o u s l y  l o c k e d  r e m o t e  d a t a  s t o r e ,  4 d 6  

4 d 6 a  A C C E P T S  I N  4 d 6 a  

4 d 6 a l  i :  X W D  4 d 6 a l  

4 d 6 a l a  d a t a l o c k  h a n d l e ,  4 d 6 « l a  

4 d 6 a l b  a d d r  o f  m e n e x - f o r m a t  d a t a  s t o r e  s e l e c t o r  4 d 6 a i b  

4 e  C h a n n e l s  4 e  

4 e l  C P T C H  ( V J S Y S  2 7 )  
C r e a t e s  c h a n n e l  b e t w e e n  t w o  r e m o t e  p r o c e s s e s ,  4 e l  

4 e i a  A C C E P T S  I N  4 e l a  

4 e l a l  1.; XWD process handle 1, process handle 2 4 e l a l  

4 e i a 2  2 i  s c o p e  4 e l a 2  

4 e l b  p E T U p N g  I N  4 e l b  

4 e i f e i  1 1  c h a n n e l  h a n d l e  4 e i b l  

4 e l b 2  2 :  X W D  p o r t  h a n d l e  1 ,  p o r t  h a n d l e  2  4 e l b 2  

4 e 2  D E I C H  C V J S Y S  3 0 )  
D e l e t e s  p r e v i o u s l y  c r e a t e d  c h a n n e l  b e t w e e n  t w o  r e m o t e  
p r o c e s s e s ,  4 e 2  

4 e ? a  A C C E P T S  I N  4 e 2 a  

4 e 2 a i  u  c h a n n e l  h a n d l e  /  q  ( m e a n i n g  a l l )  4 e 2 a i  

5  V J S Y S s  f o r  m a n i p u l a t i n g  l o c a l  p r o c e s s  5  

5 a  s u b p r o c e s s e s  5 a  

5 « 1  C R T S P  C V J S Y S  3 1 )  
C r e a t e s  l o c a l  s u b P r o c e s s ,  6 a i  

5 a l a  A C C E P T S  I N  5 a l a  

5 a l a l  1 :  b y t e  p o i n t e r  t o  A S C I Z  s u b r r o c e s s  a d d r e s s  s a l a l  

5 a l a 2  2 8  X W D  5 a l a 2  

14  
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5ala2a scone, 5ala2a 

5ala2b ABC CPCPB36 startun info) / 0 5ala2b 

5ala2bi (meaning EMPTY) 5ala2bl 

5aia3 3: priority 5ala3 

5alb RETURNS IN 5alb 

5albl ii subprocess handle Salfcl 

5a2 DELSP CVJSYS 32) 
Deletes previously created local subprocess, 5a2 

5a2a ACCEPTS IN 5a2a 

5a2al 1J subprocess handle f 0 (meaning all) 5a2al 

5a2b RETURNS IN 5a2b 

5a2bi i: cost in cents 5a2bl 

5b Processors 5b 

5b1 CRTPP CVJSYS 33) 
Creates local processor. Sb! 

5bla ACCEPTS IN 5bla 

5b)al l: XWD scope* subprocess handle 5blai 

5bla2 21 XWD 5bla2 

5bla2a ABC (PCPB36 startup info) / o (meaning EMPTY), 5bla2a 

5bla2b priority 5ble2b 

5b lb RETURNS IN 5b1b 

5blb 1 II processorhandle 5b1bl 

5b2 DELPR CVJSYS 34) 
Deletes lQeal processor, 5b2 

5b2a ACCEPTS IN 5b2a 

5b2al 11 processor handle / 0 5b2al 

15 
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5h2ala (meaning all within suhProcess hut leader) 

5b2b RETURNS IN 

5b2bl is cost in cents 

5b 3 61PR CVJSYS 35) 
Signs in lac^l processor. 

5b3e ACCEPTS IN 

5b3ai ii byte pointer to ASCIZ process name 

5b3ala (ignored except from first process-leader 

processor) 

5b3a? ?; XWD 

5h3a?a flags 

5h3a2a! BO on? auto processor creation 

5b3a2ala CCF to create/delete Processors as 
required? ignored except from first 
process-leader processor) 

5b3a?a2 8i on? sequential processor 

5b ?a 1 a 

5b 2 b 

5b2b 1 

5b 3 

5b3a 

5 b 3 a 1 

5b3ala 

5b3a2 

5 b 3 a 2 a 

5b3a2ai 

5b3a2ala 

5 b 3 a 2 a 2 

5b3a2a2a (processor wi1 Use the PGDPS ooeration 
as Its VJU5P dispatch mechanism) 5b3a2a2a 

5b3a2a3 82 on? auto ready 5 b 3 a 2 a 3 

5b3a?V3a CCF will simulate a call to FDYPR after 
SIPR and after each PTDPS? processor need never 
invoke ROYPP explicitly) 5b3a2a3a 

5b3a2b ABC (byte pointer to ASCIZ Package name)s / 0 5b3a2b 

5b3a2bi (meaning none? list Index serves as an 
"internal package handle") 5b3a2bl 

5b3a3 3! QWD 5b3a3 

5b3a3a first pane of subprocess-globai storage 5b3a3a 

5b3a3ai (ignored except from subprocess leader), 5b3a3ai 

5b3a3b last page of subprocess-global storage 5b3a3b 

16 
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5b?a3bi (ionered except from subprocess leader? 
first, greater than last implies none), 

5b3a3e 0, 

5b3a3d psi channel / -1 (meaning none) 

5 b 3 a 3 d i (either f o r  vjt.iSR request event, or, for 
seguentlal processors, to abort a procedure) 

5b3b RETURNS IN 

5b3p1 i: xwo 

5b3a3bl 

5 b 3 a 3 c 

5b3a3d 

5b3a3dl 

5b 3b 

5b3bl 

5b3bla ABC (PCPB36 [sub)process for3 startup info) / 0 5b3bla 

5b3blai (meaning EMPTY), 5b3blal 

5b3blb event handle 5b3blb 

5b3blbi (signalled by CF to reauest a VJUSP with 
comoietipn code s XWD usercan handle, VJUSR 
number), 5b3blbl 

5b3b2 2S flags 5b3b2 

5b3b2a 80 on: local process is at root of tree 5b3b2a 

5b3p2b 81 on: local subprecess is process leader 5b3b2b 

5b3b2c 82 on: local processor is subprocess leader 5b3b2c 

5b4 RDYPP (VJSYS 36) 
ReadVS local Proccessor for next service reddest (INIPK / TPMPK 
/ PECAL / LFDDT / LWRDT), 584 

5c channels 5c 

5C 3 SNDCH (VJSYS 37) 
Outputs portion of PCPR36 data structure on local channel, 5el 

5c1 a ACCEPTS IN 5cla 

Sclal l: XWD ABC (portion), port handle Sclal 

5c2 RCVCH (VJSYS,40) 
inputs next portion of PCPP36 data structure from local 
channel, 5c2 

17 
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5c2a ACCEPTS IN Sc2a 

5c3al is port handle 5c2al 

5c2b RETURNS IN 5c2b 

5c7b 1 It ABC (Portion) 5c2bl 

5d Locks 5d 

5<31 CRTLK CVJSYS 41 ) 
Creates local lock, 5di 

5dia ACCEPTS IN 5dia 

Sdlal is scope Sdlal 

5dlb RETURNS IN 5dlb 

Sdlbl is lock handle 5dlbl 

5d2 DELLK (VJSYS 4?) 
Deletes loc«l lock. 5d2 

5d2a ACCEPTS IN 5d^a 

5d2ai Is lock handle / 0 (meaning all) 5<32al 

5d3 SETLK (VJSYS 43) 
Sets local lock, 5d3 

5d3a ACCEPTS IN Sd3a 

5d 3a 1 is XWD Sdlal 

Sd3ala scope (value ALL illegal)? 5d3ala 

5d3alb lock handle 5d3alb 

5d3a2 2S XWD 5d3a2 

5dla2a flags, 5d3a2a 

5d3a2«l RO ons abort If lock not settable 
immediatelv 5d3a2ai 

5d3a2h lock tvpe 5d3a2b 

5d3b RETURNS IN 5d3b 

18  
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5 d 3 b l  1 ;  l O c K s e t  h a n d l e  5 d 3 b !  

5 d 4  R E M L K  ( V J S Y S  4 4 )  
U n s e t s  l o c a l  l o c k ,  5 d 4  

5 d 4 a  A C C E P T S  I N  5 d 4 a  

5 d 4 a 1  i :  X W D  5 d 4 a l  

5 d 4 a i a  l o c k  h a n d l a #  5 d 4 a l a  

5 d 4 a l b  l o e k s e t  h a n d l e  5 d 4 a l h  

5 e  E v e n t s  5 e  

5 e l  C H T E V  ( V J S Y S  4 5 )  
C r e a t e s  l o c a l  e v e n t ,  5 e l  

5 e l a  A C C E P T S  I N  5 e l a  

S e i a l  I t  X W D  5 e l a l  

S e l a l a  s c o p e  ( v a l u e  k i t  i l l e g a l ) #  S e i a l a  

S e i a l b  p s t  c h a n n ® l  t o  b e  i n t e r r u p t e d  w h e n  e v e n t  
s i g n a l l e d  /  « i  B e i a l b  

S e l a l b l  ( m e a n i n g  n o n e )  S e i a l b l  

5 e l a 2  2 :  m a x  l e n g t h  5 e l a 2  

5 e l b  R E T U R N S  I N  5 e l b  

S e i b l  i f  e v e n t  h a n d l e  5 e l b l  

5 e 2  D E L E V  ( V J S Y S  4 6 )  
D e l e t e s  l o c a l  e v e n t ,  5 e 2  

5 e 2 a  A C C E P T S  I N  5 e 2 a  

5 e 2 a l  1 :  e v e n t  h a n d l e  /  0  ( m e a n i n g  a l l )  5 e 2 a l  

5 e 3  S I G E V  ( V J S Y S  4 7 )  
S i g n a l s  a  l o c a l  e v e n t ,  5 e 3  

5 e 3 a  A C C E P T S  I N  5 « 3 a  

5 e 3 a l  I t  e v e n t  h a n d l e  5 e 3 a l  

1 « J  



DPSJSYS / Dps-10 Programmerfs Guide 
JEW 22-JUL-75 15 8 40 26170 

5e3a2 28 completion code (non-zero) 5e3a2 

5e4 TSTEV (VJSYS 50) 
Tests for and clears signalled local event. 

5e4a ACCEPTS IN 5e4a 

5e4e 1 is event, handle 5e4al 

5e4b RETURNS IN 5e4b 

5e4b J is completion code / 0 (meaning unslgnalled) 5e4bl 

5e4b2 2s new length 5e4b2 

5e5 WAlEV (VjSYS 51) 
Waits for to be signalled and clears Canv] one of a list of 
local events. 5e5 

5e5a ACCEPTS IN 5e5a 

5e5ai is ABC (event handle)s 5e5al 

5esb RETURNS IN Se5b 

5 e 5 bi 11 XWD Sebbl 

5e5bla block offset to left-most signalled event 
handle, 5e5bla 

5e5blb new total length 5e5blb 

5e5b2 21 completion code for left-most signalled event 5e5b2 

6 VJUSRs implemented by (every processor in) everY subprocess 6 

6a Processors 6a 

ea1 SOPR (VJUSR n 
Signs out local processor, 6ai 

6b Packages 6b 

6b1 JNIPK (VJUSB 2) 
initializes local package for subprocess. 6bi 

6b1 a ACCEPTS IN 6bia 

6blal 18 internal package handle 6bial 

20 
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6blb RETURNS IN 6blb 

ftblbl 1! nackage version number 6blbl 

6h2 TRMPK (VJUSP 3) 
Terminates local package for subprocess, 6b2 

6b2a ACCEPTS IN 6b2a 

6b2al li internal Package handle 6b2al 

6c procedures 6c 

6C1 PECAL (VJUSP 41 
Calls local procedure on behalf of remote caller, 6cl 

6cla ACCEPTS IN 6cla 

ftelal 1! internal package handle 6clal 

6cla2 2 i  byte Pointer to ASCIE procedure na^e 6cla2 

6ela3 3! XWD 6cia3 

6cla3a call handle# 6cla3a 

6cia3b ABC ( 6cla3b 

6cia3bt ABC (PCPB36 argument) / 0 (meaning EMPTY) 6cla3bl 

6c1 a3b2 )s / 0 (meaning none) 6cla3b2 

6c lb RETURNS IN 6clb 

6Cibi II XWD sclbl 

6clbla outcome# 6clbla 

6clblb ABC (  6ciblb 

6clbic AB(- (P(*PB36 result) / 0 (meaning EMPTY) 6clbic 

6clbld )s / 0 (meaning none) feclbld 

6C2 PRINT (VJUSR 5) 
interrupts previously called local procedure 
on behalf of remote caller. 6c2 

6c2a ACCEPTS IN 6c2a 

2 1  
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6c2al l: rail handle 6c2al 

6c3 PERSV (VJUSR 61 
Resumes previously interrupted local procedure 
on behalf of remote caller. 6c--

6c3a ACCEPTS IN f>c3a 

6c3al 1! call handle 6c3a! 

6C4 PEABP (VJUSR 7) 
Aborts previously called local procedure 
on behalf of remote caller. 6c4 

6c4a ACCEPTS TN 6c4a 

6c4a! 1I cal.1 handle 6c4al 

6c5 PENTE (VJUSR 10) 
Makes „vent detected bv remote callee Known to local caller. 6c5 

6c5a ACCEPTS in &c5a 

6 C 5 a ,1 II XWD 6c5ai 

6c5ala call handle for local caller* 6c5ala 

6c5a1b call handle for remote callee 6c5alb 

6c5a2 21 XWD 6c5a2 

6c5a2a ABC (PCPB36 event descr lot ion) / 0 (Tanina 
EMPTY)* 6c5a2a 

6c5a2b event code 6c5a2b 

6c6 PEHIF (VJUSR 11) 
Solicits heln from local caller on behalf of remote callee. 6c6 

6C6S ACCEPTS IN 6C6a 

6c6a1 II XWD bcfcal 

fecfeala call handle for local caller* 6c6aia 

6c6alb call handle for remote callee 6c6alb 

6c6a2 21 XKD 6c6a2 

22 
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6efea2a ABC (PCPB36 oroblem description) / 0 (weaning 
EMPTY ), 6c6a2a 

6c6a2b problem code 6c6a2b 

6c6b FETURNS in 6c6b 

sc*fcl 1: ABC (PCPB3§ solution) / 0 (meaning EMPTY) 6C6bl 

6d Date Stores 6d 

6dl LVRDT CVJUSR 12) 
verifies existence of local data store. 6dl 

6dla ACCEPTS IN 6dla 

6dia 1 l: internal Package handle 6dial 

6dla2 2: byte pointer to AsCIZ data store name 6dla2 

6d2 LRDDT (VJUS« 13) 
Reads local data store on behalf of remote process. 6d2 

6d?a ACCEPTS IN 6d2a 

6d2al 1! XWO 6d2al 

6d2ala ABC (PCPB36 element selector) / 0 6d2ala 

6d2ala! (meaning whole data store), 6d2alai 

6d2alb internal Package handle 6d2aib 

6d2a2 2 i  byte pointer to ASCIZ data store name 6d2a2 

6d2b RETURNS IN 6d2b 

6d2bl 1! ABC CPCPB36 value) / 0 (meaning EMPTY) 6d2bl 

6d3 LWFDT (VJUSR 14) 
Writes local data store on behalf of remote process, 6d3 

6d3a ACCEPTS IN 6d3a 

6d 3a1 II XWD 6d3al 

6d3ala ABC (PCPB36 element selector) / 0 6d3ala 

6d3alat (meaning whole data store), 6d3alal 

23 
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6 d 3 a l b  i n t e r n a l  p a c k a g e  h a n d l e  6 d 3 a l b  

6 d  3 a 2  2 :  b y t e  P o i n t e r  t o  A S C I Z  d a t a  s t o r e  n a m e  6 d 3 a 2  

6 d 3 a 3  3 ?  A B C  f P r P B 3 6  v a l u e )  /  0  ( m e a n i n g  E M P T Y  1  6 d 3 a 3  

7  V J U S R s  i m p l e m e n t e d  b v  p r o c e s s  l e a d e r  7  

7 a  P r o c e s s e s  7 a  

7 a i  0 K I P 5  ( V J U S F  1 5 )  
O K s  i n t r o d u c t i o n  o f  r e m o t e  p r o c e s s  t o  l o c a l  p r o c e s s ,  7 a  1  

7 a l a  A C C E P T S  I N  7 a i a  

7 a i a l  1 !  X W D  7 a l a l  

7 a l a l a  A B C  ( P cP b3 6  s t a r t u p  i n f o )  /  o  7 a l a l a  

7 a i a i a t  ( m e a n i n g  E M P T Y ) ,  7 a i a i a i  

7 a i a l b  n e w  p r o c e s s  h a n d l e  7 a i a l b  

7 a 2  0 K S P S  ( V J U S R  1 6 )  
O K s  s e p a r a t i o n  f r o m  l o c a l  p r o c e s s  o f  p r e v i o u s l y  i n t r o d u c e d  
r e m o t e  p r o c e s s ,  7 a 2  

7 a 2 a  A C C E P T S  I N  7 a 2 a  

7 a 2 a l  i s  o l d  p r o c e s s  h a n d l e  7 a 2 a i  

7 a 3  N T D P S  ( V J U S F  2 4 )  
N o t e s  " i m p e n d i n g  d e l e t i o n  O f  l o c a l  p r o c e s s ,  7 a 3  

7 b  P a c k a g e s  7 b  

7 b 1  O K O p v  ( V J U S F  1 7 )  
O K s  o p e n i n g  o f  ( a n d  i n i t i a l i z e s ]  l o c a l  p a c k a g e  b y  r e m o t e  
p r o c e s s ,  7 b l  

7 b l a  A C C E P T S  I N  7 b l a  

7 b i a l  1 !  X W D  s c o p e ?  n e w  p a c k a g e  h a n d l e  7 b l a l  

7 b ] a 2  2 1  b y t e  p o i n t e r  t o  A S C I Z  p a c k a g e  n a m e  7 b i a 2  

7 b 1 a 3  3 !  X W D  7 b l a 3  

2 4  
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7 b l a 3 a  i n t e r n a l  p a c k a g e  h a n d l e  ( m e a n i n g  I N I P K  t o o l  /  
0 ,  7  b 1 a  3  a  

7 b 1  a 3 b  A B C  C P C P B 3 6  s t a r t u p  i n f o )  /  0 ( m e a n i n g  E N P T Y )  7 b i a 3 b  

7 b l b  R E T U R N S  I N  7 b l b  

7 b i b l  l !  p a c k a a e  v e r s i o n  n u m b e r  /  0  7 b l b l  

7 p l b l a  ( i f  n o  i n t e r n a l  P a c k a g e  h a n d l e  s p e c i f i e d )  7 b l b l a  

7 f c ?  O K C P K  ( V J U S R  2 0 )  
O K S  c l o s i n g  o f  ( a n d  t e r m i n a t e s )  l o c a l  p a c k a g e  b y  r e m o t e  
p r o c e s s ,  7 b 2  

7 b 2 a  ACCEPTS IN 7 b 2 a  

7 b 2 a i  j  i  X W D  7 b 2 a i  

7 b 2 a l a  i n t e r n a l  p a c k a a e  h a n d l e  ( m e a n i n g  T R M P K  t o o )  /  
0 ,  7 b 2 a l a  

7 b 2 a l b  o l d  p a c k a g e  h a n d l e  7 b 2 a l b  

7 b 2 a 2  2 J  b y t e  p o i n t e r  t o  A S C I Z  p a c k a g e  n a m e  7 b 2 a 2  

7 c  C h a n n e l s  7 c  

7 C 1  Q K C C R  ( V J U S R  2 1 )  
O K s  c r e a t i o n  O f  c h a n n e l  t o  l o c a l  p r o c e s s .  7 c l  

7 c l a  A C C E P T S  I N  7 c l a  

7 c l a l  l !  n e w  p o r t  h a n d l e  7 c l a l  

7 C 2  O K D C H  ( V J U S R  2 2 )  
O K s  d e l e t i o n  O f  p r e v i o u s l y  c r e a t e d  c h a n n e l  t o  l o c a l  p r o c e s s ,  7 c 2  

7 c 2 a  A C C E P T S  i n  7 c 2 a  

7 c 2 a l  i s  o l d  p o r t  h a n d l e  7 c ? a l  

7 C 3  N T L C H  ( V J U S R  2 3 )  
N o t e s  l o s s  o f  c h a n n e l  t o  r e m o t e  P r o c e s s ,  7 c 3  

7 c  3 a  ACCEPTS I N  7 c 3 a  

7 c 3 a i  1 J  X N D  7  c  3  a  1  

2 5  
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7c3ala flags# 7c3ala 

7c3a!a 1 BO orts process# rather than port handle 7c.3alal 

7c3alb handle 7c3alb 

6 Data Type Assignments 8 

8a Argument list mask LIST (INDEX C C A L L E R = 1 3  /  D S E L E CTO R»# ...) 8a 

8b Code INDEX 8b 

8bl (event# problem# error) 

8c Completion c0de INTEGER (non-zero) 8c 

8d Cost INTEGER 8d 

8e Data store selector 8e 

eel LIST <%Ph% INDEX# %pkh% INDEX, %data Stores CHARSTR, 
% E I E M « N T *  E S E L E C T O P . # ) )  8 E L  

8f Depth I N TEGEp 8f 

80 niaqnostic CHARSTR 8q 

8h Element selector 8b 

FLHL L I ST (<BOOLEAN C K EV=TP - T ! E  t INDEX=FALRE1 > %element% 
any/INDEX# ,..) 8M 

81 Handle INDEX 81 

8i1 (systemeall# usercall# process (SELFsi/SUPER=23# suborocess 
JCSELFai /LEADER»21 # Processor ESELFsl/LEADER = 23 # package, 
internal package, call, introduction, channel# port, lock, 
lockset, datalock# event) 811 

81 Lock tvPe INDEX CSHARF,= 1/EXCLUSIVE = 2] 8j 

8k Login parameter C H A R STR  8k 

Bkl (user# password, account) Ski 

81 Name CHABSTr 81 

81i (prCcess # package# data store) 811 

26 
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8m Number INDEX 8m 

Bml CVJSYS# VJUSP.) Sml 

8n outcome INDEX [Visual / SUCCESS = 2 > FAILURE = 3 3 8n 

8o priority INDEX 8O 

8D Procedure selector 8p 

8p 1 LIST C%Ph% INDEX, %pkh% INDEX, %pn«me% CHARSTP) 8P1 

8q Process address CHAR5TR 8o 

8al <action> [<SP> <bost address>] <SP> <intrahost address> 8ql 

Sola Action is either "CRT", meaninfl create a new process, 
or "SPL"i meanino splice to an existing process, sola 

8oib Host address is a decimal host addr or standard host 
name (defaulting to that of the local host), 8olb 

8o1c intrahost address is a SAv filename on Tenex (for CRT)* 
or a decimal ICP contact socket number [for SPL), Sale 

8r Process information tyne INDEX [HQSTADDR«13 8r 

8s Result list mask LIST (INDEX [CALLERai/DISCARD»23 / 
DSELECTOP*, ,,,) 8s 

8t scope INDEX [PROCESSOR = 1/SUBPRQCESS S2/PR0CESS=3/ALL = 4] 8t 

8u startup info any 8u 

8v Subprocess address CHARSTp 8V 

8v1 <intrahost address> 8vl 

9 PCPB36 Data Structure Format 9 

9a Bit 0 if set# key data structure follows 9a 

9b Bits 1-13 Unused (zero) 9b 

9c Bits 14-17 Data type 9c 

9C1 EMPTY =1 INTEGERS LIST=7 9cl 

9c2 BOOLFANS2 BITSTR =5 9c2 
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9C3 INDEX =3 CHARSTRs6 9c3 

9d Bits 19-20 Unused (zero) 9.d 

9e Bits 21-35 Value or its length 9e 

9ei EMPTY unused (zero) 9el 

9E7 BOOLEAN 14 zero-bits + I-bit value (TRUB: = I t FALSE®0) 9e2 

9e3 INDEX unsigned value 9e3 

9e4 INTEGER unused (zero) 9®4 

9e5 BITSTR unsigned bit count 9 e 5  

gee CHAPSIR unsigned character count 9e6 

9e7 LIST unsigned element count 9e7 

9f Bits 36-?? Value 9t 

9f1 EMPTY unused CnoneXJstent 1 9fl 

9£2 BOOLEAN unused (nonexistent) 9f2 

9£3 INDEX unused (nonexistent) 9£3 

9f4 INTEgER two's complement full-word 9f4 

9£5 BITSTR bit string + zero padding to word boundary 9£5 

9f6 CHARSTR ASCII string + zero padding to word boundary 9£6 

9£7 LIST element data structures 9*7 

10 Tenex Data structure Formats 10 

10a Procedure selector 10a 

lOai Bloc* containing process handle, package handle, and byte 
nointer to ASCIZ procedure name 10a! 

10b Data store selector 10b 

10b1 BlocK containing process handle, package handle, byte 
nointer to ASCIZ procedure name, and ABC (PCPB36 element 
selector) or zero (meaning whole data structure) 10b! 
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11 Appendix -- Change summaries 11 

Ha Summary of 16-JUL-75 Chances (26100#) 11a 

llal 1) Operation PGDPS has been added to simplify VJUSR 
dispatch for "sequential" processors (see discussion) who so 
identify themselves via a new siPR flag bit, llal 

11a2 2) If B2 of AC 2 is raised in SIPP. PTDPs (and the SIPP 
itself) will thereafter be understood to Imply RQYPR, lla2 

lla3 3) The calling sequences for QKOPK/nxCPK have been 
modified to allow calls to INXPK/TRMPK to be Piggybacked on 
them for packages in the suborocess leader. 11 a3 

Iia4 45 The calling sequence for CRTPS has been modified to 
allow a call to QPNPK to be piggybacked on it# with a savings 
of two inter-process messages, Ha4 

iia5 5) The event provided in IVPPS is signalled with the 
following completion code "(formerly 1)! Ila5 

llaSa XWD systemca.il handle# VJSYS number ila5a 

1la6 6) The event provided in RELPE is signalled with the 
following completion code (formerly i)s llafe 

lla6a XWD can handle, outcome ilafta 

lla7 7) The following entities are converted to upper-case by 
DPS whenever accepted from the user (in one process)# and 
therefore will appear in uoper-case if ever presented to the 
user (in another process): lla7 

Ha7a process addresses and names: package# procedure, and 
data store names: and elements of user information (i.e. 
user# password# and account), lla7a 

iia8 8) Subprgcesses with n0 packages may,present a zero# 
rather than the address of a zero-length list of package names, 
in the RH of AC 2 in STPR, ilaB 

ila9 9) The "all" option has been deleted from CLSPK, lla9 

llalO 10) GTDPS returns the vJfjSR number in the LH of AC 0. llalO 

llal! 11) Clarification: To indicate to SIPR that no (zeroi 
address space pages are to be shared by processors within the 
subprocess# make the "first" page greater than the "last", 
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D P S J S Y S  /  D P S - 1 0  P r o o r a n - i r e r ' s  G u i d e  
J E W  2 2 * J U L « 7 5  1 5 s 4 0  2 6 1 7 0  

s e t t i n g  b o t h  t o  z e r o  I m p l i e s  t h a t  o n e  p a g e  ( n a m e l y ,  p a g e  0 }  I s  
t o  b e  s h a r e d ,  l l a l l  

1 1  a  1 . 2  1 2 )  C l a r i f i c a t i o n :  W h e n e v e r  a  b y t e  p o i n t e r  c o n t a i n s  - 1  a s  
i t s  l e f t  h a l f #  t p e  u s u a l  T e n e x  d e f a u l t  ( n a m e l y  4 4 0 7 0 0 )  i s  
a s s u m e d ,  l l a l 2  

1 1 a 1 3  1 3 )  C l a r i f i c a t i o n ;  W h e n e v e r  a n  a d d r e s s  i s  P r e s e n t e d  t o  
D P S  i n  a  f u n  w o r d ,  t h e  J , H  i s  i g n o r e d  a n d  m a y  ( a s  f a r  a s  D P S  i s  
c o n c e r n e d )  c o n t a i n  t r a s h ,  l i a l 3  

l i a l 4  1 4 )  C l a r i f i c a t i o n ;  i f  i n  d o u b t #  s e t  s c o o e  t o  A L T  = 4 ,  
p r i o r i t i e s  t o  1 #  a n d  v e r s i o n  n u m b e r s  ( I N D E X S )  t o  i ,  1 1 M 4  

l i b  S u m m a r y  o f  l O » J U N - 7 5  C h a n g e s  H h  

1  l b 1  I )  C l a i m e d  c h a n g e  t o  P E C A L  ( s e e  3 0 - m a y  «  1 1 ) ,  o m m i t t e d  b y  
m i s t a k e ,  a c t u a l l y  m a d e ' .  l l b l  

l i e  S u m m a r y  o f  3 0 « « M A Y - 7 5  C h a n c e s  l l c  

l l c l  1 )  p m  r e q u e s t s  C F  s e r v i c e s  v i a  J S Y g  4 0 0 »  r a t h e r  t h a n  
j S Y S •  S o r r y , f o r  t h e  f i i p f i o n ,  b u t  n o t e  t h a t  i t ' s  a  
o n e » i n s t r u c t i o n  c h a n g e .  l l c l  

i 1 C 2  2 )  T h e  l e n o t h  f L )  f i e l d  © t  a l l  A B F ' s  s h o u l d  b e  z e r o  w h e n  
s u p p l i e d  b y  t h e  p r o g r a m m e r .  ! i c 2  

1 1 c 3  3 )  T n  G T D P S #  t h e  u s e p c a l l  h a n d l e  a n d  A B F  a r e  p l a c e d  i n  
t h e  A C s ,  r a t h e r  t h a n  i n  a n  A B C ,  l l c l  

1 1 c 4  4 )  I N F P S  C V J S V S  5 2 )  h a s  b e e n , a d d e d  f o r  u s e  b v  t h e  N  V T  
p a c k a g e  i n  l o c a t i n g  a  p r o c e s s  w i t h i n  t h e  n e t w o r k ,  l l c 4  

l i e s  5 )  T h e  p r i o r i t y  a r g u m e n t  h a s  b e e n  m o v e d  f r o m  V I S P E  a n d  
F E L P E  t o  A L O C H ,  l l c 5  

1 1 c 6  6 )  T h e  e v e n t  h a n d l e  a r g u m e n t  h a s  b e e n  m o v e d  f r o m  A L O C H  t o  
R E L P E .  H C 6  

1 l c 7  7 )  I N T P E  a n d  R S M P E  a c c e p t  z e r o  a s  a  c a l l  h a n d l e #  m e a n i n g  
a l l ,  1 1 c 7  

l i c 8  8 )  T h e  c a l l  h a n d l e  a r g y m e p t  h a s  b e e n  d e l e t e d  f r o m  N T E P E  
a n d  H L P P E ,  b e i n g  r e d u n d a n t  ( 1 , e ,  s u p p l i e d  i n  I V D P S ) ,  l l c R  

1  i c 9  9 )  A b o r t  p r o v i s i o n s  h a v e  b e e n  e l i m i n a t e d  f r o m  S N D C H  a n d  
R C V C H ,  1 1 C 9  
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1 1 c 1 0  1 0 )  C R T E V  r e g u i r e s  a n  a d d i t i o n a l  " l e n a t h "  a r g u m e n t  
s p e c i f y i n g  t h e  n u m b e r  o f  c o m p l e t i o n s  s i m u l t a n e o u s l y  s t p r a h l e  
w i t h i n  t h e  e v e n t ,  T S T F V  a n d  W A I E V  r e t u r n  t h e  n u m b e r  o f  
c o m p l e t i o n s  w h i c h  r e m a i n  s t o r e d  i n  t h e  s p e c i f i e d  e v e n t ( s )  a f t e r  
t h e  o p e r a t i o n ,  l l c l O  

i l c l l  1 1 )  W h e r e v e r  D P S  c o m m u n i c a t e s  a n  A S C I Z  s t r i n g  t o  t h e  P F ,  
w h e t h e r  a s  a  V J S Y S  r e s u l t ,  o r  a s  a  V J U S R  a r g u m e n t ,  i t  s u p p l i e s  a  
b y t e  p g i n t e r  t o  t h e  A S C I Z  s t r i n g ,  r a t h e r  t h a n  a n  a b c ,  
s p e c i f i c a l l y ,  t h i s  c h a n g e  i s  m a d e  t o  t h e  c a l l i n g  s e q u e n c e s  o f  
P E C A L  ( p r o c e d u r e  n a m e ) !  L V R D T ,  L R D D T ,  L W r D T  ( d a t a  s t o r e  n a m e ) ;  
a n d  O K O P K ,  O k C P K  ( p a c k a g e  n a m e ) ,  l l c l l  

1 1 c i 2  1 2 )  T h e  s u b p r o c e s s  h a n d l e  r e s u l t  h a s  b e e n  d e l e t e d  f r o m  
O K O P K ,  1 1 C 1 2  

1 1 c 1 3  1 3 )  N T D P S  ( V J U S R  2 4 )  h a s  b e e n  a d d e d  t °  i n f o r m  t h e  ® r o c e s s  
l e a d e r  o f  t h e  p r o c e s s *  t e r m i n a t i o n ,  D r i o r  t o  i n i t i a t i o n  o f  
s i g n o u t ,  1 1  c 1 3  

1 1 c 1 4  1 4 )  P r o c e s s  a d d r e s s e s  m u s t  c o n t a i n  o n e  o f  t h e  f o l l o w i n g  
v e r b s ?  " C R T " ,  m e a n i n g  c r e a t e  a  n e w  p r o c e s s !  o r  " S P L " ,  m e a n i n g  
s p l i c e  t o  a n  e x i s t i n g  p r o c e s s ,  1 1  c  1 4  

i l c l S  1 . 5 )  T n e  T e n e x  f o r m a t  f o r  a  d a t a  s t o r e  s e l e c t o r  c o n t a i n s  
A E C  ( P C P B 3 6  e l e m e n t  s e l e c t o r ) ,  r a t h e r  t h a n  " z e r o  o r  m o r e  A R C  
( e l e m e n t  o f  P C P B 3 6  e l e m e n t  s e l e c t o r ) " ,  l l c l B  

l i d  S u m m a r y  o f  2 7 - A P R - 7 5  C h a n g e s  l i d  

l l d l  1 )  P F  r e q u e s t s  C m  s e r v i c e s  v i a  H A L T F ,  r a t h e r  t h a n  j S y S ,  l l d l  

1 1 d 2  2 )  P F  p r o v i d e s  a  s i n g l e  b l o c k  o f  s t o r a g e  f o r  u s e  b v  D P S  
i n  r e t u r n i n g  p a r a m e t e r s  t o  t h e  P F ,  r a t h e r  t h a n  a  s e p a r a t e  b l o c k  
f o r  e a c h , V J S Y S  r e s u l t  /  V J U S R  a r g u m e n t .  I f  i n s u f f i c i e n t  
s t o r a g e  i s  p r o v i d e d ,  t h e  o p e r a t i o n  i s  a b o r t e d  a n d  t h e  s u p p l i e d  
b l o c k ' s  L  s e t  t o  t h e  s i z e  r e q u i r e d ?  a  s e c o n d  c a l l  t o  R P D P S  
( p r o v i d i n g  i n c r e a s e d  s t o r a g e )  m a y  b e  e m p l o y e d  t o  r e c o v e r  f r o m  
t h e  e r r o r ,  1 1 d 2  

l i d 3  3 )  C A L p E ,  I N T P E  r e p l a c e d  b y  C A L P E ,  V I S P E ,  A L O C H ,  R E L C H ,  
A C G P E ,  P F L P f c ,  I N T P F ,  R g M P E ,  N T E P F ,  H L P P E .  1 l d 3  

l l d 3 a  »  C A L P E  i s  b a s i c a l l y  s h o r t h a n d  f o r  t h e  s e q u e n c e  A L O C H  
-  V T S P E  -  R E L C H ,  l i d 3 a  

l ! d 3 b  -  V I S P e  i s  b a s i c a l l y  s h o r t h a n d  f o r  t h e  s e o u e n c e  » E L P e  
-  A C Q P E ,  i 1 d 3 b  
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11 d 3 c - Help CHLPPE) and note fNTEPE) returns have been 
factored out Into separate VJSYSs. lidJc 

11d3d - Return tvpe and subtype have been combined Into a 
sinQie "outcome"# except, that abort returns are represented 
as VJSYS / VJUSR failures (l te, return +1), lid3d 

11d3e - The EVH supplied to ALOCH designates an event to be 
signalled Whenever the remote calier/eailee returns to the 
local procedure and therefore acts as a cue to issue ACQPE. Hd3e 

11d3f - tNTPE suspends the remote caller and Must oe 
followed by RSMPE/RELCH, lld3f 

11 d 3 g - LCAPE, LlNPE replaced by PECAL# PEiNT# PERSM, 
PEAPR, PENTE# PEHLP. Ild3g 

I i<34 4 3 LVRDT VJUSR added to verify existence of local data 
store, lid4 

lids 53 SOPR changed fro* a VJSYS to a VJUSR| sig noUt eve nt 
eliminated from SIPR. Ild5 

II <36 6 3 CALPE# VlSPE# RELPE# CRTSP# CPTpR allow priority, lld6 

11d7 7j LCKDT# SETLK allow abort if lock can't be set 
immediately, Hd7 

ild8 83 CRTLK, CRTPS# ITDPS# CRTCH require scope, lld8 

1 i<39 9) REMLK requires locic handle, lld9 

lldlO 103 ULKDT reauires data store selector# rather than 
process handle, lldlO 

lldll 113 SlPR allov?s automatic orocesso r  creation, lldll 

lldl? 123 WAIEV returns number of signalled events. Ildl2 

1J di3 t33 OPNPK returns nackaae handles (omitted by accident), l i d13 

Jldl4 143 VJSYSs, VJUSRs renumbered, lldl4 
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l a  D e i o r s e  V ,  B r o o k s #  J o n a t h a n  b ,  p o s t e l ,  P r i s c l l l a  A ,  w o l d ,  p i t a  
H v s m i t h ,  P a r r e l a  K .  A l l e n *  D e i o r s e  M .  B r o o k s ,  E l i z a b e t h  F ,  F i n n e y ,  
B e v e r l y  B o l l *  L a w r e n c e  A ,  C r a i n ,  k i r k  S a t t l e y ,  S u s a n  G a i l  R o e t t e r ,  
R o b e r t  N ,  l i e b e r r c a n ,  A n n  W e i n b e r g ,  K e n n e t h  f ,  ( K e n )  V i c t o r ,  D o u g l a s  
C .  F n o e l o a r t ,  J a m e s  H .  F a i r ,  E l i z a b e t h  K ,  M i c h a e l ,  R i c h a r d  w ,  W a t s o n ,  
E l i z a b e t h  j ,  F e i n i e r ,  H a r v e y  G ,  L e h t m a n ,  K i r k  E ,  K e l l e y ,  L a u r a  E ,  
G o u l d ,  J e a n n e  M ,  R e c k ,  p i r k  h ' ,  v a n  N o u h u y s ,  J a n e s  C ,  N o r t o n ,  
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1 .  T h i s  n o t e  s u m m a r i z e s  a  s e r i e s  o f  m e e t i n g s  a b o u t  t h e  N S W  F r o n t  E n d  
( F E )  i m p l e m e n t a t i o n ,  1  

2  T h e  a t t e n d e e s  w e r e  :  r w w  d l r  j l e  c h i  j e w  l l g  I b D  a n d y  d i a  2  

3  T h e  m a i n  i s s u e s  i s  s p a c e ?  t h e  n i e c e s  o f  c o d e  a n d  d a t a  t h a t  n e e d  t o  
b e  p r e s e n t  i n  t h e  f f  w o n t  f i t  t o g e t h e r  i n  t h e  a d d r e s s  s p a c e  o f  t h e  
p d p i i ,  3  

4  O u r  c u r r e n t  e s t i m a t . e s  o f  t h e  s i z e s  o f  t h e  v a r i o u s  c o d e  a n d  d a t a  
m o d u l e s  a r e  g i v e n  i n  t h e  f i l e  < e h a r d t ,  f e - m e m o r y - c o n s u m p t j o n , > ,  4  

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

5 a  ( l )  C H T  -  r e d u c e  t 0  s i z e  o f  t h e  C L I  c o n t e x t s  g 0 a l  f i k  5 a  

5 a 1  8 K  i s  o k  5 a l  

5 f c  ( 2 5  C H I  J E W  L L C  -  c o m b i n e  D p s  a n d  C L I  i n t o  a  s i n g l e  p r o c e s s  5 b  

5 b i  c a s e  1  -  B 4 7 0 0  c o d e  a l s o  w o r k s  w i t h  D P S  5 b l  

5 b 2  c a s e  2  -  o n l y  C t T  u s e s  D P S  5 b ?  

5 b 2 a  T h i s  a p p e a r s  n o t  t o  b e  p r o m i s i n g ,  r a t h e r  a  d e s i g n .  
u t i l i z i n g  a  s h a r e d  p a g e  b e t w e e n  D p s  a n d  C L I  c o n t a i n i n g  b o t h  
c o d e  a n d  d a t a ,  a n d  u s i n g  s i g n a l s  o r  E M T s  t o  c o m m u n i c a t e  
e v e n t s  t o  e a c h  o t h e r  l o o k s  m o r e  i n t e r e s t i n g .  ( s e e - - n u m h e r  
1 1 )  5  b  2  a  

5 c  c 3 3  D I A  -  f ix  L 1 0 1 1  c o m P l i l e r  t o  p a r s e  l a r g e  s e g m e n t s  o f  c o d e  
t o  g e n e r a t e  m o r e  o p t i m a l  r o d e  ( t h i s  v e r s i o n  o f  t h e  c o m p i l e r  w i n  
n o t  r u n  u n d e r  r i l i  b u t  f r o m  t h e  e x e c )  5 c  

5 c i  T h i s  l o o k s  t o  b e  m o r e  w o r k  t h a t  p r e v i o u s l y  d i s c u s s e d ,  t a u t  
i s  s t i l l  b e i n g  e x p l o r e d ,  ( s e e - - n u m b e r  I 8 i  5 c i  

5 d  ( 4 5  J E W  -  r e d u c e  t h e  s i z e  o f  t h e  D P S  c o n t e x t s  g o a l  2 K  5 d  

5 d l  2 K  a p p e a r s  t o  h e  f i n e ,  5 d l  

5 e  ( 5 )  J L F  D I R  -  i n v e s t i g a t e  t h e  b y f f e r „ a n d ^ m e m o r y  m a g e m e n t  I n  
E L F ,  i n v e s t i g a t e  b u f f e r  a n d  c o d e  o p t i m i z a t i o n  i n  e x e c  a n d  t e m e t ,  5 e  

5 e l  S u o g e s t e d  t h a t  d e m a n d  p a g i n g  s y s t e m  w o u l d  b e  a  w i n ,  b u t  
t h i s  a p p e a r s  t o  b e  f a r  m o r e  w o r k  t h a n  w e  w a n t  t o  t a k e  o n ,  5 e i  
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5 e 2  F o r  s y s t e m  w i t h  n o  n o r m a l  T E L N E T ,  o n l y  s p e c i a l  T E L N E T  f o r  
C L I  o l d  t o o l  a c c e s s  t h e  T E L N E T  c o d e  c o u l d  b e  r e d u c e d  f r o m  1 0 0 0  
t o  6 0 0  w o r d s  t o r  a  s a v i n g s  o f  4 0 0  w o r d s ,  I n  s u c h  a  s y s t e m  i f  
t h e  C L I  w e r e  t o  o l a y  t h e  r o l e  o f  t h e  E X E C  t h e  3 0 0 0  w o r d  E X E C  
w o u l d  b e  e l i m i n a t e d ,  5  e  2  

5 f  ( 6 )  J L E  -  t a l k  t o  D E C  a b o u t  p r i c e s  f o r  d i s k s ,  m e m o r y  e t c ,  f o r  
1 1 / 4 0 ,  1 1 / 4 5 #  a n d  1 1 / 7 0 .  5 f  

5 f l  P r i c e  L i s t  O b t a i n e d  5 f l  

5 a  ( 7 )  C H I  -  f i g u r e  o u t  t h e  s i z e  o f  t h e  c o d e  f o r  C L I  m a n n a g e d  
c o n t e x t  s w i t c h i n g  a n d  f o r  d i s p l a y  f e a t u r e t s  5 o  

S a l  D i s p l a y  C o d e  o n  1 0  t a k e s  4 K ,  s o  e s t i m a t e  6 - 8 K  o n  1 1 ,  5 g i  

5 g 2  C o n t e x t  s w i t c h  c o d e  s h o u l d  b e  s m a l l  a  f e w  h u n d r e d  w o r d s  a t  
t h e  m o s t ,  5 o 2  

5 h  ( 8 )  L L C  -  i n v e s t i g a t e  t h e  F L F  f a c i l i t i e s  t h a t ,  c a n  h e  u s e d  t °  
r e d u c e  t h e  s i z e  OF t h e  DPS c o d e  5 h  

5 h l  T h e r e  i s  n o t  v e r v  m u c h  t o  h e  s a v e d  h e r e #  h u t  t h e  E LF  
o r i m i t l v e s  w i l l  p e  u s e d  w h e r e  a p p r o p r i a t e ,  A n  e s t i m a t e  o f  
2 0 - 2 4 K  t c x  t h e  D P S  c o d e  i s  r e a s o n a b l e ,  5 h l  

5 h 2  T h i s  g o e s  w i t h  ( 2 )  a b o v e ,  5 h 2  

5 i  f 9 )  D L P  J E W  C H T  -  i n v e s t i g a t e  e l i m i n a t i n g  E L F .  5 i  

5 1 1  T h e r e  i s  n o t  m u c h  t o  b e  s a v e d #  b u t  i t  w o u l d  b e  u s e f u l  t o  
l i s t  t h e  p r i m i t i v e s  a l o n g  w i t h  t h e  a m o u n t  o f  S p a c e  t h a t  w o u l d  
b e  s a v e d  i f  t h e  p r i m i t i v e  w e r e  d e l e t e d  a n d  t h e  p r o g r a m s  t h a t  
w o u l d  b e  i m p a c t e d  i f  t h e  p r i m i t i v e  w e r e  d e l e t e d ,  5  i  1  

5 1  C 1 0 )  J L E  D L P  -  E v a l u a t e  t h e  r e l a t i v e  m e r i t s  o f  F L F #  U N I X  a n d  
R S X 1 1  f o r  o u r  n e e d s ,  5 j  

5 j l  p r e p a r e  a  n o t e  f o r  o u r  i n t e r n a l  u s e  t h a t  c o m p a r e s  t h e s e  
s y s t e m s  a n d  o u r  r e g u i r e m e n t s  e s p e c i a l l y  n o t i n g  t h e i r  f a c i l i t i e s  
r e l a t i n g  t o ;  5 5 1  

5 j i a  r e a l  a n d  v i r t u a l  a d d r e s s  s n a r e  m a n a g e m e n t  5 1 1 a  

5 1 1 b  d i s k  m a n a g e m e n t  5 5 1 b  

5 5 1 c  p r o c e s s  s t r u c t u r e  

S l i d  i n t e r p r o c e s s  c o m m u n i c a t i o n  

5 1 1 c  

5  j l d  
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5k (11) LLG - DPS-CLT communication 5k 

5k t prepare a note on the design for the DPS - CLI 
communication considering both the shared page and message 
mapping teehniaues, incorporating comments by CBJ and JEW, Ski 

51 c i 2) JLE - prepare order for disk 51 

5 1 1 ? ? ?  5 1 1  

5m (13) RWW » Send note stating our general problem to nsw 
steerino committee, 5m 

5ml A note was sent (see -- 26099,), 5ml 

5n f14)CHI JEW LLG - Review of the proposed DPS/CLI interface 
design with attention to the single vs, multi- process 
alternatives, 5n 

5nl hone Csee-- number 11) 5nl 

5o (15) DLP JLE - Investigate alternative memory management 
schemes 5o 

Sol Potjgh estimate is that 4 man months wo uld be required to 
revise ELF to use variable size real pages, and that this would 
be desirable for other reasons (eg input, output management). 
To revise ELF to allow variable size virtual, pages might be 
accomplished with 1 man month of effort, 5ol 

sola (to be scheduled) note on implications and effort 
involved it this task is undertaken. 5oia 

5p (16) JLE -Continue developing the position paper for the 
steering committee, deliv er a draf version to COMPASS, 5P 

5q (17) CHI - Breakdown of CLI code. 5o 

5oi Done (see--26144) 5ql 

5r (18) D TA - L1011 status reports what remains to be done, 
current expectations of savings, 5r 

5rl Done (see--andrews,11 hilstatus,) 5rl 

5s (19) [to be scheduled] study the relative efficiency of LlOii 
vs assembly code, 5s 

5t (20) LLG DLR - Storage Management 5t 
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5 t l  p r e p a r e  a  n o t e  o n  s t o r a n e  m a n a g e m e n t  t e c h n i q u e s #  t h e r e  m u s t  
b e  a  c h o i c e  b e t w e e n  t h e  f o l l o w i n g }  I t i  

5 t l a  c u r r e n t  E L F  p r i m i t i v e s  S t i a  

5 t l b  L 1 0  r u n t i m e  5 t l b  

5 t l c  n e w  ( o r  m o d i f i e d )  r o u t i n e s  S t i c  

5 t 2  I f  t h e  1 1 0  r o u t i n e s  w e r e  c h o s e n  a n d  c o m p i l e d  b v  1 1 0 1 1  t h e  
s a v i n g s  t o  b e  m a d e  b v  h a n d  c o d i n g  a r e  e s t i m a t e d  t o  b e  2 0 %  b y  
C H I  a n d  5 0 %  b y  J L E  5 t 2  

5 u  ( 2 1 )  J L E  -  B 4 7 0 0  c o d e  5 u  

5 u i  E s t i m a t e  r e c e i v e d  f r o m  T r i o l o  t h a t  t h e  " n u l l " I P "  w i l l  t a x e  
7 0 0 0 - 8 0 0 0  w o r d s ,  5 u l  

5 v  ( 2 2 )  ? ? ?  -  C o o r d i n a t e  K E V ' s  d e b u g g e r  w i t h  P P - 1 1  t e s t i n g .  5 v  

6  f t  w a s  a l s o  r e s o l v e d  a t  t h e  s e c o n d  m e e t i n g  t h a t  w e  s h o u l d  o r c c e e d  
t o  c o n s t r u c t  a  t e s t  v e r s i o n  o f  t h e  s y s t e m  e v e n  t h e  i t  m a v  o n l y  
s u p p o r t  o n e  o r  t w o  u s e r s ' ,  6  

6 a  T h i s  r e q u i r e s  s e v e r a l  n e i c e s  t o  b e  o p e r a t i o n a l !  6 a  

5 a l  V M  E L F  -  D L P  6 a l  

g a g  L o a d e r  -  A N D Y  6 * 2  

6 a 3  F l e a  D D T  -  D L P  6 a 3  

6 a 4  C L I - 1 1  -  J L E  &  A N D Y  6 a 4  

6 8 5  D P S - i l  -  L L G  6 a 5  

7  T h e  n e x t  m e e t i n g  i s  s c h e d u l e d  f o r  1 0  a m  T u e s d a y  2 9 t h  J u l y .  7  
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1 26172 Distribution 

la Richard W, Watson# David L. Retz, Joseph L. Ehardt, Charles H, 
Irbv, James E, (Jim) white, Larry L, Garlick, Jonathan B, Postel# 
Andv Poggio, Don I, Andrews, 
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J E W  2 2 - J U L - 7 5  I B :  3 3  2 6  1  7 3  
N S W  p r o t o c o l s  W e e k l y  S t a t u s  R e p o r t s  2 2 - J U L - 7 5  

1  N S W  P r o t o c o l s  W e e k l y  S t a t u s  R e p o r t s  2 2 - J U L - 7 5  1  

l a  J I M  W H I T E  

i a i  M a i o r  R e s p o n s i b i l i t y !  D P S - 1 0  l a l  

1  a ?  A c c o m p l i s h e d  L a s t  w e e k  1  a ?  

l a 2 a  -  C o n t i n u e d  d e b u g g i n g  C L I / D P S / N L s  s y s t e m  w i t h  O S M / C H I ,  l a 2 a  

l a ? b  -  R e v i e w e d  L L C ' s  O PS - 1 1  u s e r  i n t e r f a c e  s p e c ,  l a 2 b  

I a 2 c  *  M o v e d  b a s e  o f  o p e r a t i o n s  t ©  I S I C .  n o w  t h a t  t h e  J S Y S  
t r a p  f e a t u r e  i s  o p e r a t i o n a l  t h e r e .  l a 2 c  

l a 2 d  *  R e v i e w e d  r e p o r t  o f  M e s s a g e  T r a n s m i s s i o n  P r o t o c o l  
S u b c o m m i t t e e  a t  r e q u e s t  o f  R W W ,  i a 2 d  

l a 2 e  -  D o c u m e n t e d  a l l  e r r o r s  c u r r e n t l y  d e t e c t e d a n d  r e p o r t e d  
b v  D P S - 1 0 ,  g i v i n g  t h e  e r r o r  n u m b e r  a n d  d i a g n o s t i c  a s s o c i a t e d  
w i t h  e a c h  ( j o u r n a l  a n d  [ I S I C ]  < N S W - S O U R C E S > O P S E P R S . T X T ) .  1 * 2 *  

l a 2 f  -  D e s i q n e d  s e v e r a l  n e w  D P S  f e a t u r e s '  l a 2 f  

l a 2 £ l  >  a  s l q n o u t  V J S Y 5  w h i c h  w i l l  e n a b l e  t h e  F E  t o  
r e t u r n  t h e  u s e r  t o  t h e  E x E C  ; L n  r e s p o n s e  t o  Q ^ I T  ( f i l l i n g  
a  h o l e  i n  t h e  D P S - 1 0  d e s i g n ) .  I a 2 f l  

l a 2 £ 2  >  t w o  n e w  v J S Y s s  b v  w h i c h  p r o c e s s o r - c r e a t e d  f o r k s  
c a n  b e  g r a n t e d  a c c e s s  t o  D P S  p r i m i t i v e s  ( f o r  i n d i r e c t  
u s e .  i n i t i a l l y ,  b y  t h e  e n c a p s u i a t o r ) .  I a 2 £ 2  

i a 2 £ 3  >  a  s i g n i n  o p t i o n  b y  w h i c h  a  s y b p r o c e s s  c a n  
e n c a p s u l a t e  i t s e l f  ( w i t h  r e s p e c t  t o  i t s  u s e  o f  t h e  f i l e  
s y s t e m ) ,  i a 2 £ 3  

1  a 2 f 4  >  a  p e w  D P R  o p e r a t i o n  w h i c h  r e t u r n s  t h e  d i a g n o s t i c  
m e s s a g e  a s s o c i a t e d  w i t h  a  s p e c i f i e d  D P S  e r r o r  n u m b e r ,  I a 2 f 4  

I a 2 f 5  >  a  n e w  V J R Y S  b y  w h i c h  a  p r o c e d u r e  c a n  r e t u r n  
p a r a m e t e r s  t o  i t s  r e m o t e  c a i i e r / c a i l e e  w i t h o u t  
r e l i n q u i s h i n g  c o n t r o l  ( f o r  u s e  w h e r e  N O T E  i s  
u n s a t i s f a c t o r y ) ,  I a 2 f 5  

1  a2 f6  >  a  n ew  v j§Y S  by  wh ich  a  or o u n  o f  r e m ote  Procedures  
c a p  h e  e x e c u t e d  i n  s e r i e s ,  w i t h  a  s i n 0 1 e  p a i r  o f  
i n t e r - p r o c e s s  m e s s a g e s .  I a 2 £ 6  

l a 2 a  •  N o  d e b u g g i n g  o f  C L I / D P S / W M  s y s t e m  w i t h  S f c u  S c h a f f n e r  
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this oast week) understand from cm that Schaffner's busy 
checklnq out DPs HELP» etc. features in the shared-page mode 
of interaction with the FE, la2g 

1 a3 Scheduled Next Week la3 

la3a - Continue debugging CLI/DPS/NL5 system with DSM/CHI la 3a 

la3b - continue debugging CLI/DPS/WM system with Stu 
Srhaffner# who will„be exercising lTDPS and the data store 
primitives for the first time (carry over from last week). ia3b 

lajc - Review second draft of LLC's DpS-li user interface 
spec, la3c 

la3d - Draft strawrran critique of report of Message 
Transmission Protocol Subcommittee at request of RWW, la3d 

ia3e - Review Journal-related final report section at 
request of RWW. Ia3e 

la3f - Benin implementing newly-designed DPS features. ia3f 

la4 Queued la4 

ia4a - Code inter-host inter-process communication (this is 
not critical path), Ja4a 

lb LARRY GAFLICK lb 

Ibl kalor Responsibility) DPS-11 Ibl 

1P2 Accomplished Last week lh2 

lb2a - completed second draft of DPS-11 user interface 
document. Expect one more pass to add an alternate message 
passing scheme -- messaae mapping, lb2a 

lb2b - DL» and I are evalya£ing storaoe management 
requirements usina FLF primitives rather than L10 storaqe 
management, will prepare a note for the 29-JUL meetinn. tb2b 

lb2e - Coding DPS-li event and manager management. Ib2c 

lb3 Scheduled for Short Term 1b3 

lb3a - Prepare final draft of DPS-11 user interface 
document, lb3a 

2 
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lb3b - Continue DPS-10 => DPS-1! conversion; lb3b 

1b3b1 > Install new VJSYS/VJUSR call mechanisms, lb3bl 

Ib3b2 > Remove subprocess and processor management. Ib3b2 

1b3b3 > Code data format conversion routines for PCPB8. Ib3b3 

ib3c - shooting for a test of DPS-1! with CLl-11 by 1-SEP. Ib3r 

lb4 Scheduler for Long Term lb4 

lb4a - install, DP$-ll'. lb4a 

3 
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CJ26.173) J2"JUlif75 18:33::;: Title: Author'fSJl Ja*es E, (Jiffli 
White/JEW; Distributions /SRI-ARCc [ info-only 3 1 ; Sub-Collections: 
SRl-APC; Clerk: JEW; Orioln: < JNHITE, PP0STS,NLS>6, >, 
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1  R L L  h a s  b r o u g h t  t o  m y  a t t e n t i o n  t h e  f a c t  t h a t ,  a  " s h o r t  c o u r s e "  o n  
N L S  I s  b e i n g  p l a n n e d  f o r  l a t e  A u o u s t ,  1  s e e  t h i s  a s  a  w o r t h y  
u n d e r t a k i n g  a n d  w i s h  i t  t o  b e  m a x i m a l l y  s u c c e s s f u l l y  h o w e v e r  1  a n  
c o n c e r n e d  t h a t  w e  o e r h a p s  d o  n o t  h a v e  t h e  r e s o u r c e s  ( c o m p u t e r  c y c l e s ,  
t e r m i n a l s ,  m e e t i n g  r o o m s ,  e t c , )  t o  d e v o t e  t o  t h e  t a s k  w i t h  o u t  
g e n e r a t i n g  s e r i o u s  c o n f l i c t s  w i t h i n  A R C ,  - - j o n .  1  

i 



J B p  2 2 - J U L - 7 5  2  1 S  1 8  2 6 1 7 4  

( J 2 6 1 7 4 )  2 2 " J U L - 7 5  2 l ! l 8 » i ! f  T i t l e s  A y t h o r ( S ) i  J o n a t h a n  B .  
P o s t e l / J B p t  D i s t r i b u t i o n s  / D C C f  t  I N F O - O N L Y  3  )  J C N (  I  I N F O - O N L Y  3  )  
P W W C  t  I N F O - O N L Y  3  )  P L L f  t  I N F O - O N L Y  3  3  J H B C  C  I N F O - O N L Y  3  3  J  
S u b - C o l l e c t i o n s s  S R l - A B C f  C l e r X s  J 8 P |  



2 6 1 7 4  D i s t r i b u t i o n  
l a  D o u g l a s  c ,  E n o e i b a r t »  . T a m e s  C ,  N o r t o n #  R i c h a r d  w #  W a t s o n #  R o b e r t  
N .  L i e b e r m a r ,  J a m e s  H .  B a i r ,  
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Quarterly Report Input 

1 Quarterly Report for period ending 17 July 75 

la File Package 

lal The set procedures to he implemented in each host to 
facilitate the movement of files between workspaces in either 
the sane computer or different computers is called the "File 
Package", 

ia2 The File Package specification's greatly rewritten and 
enlarged to include specifics on file types and scenarios for 
file movement, 

lb Protocol Format 

lbl The communication between the Distributed programming 
system modules in each host is in accordance with either a 36 
bit format or a 8 bit format. The 8 bit format, called "pCpB8 , 
was documented, 

ic Protocol Meetind 

id SRT hosted a meeting to discuss the protocols needed in the 
NSW, The major topic oe the meeting was the Distributed 
programming System designed by SRI t* meet tne needs of NSW and 
perhaps ether large multi-computer programming systems. Also 
discussed were specifics of the communication protocol format 
CPCPB8) and the file moving procedures (the File Package), 

la 

lal 

la2 

lb 

1 
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i a  R e v e r l v  E o i i ,  



D l A  2 2 " J U L - 7 5  1 1 1 3 0  2 6 1 7 6  
L 1 0 1 1  C o d e  I m p r o v e m e n t  s t a t u s  

1  C u r r e n t  s t a t u s  o f  L 1 Q 1 1  I m p r o v e m e n t  e f f o r t  1 

l a  M O T E ?  S i n c e  m e m o r y  o n  t n e  N S W  f r o n t e r i d s  i s  p r e c i o u s ,  i t  a p p e a r s  
w o r t h w h i l e  t o  s p e n d  s o m e  t i m e  s h r i n k i n g  t h e  a m o u n t  o f  c o d e  
p r o d u c e d  b y  L 1 0 1 1 ,  T h i s  I s  a  s u r v e y  o f  m e t h o d s  a n d  s t a t u s  o f  

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

i b 2  B P .  t o  a  J M P !  I b 2  

i b 2 a  t h e  b r a n c h  f o r w a r d  r e l a t i v e  i n s t r u c t i o n  i s  a  b u o a b o o  
f o r  L . 1 0 1 1  s i n c e  i t  i s  a  o n e  p a s s  c o m p i l e r .  A l s o ,  i t  i s  t h e  
o n i v  w a y  a  t e s t  o f  t h e  c o n d i t i o n  c o d e  c a n  b e  m a d e ,  T h e  
o b v i o u s  t h i p g  t 0  d 0  i s  p u t  o u t  a  BP ( 0 f  a p p r o p r i a t e  
c o n d i t i o n  t e s t i n g )  a r o u n d  a  J M P  t o  t h e  d e s i r e d  p l a c p  
( r e s u l t s  3  w o r d s  w h e r e  1  m i g h t  h e  e n o u g h ) ,  B R  t o  a  J M P  m e a n s  
t h a t  t h e  c o m p i l e r  r e m e m b e r s  w h e r e  i t  p r o d u c e d  a  J M P  f o r w a r d  
a n d ,  i f  p o s s i b l e ,  w h e n  i t  n e e d s . t o  p r o d u c e  a  8 P  t o  t h e  s a m e  
l a b e l ,  i t  p r o d u c e s  a  B P  t o  t h e  o r e v l o t i S l y p r a d u c e d  J M P  
i n s t r u c t i o n ,  i b 2 a  

l b 3  S h r i n k  I N V O K E !  I b 3  

l b 3 a  s p e c i a l  c a s e s  o f  t h e  I N V O K E  c o m m a n d  a n d  p e r h a p s  s o m e  
L I S T  p r o c e d u r e  c a l l s  c a n  h e  m a d e  s h o r t e r ,  ( P r i m a r i l y  h e r e  
b e c a u s e  D P S  d o e s  m a n y  I N V O K E S ) ,  l b 3 a  

! b 4  S h o r t  J M P  f w d i  i b 4  

l b 4 a  A n o t h e r  w a y  t o  r e d u c e  b r a n c h  f o r w a r d  c o d e !  W h e r e  I t  i s  
k n o w n  t h a t  a  f o r w a r d  l u m p  i s  g o i n g  o v e r  a  s i n g l e  s i m p l e  
s t a t e m e n t ,  d e m a n d  t h a t  t h a t  s t a t e m e n t  f i t  w i t h i n  2 5 6  w o r d s  
a n d  d o  a  b r a n c h  r e l a t i v e  ( b v  f i x i n g  i t  u p  l a t e r ) ,  l b 4 a  

i b 5  D e s t i n a t i o n  S c h e m e ;  l b 5  

l b 5 a  A n o t h e r  w a y  t . o  r e d u c e  j u m p s !  E a c h  c o n t r o l  f l o w  

i m p r o v e m e n t s  m a d e  s o  f a r  l a  

l b  T h e s e  a r e  t h e  c o d e  i m p r o v e m e n t  a r e a s !  l b  

I b l  r e a i s t e r  a l l o c a t i o n !  I b l  

1 



D I A  2 2 - J U L - 7 5  1 H  3 0  2 6 1 7 6  
L 1 Q 1 1  C o d e  I m p r o v e m e n t  S t a t u s  

s t a t e m e n t  ( e , g ,  W H I L E ,  C A S E ,  L O O P ) ,  K n o w s  w h e r e  t h e  e x i t  a n d  
l o o p i n g  l o c a t i o n s  a r e ,  o n l y  w i t h  r e s p e c t  t o  t h e  s t a r t  a n d  
e n d  o f  t h e  c o n t r o l  f l o w  s t a t e m e n t  I t s e l f ,  C o d e  c o u l d  f e e  
i m p r o v e d  i f  e a c h  s t a t e m e n t - c o m p i l i n g  r u l e  K n e w  t h e  
' d e s t i n a t i o n '  o f  t h a t  s t a t e m e n t  - -  i . e ,  w h a t  w a s  g o i n g  t o  
h a p p e n  w h e n  c o n t r o l  e x i t s  t h a t  s t a t e m e n t ,  s u c h  a s  b r a n c h i n g  
b a c K  t o  a  l o o p ,  g o i n g  t o  n e x t  s t a t e m e n t ,  o r  o o i n g  a r o u n d  a n  
E L S E  c a r t ,  e t c .  T h i s  i m p r o v e m e n t  w i l l  r e d u c e  t h e  n u m b e r  o f  
j m p s  p r o d u c e d  a n d  r e p l a c e  s o m e  f o r w a r d  l u m p s  w i t h  b a c K w a r d  
j u m p s ,  l b 5 a  

l b 5 b  N O T E !  T h e  d e s t i n a t i o n  c a n n o t  b e  P a s s e d  i n s i d e  t h e  l a s t  
s t a t e m e n t  o f  a  b i o c v r  s i n c e  t h e  c o m p i l e r  d o e s  n o t  K n o w  i t  w a s  
t h e  l a s t  u n t i l  AFTEP i t  i s  c o m p i l e d ,  s e e  l a r g e  p a r s e  t r e e  
p l a n  b e l o w ,  l b 5 b  

1 b 6  R e c o r d  d e f s / F i e l d  r e f s s  l b 6  

t b 6 a  T h i s  i n v o l v e s  m a K i n o  t h e  c o m p i l e r  s m a r t  a b o u t  r e c o r d s  
t h a t  a r e  d e c l a r e d  i n  t h e  f i l e  t h a t  i s  b e i n g  c o m p i l e d .  F i e l d s  
t h a t  a r e  s a m e  p a t t e r "  o f  b i t s  i n  d i f f e r e n t  r e c o r d s  c a n  f e e  
i m p l e m e n t e d  a s  t h e  s a m e  f i e l d  r e f e r e n c e . c o d e  t o  s a v e  s n a c e ,  
A l s o ,  f i e l d s  t h a t  a r e  w o r d s ,  b y t e s  o r  b i t s  c a n  b e  r e f e r e n c e d  
b y  f e w e r  i n s t r u c t i o n s  t h a n ,  t h e  c u r r e n t  ' b l i n d '  f i e l d  
r e f e r e n c e  t e c h n i q u e '  l b 6 a  

l b 7  P a r s e  l e r g e  t r e e i  

l b 7 a  T ^ e  c o m p i l e r  c u r r e n t l y  p a r s e s  o n e  s t a t e m e n t  a n d  t h e n  
p r o d u c e s  c o d e  f o r  i t .  T h e  f o l l o w i n g  t h i n g s  c o u l d  b e  d o n e  i f  
l a r a e  p o r t i o n s  o f  p r o c e d u r e s  w e r e  p a r s e d ,  t h e n  c o m p i l e d !  I b 7 a  

l b 7 a l  B e t t e r  r e g i s t e r  a l l o c a t i o n  C f e y  c o u n t i n g  r e f s  a n d  
K e e p i n g  o f t e n  u s e d  t h i n g s  i n  r e g i s t e r s ) ,  l b 7 a i  

I b 0 a 2  C o u n t i n g  i n s t r u c t i o n s  t h a t  a  b r a n c h  r e p r e s e n t s  s o  
t h a t  a  b r a n c h  f o r w a r d  c a n  b e  d o n e  w h e r e  p o s s i b l e ,  I b 7 a 2  

i b 7 a 3  B e t t e r . d e s t i n a t i o n  s c h e m e  b y  p a s s i n g  t h e  
d e s t i n a t i o n  I n s i d e  t h e  l a s t  s t a t e m e n t  o f  a  b l o c K ,  I b 7 a 3  

l c  A s  o f  1 / 7 2  AM,  t h i s  i s  t h e  s t a t u s  o f  t h e  L 1 . 0 U  i m p r o v e m e n t s :  1 c  

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

1 C 2  r e c o r d  d e f i n i t l o n / f i e l d  r e f e r e n c e ;  i m p l e m e n t e d ,  p a r t l y  
d e b u g g e d ,  l c 2  

l c 3  B R  t o  a  J M P :  i m p l e m e n t e d ,  p a r t l y  d e b u g g e d ,  l e 3  

2 
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L l O l l  C o d e  I m p r o v e m e n t  S t a t u s  

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

i d l  i m p r o v e m e n t  i m p  1  d e b u o *  %  r e d u c t i o n  i d i  

l d 2  r e d  a l l o c a t i o n ?  d o n e  3  1 - 3 %  l d 2  

1 d 3  s h r i n X  i n V o K e ?  . 5  . 6  1 - 5 %  ( d e p e n d s  o n  u s e )  i d 3  

l d 4  B P  t o  a  J N P s  d o n e  . 5  1 - 2 %  l d 4  

ids  s h o r t  J M p  f w d l  1  l , S  1 - 4 %  l d 5  

i d 6  d e s t  s c h e m e ?  . 5  1  1 - 3 %  l d 6  

l d 7  r e c o r d s / f i e l d s ?  d o n e  1  1 - 3 %  ( d e p e n d s  o n  u s e )  I d ?  

j.dP large parse? 3 •) (not recommended) ldP 

1 d 9  a n d  r e d  a l l o c s  l  7  . 5 - 2 %  ( n o t  
r e c o m m e n d e d )  l d 9  

I d i o  a n d  f w d  b r a n ?  ?  ?  . 5 - 2 %  ( n o t  
r e c o m m e n d e d )  I d l O  

i d l i  a n c  d e s t  P l a n ?  1  1  . 5 - 2 %  ( n o t  
r e c o m m e n d e d )  l o l l  

1 d l 2  S U M  ( r e c o m m e n d e d )  7  7 , 5  6 - 2 0 %  l d l 2  

i d l 2 a  # l n i t i a l  t e s t - c a s e  d e b u o g i n q  b e f o r e  c o m p i l e r  i s  
a v a i l a b l e  f o r  g e n p r a l  u s e ,  l d i 2 a  

l e  W e  w i l l  P r o c e e d  w i t h  t h e  a b o v e  I t e m s  ( b u t  e x c l u d i n g  t ^ o s e  t * a t  
a r e  n o t  r e c o m m e n d e d ) ,  l e  

3 



L i O l l  c o d e  I r r p r o v e m e n t  S t a t u s  
D I A  2 2 - J U L - 7 5  1 1 !  3 0  2 6 1 7 6  

C J 2 6 1 7 S )  2 2 - J U L - 7 S  1 1 : 3 0 ? } ? *  T i t l e !  A U t h o r C s ) :  D e n  I ,  A n d r e w s / D l A ?  
D i s t r i b u t i o n ?  / R W W (  r  A C T I O N  3  )  J R P C  E  A C T I O N  3  )  J E W (  f  A C T I O N  ]  3  
D I A (  [  A C T I O N  1  )  C H I (  [  A C T I O N  3  3  D L G (  [  A C T I O N  ]  )  A N D Y C  C  A C T I O N  1  3  
J L E C  C  A C T I O N  ]  3  K E V C  C  A C T T O N  3  3  »  S u b - C o l l e c t i o n s :  5 R T - A P C ?  C i e r K :  
D I A ?  O r i g i n ?  <  A N D R E W S ,  L 1 0 1 1 S T A T U S . N L 5 M ,  > «  2 2 - J U L - 7 5  1 1 ? 2 6  
D I A  i  i  ?  ? # # # # »  
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RLL 23-JUL-73 14 S 56 26177 
Response to KWAC Fall 75 meeting questionnaire 

I FROM! Robert Lieberman (RLL) 1  

7 Will you he able to attend? 2 

2a The Friday 12 Sent,75 is personnally bad and thus I would 
have to leave Thursday "in order to be hpme for Friday AM, This 
leaves me onlv three davs for that weeX, 2a 

2te Monday 15 September is a Holiday for me and I would not be able 
to travel until Tuesday* again leavino only _three days for the 
week, Since I don't know of anyone else effected by Yom Kippur, 
this might not be too bad for most, 2b 

2c If I had to choose between the weeks, I would take the week 
beginning the 15th, 2c 

2Ci I could possibly leave Monday night? arriving In Boston 
Tuesday AM, 2cl 

2d week beginnings 2d 

?dl 1 Sent? labor day is the Monday? Saturday is a holiday 
(Rosh Heshanah) 2dl 

2d2 p Septs Friday personnally bad? would miss Thursday also 
for flying, 2d2 

2d3 15 Sept* Monday is holiday, otherwise OK 2d3 

2d4 22 sept! OK 2d4 

3 Would vou like to have the meeting in Cambridge? 3 

3a yes 3a 

4 Do you prefer a 4 or 5 day meeting? 4 

4a sightseeing can be done on weekends, but a mid week break is 
not too bad. Would think night sessions would be neat if we had 
Wednesday off, 4a 

5 what is you choice of dates? 5 

5a NOT the week of 8 Sept'. 5a 

5b FAIR for week of 15 Sept. 5b 

5c OK for rest of month and October. 5c 

3 



RLL 23-JUL-75 14:56 26177 
Response to KWAC Fall 75 meeting questionnaire 

6 would vou like me to arranae your hotel/motel 

6a Probably SP1-APC contingent will book its 
SRI. 

7 Would vou like a list of hotels ana prices in 

7a Yes, but only the most convenient. 

room? 6 

rooms as a block via 
6a 

the Boston-MIT area? 7 

7a 

2 
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R e s p o n s e  t o  K W A C  F a l l  7 5  r n e e t i n g  q u e s t i o n n a i r e  

( j  2 6 i 7  7  )  2 3 - J U L ' 7 5  1 . 4  S  5  6  ?  I  J  J  T i t l e ?  A u t h o r f s l ?  R o b e r t  N ,  
L i e b e r m e n / R L L i  D i s t r i b u t i o n ?  / R M S 2 t  r  A C T I O N  ]  )  J C N (  r  I N F O - O N L Y  1  )  ?  
S u b - C o 1 1 e c t i o n s ?  S R I - A R C ?  C i e r X :  R L L j  O r i g i n ?  <  L I E B E R M A N ,  
K W A C 7 5 . N L S I  2 ,  > ,  2 3 - J U L - 7 5  1 4 :  4 9  R L L  > ? ? ! # # # # ?  



2 6 1 7 7  D i s t r i b u t i o n  
l a  R o b e r t  M ,  S h e p o a r t i ,  J a m e s  C ,  N o r t o n ,  

1 
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This is covering letter to oslS CNsF) for the standard utility 
proposal, A copy of the OSHA proposal was enclosed. We expect to 
draft a NSF proposal in septemeber. 
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Robert N» Heberman 
Stanford Research Institute 
Augmentation Research Center 
333 Ravenswood Avenue 
Menlo Park, California 94025 

Dr, Harold Bamford 
National Science Foundation 
Office of Scientific information Services 
Washington, DC 20550 

Dear Dr, Bamford: 

I felt that it would be best to send you a copy of a recent 
proposal instead drafting one especially for you, since it is 
not yet known what our standard proposal will be for January 
1976, 1 

Changes in our pricing of the Workshop Utility Services are 
likely t<> depend upon new hardware configurations and the 
availability of a new "pie siice Scheduler," 2 

The new scheduler makes it possible to dynamically 
allocate computer cycles to groups on a percentage basis, 
Thus, one user group can be guaranteed a minlmun of x 
percent of the computer system (based on CPU cycles) no 
matter how many other users are logged on the computer, 2a 

This will now allow more than one person at time to be 
logged on in a 'slot' (currently 3% of the available CPU 
cycles) if t^ey are willing to share the fixed percentage 
of the machine with other users in their group, 2b 

we do not believe, however, that these changes will account 
for much of a difference in the per share cost we are 
currently charging, 3 

TERMINALS 4 

I have also enclosed a report on various terminals that 
can be used fn conjunction with our system, it is 
somewhat out»of-date since this technology has changed 
rapidly in the last year, 4a 

With regard to the Hewlitt Packard 2640A? 4b 

Bamford/Lieberman Page 1 
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The Lineprocessor does not support this terminal 
although it looks like it could with about one 
man*month of effort# 4bl 

The major drawback would be the 9 characters needed to 
position our pointing device# called a mouse. The Data 
Medias require only 2 characters, This could make the 
movement of the cursor appear jerky on the HP-264QA 
screen, 4b2 

The Line drawing and Symbol options for the HP*«2640A 
are not supportedby our system. No estimate is 
available on how much effort it would take# assuming it 
could be done, 

At last check this terminal only supported 2400 baud 
lines: for display NLS a 4800 baud terminal is most 
desirable, 4b4 

COMMUNICATIONS 5 

We believe that the new managers of the ARPANET# DCA# are 
allowing any government agency the use of the net. Please 
contact Bob Browntield# DCA Code 531 at 202»692«*7583# for 
detail information, 5a 

Another alternative would be WATS telephone service (band 
5 - full country) which would cost $1675 plus 7% excise 
tax per month for two incoming lines (240 hours per month 
with $4,65 for each additional hour of connect time), 5b 

WATS service will limit use to voice grade lines, 
Display terminals could be used with VADIC modems «hiCh 
cost $975 each to purchase, (This runs at 1200 baud as 
opposed to a recommended 4800 baud tor display 
terminals) 5bi 

Wide band leased lines from ATT would cost about $2300 per 
montn, 5c 

Private communication companies using Satellite or special 
ground lines would cost about $1200 to $1300 per month tor 
wide band service, 

The new commercial network# TELENET# would cost anywhere 
from $8000 to $10,000 per year for an active user on a 
display terminal, 5e 

I hope this information is helpful. Please contact me if you 
have any questions, 6 
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Sincerely# 

Robert N, Lleberman 

Enclosures 

SRI proposal NO, isu 75-116 
NLS Workshop support for OSHA 

workstation Equipment Reference Manual 
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possible XL 10 pug 
HGT 23-JUL-75 11!40 2617 9 

1 In the course of tiebuogong NLS»9 last week, Karolyn and I case 
accross a bug in code in FILMMP which I think: reflects a bug in the 
XL 10 compiler. 1 

2 By mistake, there were multiple invocations of the same catchphrase 
(global to the file, if it makes any difference) in a single 
procedure without dropping the first invocation, There were also 
three other cstchphrases invoked (which were local to the procedure). 
Upon exit (before returning or terminating) the catchphrases were 
explicitly dropped except for the second invocation of the multiply 
invoked catchphrase, upon execution, the system blew up at the 
return, BV removing the redundant invocation, we got the code to 
work, 2 

1 



HC,L 23-JUL-75 11 :40 26179 
P o s s i b l e  X L  1 0  B u q  

( J 2 6 1 7 9 )  2 3 - J U L - 7 5  U i 4 0 f f i j  T i t l e :  A u t h o r ( s ) !  H a r v e y  G .  
L e h t m a n / H G L i  D i s t r i b u t i o n s  / D I A C  [  A C T I O * '  1  )  N P G (  C  I N F O - O N L Y  ]  )  }  
S u b - C o l l e c t i o n s !  S R I - A P C  n p g j  C i e r k t  H G L f  



2 6 3 7 9  D i s t r i b u t i o n  
l a  D o n  I ,  A n d r e w s *  A n d y  p o g q i o ,  D a v i d  L .  p e t z ,  J a n  A ,  C o r n i s h ,  L a r r y  
L .  G a r l i e k ,  P o b e r t  L o u i s  B e l l e v i l l e ,  E l i z a b e t h  J ,  r e i n i e r ,  j o s e n h  L ,  
E h a r d t ,  J o n a t h a n  B ,  P o s t e l ,  K i r k  E ,  K e l l e y ,  K a r o l y n  J .  M a r t i n ,  D a v i d  
S .  M a v n a r d ,  K e n n e t h  E .  ( K e n )  v i c t o r ,  J a m e s  E ,  C J i m )  W h i t e ,  E l i z a b e t h  
K ,  M i c h a e l ,  D o n  l .  A n d r e w s ,  J .  D ,  H o p n e r ,  C h a r l e s  H ,  I r b y ,  H a r v e y  G ,  
L e h t r r a n ,  



R L L  2 3 - J U L - 7 5  1 9  5  3 4  2 6 1 8 0  
Q E D  a n d  r e c o g n i t i o n  m o d e s .  

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

2  I n  s n e a k i n g  t o  Y o u  a b o u t  t h e  r e c o g n i t i o n  m o d e s  I  d i d  n o t  m e n t i o n  
t h e  s e c o n d a r v  i r o d e  o n e  c a n  s e l e c t  w h e n  T E R S E  i s  p i c k e d  a s  t h e  p r i m a r y  
m o d e ,  I n  e s s e n c e ,  a f t e r  t v p i n a  < S P >  w h i l e  i n  t e r s e ,  y o u  c a n  s e l e c t  
a n y  o f . t h e  f o u r  m o p e s  a g a i n  a s  t h e  s e c o n d a r y  m o d e ,  T e r s e  i n  t h i s  
c a s e  w i l l  l o o k  l i k e  d e m a n d s  e x c e p t  w i l l  n o t . p e r m i t  f i r s t  l e v e l  c o m m a n d  
w o r d s  a s  a l t e r n a t i v e s ,  a n t i c i p a t o r y  a n d  f i x  w i l l  b e h a v e  t h e  s a m e  a s  
u s u a l ,  T n  t h i s  w a y  y o u  c a n  h a v e  t h e  m o s t  f r e q u e n t l y  u s e d  c o m m a n d  
r e c o g n i z e d  b v  o n e  l e t t e r  a n d  t h e  o t h e r  c o m m a n d s  r e c o g n i z e d  i n  a n v  o f  
t h e  m o d e s ,  

3  A b o u t  t h e  X E C  e d i t  c o n t r o l s #  I  d o n ' t  k n o w  i f  i t  i s  e a s i l y  c h a n g e d  
b u t  w i n  f i n d  c u t  a n d  l e t  v o u  k n o w .  

4  i n s t a l l i n g  a n o t h e r  e d i t o r  n n  O F E I C E - 1  i s  V E R y  u n l i k e l y .  F i r s t ,  w e  
d o n ' t  w a n t  a n o t h e r  s y s t e m  ( e d i t o r  o r  n o t )  r u n n i n g  ( i t  c a n  h a v e  
s e r i o u s  e f f e c t s  o n  s y s t e m  r e s p o n s e  f o r  a l l ) ,  S e c o n d ,  I  b e l i e v e  
h a v i n g  a n o t h e r  e d i t o r  w o u l d  o n l y  s e r v e  t o  c o n f u s e  p e o p l e  ( o f  c o u r s e  
n o t  f o r  t h o s e  w h o  k n o w  t h e  o t h e r  e d i t o r ) .  I t  i s  o u r  i n t e n t i o n  t o  
h a v e  a n  i n t e g r a t e d  a n d  c o h e r e n t  i n t e r f a c e .  O u r  a i m  s h o u l d  b e  t o  
i m p r o v e  N L S  i n  e v e r y  w a y  p o s s i b l e .  W e  m e n t i o n e d  s o m e  w h i l e  y o u  w e r e  
h e r e ,  I  b e l i e v e ,  R o n  T  5 e n t  m e  a  c o ^ y  o f  t h e  c o d e s ,  I  w i l l  s e n d  h i m  
a  n o t e  t h a n k i n g  h i m ,  

5  T h a n k s  a o a i m  p l e a s e  k e e p i n g  s u g g e s t i n g ,  S e n d  t h e m  t o  
F E F D B A C K ® o f f i c e - 1  o r  F E E D  v i a  t h e  j o u r n a l  s y s t e m .  C o p i e s  t o  t h o s e  
y o u  t h i n k  a r e  a p p r o p r i a t e .  

1 



G E O  a n d  r e c o g n i t i o n  m o d e s ,  
F L L  2 3 - J U L - 7 5  1 9  S  3 4  2 6 1 8 0  

( J 2 6 1 8 0 )  2 3 " J U L - 7 5  1 9 s i 4 : t f i  T i t l e s  A u t h o r C S j J  R o b e r t  N ,  
L i e b e r m a n / R L L ;  D i s t r i b u t i o n *  / J Q V (  C  A C T I O N  ]  5  j  s u b- C o l . l e c t i o n s s  
S P I - A P C *  C l e r k s  R L L f  



I s s u e s  i n  P D P - 1 1  F ' r o n t e n d  D e v e l o p m e n t  
J L P  2 3 - J U L - 7 S  2 0  s  0 9  2 6 1 8 1  

t  I n t r o d u c t i o n  

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

l b  T h e r e f o r e  t h i s  m e m o r a n d u m  c o n s i d e r s  v a r i o u s  s t r a t e g i e s  f o r  
t h e  i m p l e m e n t a t i o n  o f  t h e  N S W  F r o n t e n d  C F E )  c o d e .  I t  s h o u l d  b e  
n o t e d  t h a t  t h e  s t r a t e g i e s  d i s c u s s e d  h e r e  a r e  n o t  m u t u a l l y  
e x c l u s i v e  a n d  t h a t  t h e  f i n a l  s o l u t i o n  w i l l  r e s u l t  f r o m  t h e  
s e l e c t i o n  o f  t h e  m o s t  c o m p l e m e n t a r y  s e t  o f  s t r a t e g i e s  
d e s c r i b e d ,  

i c  T h e  m e m o r a n d u m  f i r s t  d i s c u s s e s  3  i m p l e m e n t a t i o n  d o m a i n s  
w h e r e  a l t e r n a t i v e  s t r a t e g i e s  a r e  b e i n g  d e v e l o p e d !  1 )  t h e  
i m p l e m e n t a t i o n  l a n g u a g e ,  2 )  p r o c e s s  i n t e r a c t i o n ,  a n d  3 )  m a i n  
m e m o r v  r e s o u r c e  m a n a g e m e n t .  T h i s  m a t e r i a l  r e p r e s e n t s  t h e  
f r a m e w o r k  w i t h i n  w h i c h  s o l u t i o n s  h a v e  b e e n  s o u g h t  d u r i n g  t b e  
d e s i g n  p h a s e ,  T h e n  t b e  m e m o r a n d u m  d e s c r i b e s  i n  d e t a i l  t h e  
c u r r e n t  s t a t u s  o f  P D P - 1 1  r e s o u r c e  m a n a g e m e n t .  F i n a l l y ,  i t  
m a k e s  s o m e  g e n e r a l  o b s e r v a t i o n s  a b o u t  t b e  p e r f o r m a n c e  o f  t h e  
P D P - 1 1  a s  a  c o n s e g u e n c e  o f  t h i s  l i m i t e d  r e s o u r c e  s i t u a t i o n ,  l c  

I d  W e  h a v e  n o t  m a d e  a n y  f i n a l  d e c i s i o n s  y e t .  T h i s  d o c u m e n t ,  
i s  a  s t a t u s  r e p o r t  o f  o u r  c u r r e n t  t h i n k i n g  a n d  i s  I n t e n d e d  t o  
c o m m u n i c a t e  t o  t h e  m e m b e r s  o f  t h e  N S W  S t e e r i n g  C o m m i t t e e  ( a n d  
o t h e r  r e l e v a n t  p a r t i e s )  g e n e r a l l y  c o m p l e t e  i n f o r m a t i o n  a b o u t  
t h e  s u b s t a n t i a l  i s s u e s  t h a t  h a v e  b e e n  i d e n t i f i e d .  I f  w e  c o m e  
t o  a  p l a c e  t h a t  m i g h t  r e q u i r e  N § W  m a n a g e m e n t  a t t e n t i o n ,  t h i s  
b a c k g r o u n d  i n f o r m a t i o n  s h o u l d  a i d  t h e m  i n  a r r i v i n g  a t  a  
d e c i s i o n ,  w e  w e l c o m e  a n y  q u e s t i o n s  c o r  a n y  o t h e r _ f o r m  o f  
d i a l o g u e ,  f o r  t h a t  m a t t e r )  r e g a r d i n g  t h e  i n f o r m a t i o n  p r e s e n t e d  
i n  t h i s  m e m o r a n d u m ,  1 6  

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



I s s u e s  i n  P O P -  11  F r o n t e n d  D e v e l o p m e n t  
J L K  2 3 - J U L - 7 5  2 o  s  0 9  2 6  1 8  1  

2  V a r i o u s  i m p l e m e n t a t i o n  S t r a t e g i e s  2  

2 a  i m p l e m e n t a t i o n  L a n g u a g e  S t r a t e g y  2 a  

2 a l  W h e n e v e r  m a i n  m e m o r y  r e s o u r c e s  a r e  p e r c e i v e d  t o  b e  
l i m i t e d  d u r i n g  t h e  c o u r s e  o f  t h e  i m p l e m e n t a t i o n  o f  a  s y s t e m #  
t h e  q u e s t i o n  o f  w h e t h e r  o r  n o t  a  h i g h - l e v e l  l a n g u a g e  s h o u l d  
b e  u s e d  a s  t h e  i m p l e m e n t a t i o n  l a n g u a g e  n a t u r a l l y  a r i s e s .  
T h e  r e s p o n s e s  t o  t h i s  q u e s t i o n  a r e  w e l l  k n o w n #  b u t  a  q u i c k  
s u m m a r i z a t i o n  o f  t h e m  a s  t h e y  a p p l y  t o  t h e  N S W  F r o n t e n d  
e f f o r t  i s  r e a s o n a b l e .  2 a i  

2 a  2  O f t e n  i t  i s  g e n e r a l l y  d e s i r a b l e  t o  i m p l e m e n t  s y s t e m s  
i n  a  h i g h - l e v e l  l a n g u a g e .  D o i n g  s o  s i g n i f i c a n t l y  r e d u c e s  
t h e  c o s t s  a s s o c i a t e d  w i t h  t h e  d e v e l o p m e n t ,  d e b u g g i n g ,  a n d  
m a i n t e n a n c e  p h a s e s  o f  a n y  p i e c e  o f  s o f t w a r e ,  T h i s  s i t u a t i o n  
i s  f u r t h e r  e n h a n c e d  i n  t h e  c a s e  o f  t h e  F r o n t e n d  s o f t w a r e  
s i n c e  v a r i o u s  p i e c e s  o f  c o d e  t h a t  a r e  b e i n g  w r i t t e n  b y  5 F I  
w i l l  r u n  i n  b o t h  t h e  P D P - l o  a n d  t h e  P D P - 1 1 ,  T h i s  a p p r o a c h  
m a k e s  i t  p o s s i b l e  f o r  t e r m i n a l s  c o n n e c t e d  t o  a  P D P - 1 0  v i a  
s o m e  T I P  t o  o b t a i n  m o s t  o f  t h e  a d v a n t a g e s  o f  t h e  F r o n t e n d  
t h a t  t e r m i n a l s  d i r e c t . l v  c o u p l e d  t o  t h e  N S W  P D P - 1 1  w i l l  
r e c e i v e .  T h e  u s e  o f  a  h i g h - l e v e l  l a n g u a g e  w h o $ e  c o m p i l e r ( s )  
c a n  p r o d u c e  m a c h i n e  c o d e  f o r  e i t h e r  m a c h i n e  g r e a t l y  
s i m p l i f i e s  t h i s  t a s k ,  

2 a 3  W c w e v e r #  t w o  c o s t s  a ^ e  e x a c t e d  u P O n  t h e  s V s t e m  
i m r i e m e n t o r s  w ^ e n  w r i t | n Q  i n  a  h i g h - l e v e l  l a n g u a g e s  1 )  
I n c r e a s e d  s t o r a g e  r e q u i r e m e n t s ,  a n d  2 )  s o m e  p e r f o r m a n c e  
d e g r a d a t i o n ,  T h e r e  c a n  b e  n o  a r g u m e n t  t h a t  t h e s e  c o s t s  
i n  a  s y s t e m  w i t h  l i m i t e d  p h y s i c a l  r e s o u r c e s .  T h e  
s i g n i f i c a n t  Q u e s t i o n  r e m a i n s  a s  t o  w h e t h e r  o r  n o t  t h e s e  
c o s t s  o v e r r i d e  t h e  n o t a b l e  a d v a n t a g e s  o f  w r i t i n g  i n  
h i q h - l e v e l  l a n g u a g e s .  

2 a 4  i t  i s  o u r  o b s e r v a t i o n  t h a t  o u r  L 1 0 / H  c o m p i l e r  i s  
c u r r e n t l y  g e n e r a t i n g . c o d e  t h a t  r e q u i r e s  a b o u t  2 5 - 3 0 %  m o r e  
s t o r a g e  t h a n  h a n d - w r i t t e n  a s s e m b l y  c o d e ,  s o  t h a t  w e  c a n  t r y  
to minimize the storage penalties associated with 1,10/1.1 
c o d e ,  w e  a r e  c u r r e n t l y  r e - w o r k i n g  t h e  c o m p i l e r  t o  i m p r o v e  
i t s  c o d e  g e n e r a t i o n  u p  t o  1 5 %  o v e r  w h a t  w e  a r e  e x p e r i e n c i n n  
t o - d a t e ,  w e  f e e l  t h a t  c o d e  e f f i c i e n c y  g a i n s  b e y o n d  w h a t  w e  
e x p e c t  f r o m  o u r  c u r r e n t  p l a n s  c a n  o n l y  b e  h a d  a t  c o s t s  

2 a 2  

h u r t  

2 a  3  



I s s u e s  i n  P D P - 1 1  F r o n t e n d  D e v e l o p m e n t  
J L E  2 3 - J U L - 7 5  2 0 : 0 9  2 6 1 8 1  

b e y o n d  w h a t  t h e  b e n e f i t s  c a n  j u s t i f y  i n  a  d e v e l o p m e n t a l  
p r o j e c t ,  2 a 4  

2 a 5  W g  t h i n k  t h a t  t h e  i m p l e m e n t a t i o n  o f  t h e  F r o n t e n d  c o d e  i n  
a  h i g h - l e v e l  l a n g u a g e  i s  t h e  c o r r e c t ,  a p p r o a c h  w h e n  
c o n s i d e r i n g  a l l  c o s t s ,  a n d  w e  p l a n  n o  c h a n g e s  i n  s t r a t e g y  I n  
t h i s  a r e a ,  s i n c e  t h e  t a r g e t  d a t e  f o r  a n  o p e r a t i o n a l ,  ( a s  
o p p o s e d  t o  d e v e l o p m e n t a l )  N S W  i s  1 9 7 8 ,  t h e  f i n a l  c h o i c e  o f  
t h e  F r o n t e n d  m a c h i n e  i s  n o t  c o n f i n e d  t o  t h e  P D p - i i  a n d  
w r i t i n g  a s s e m b l y  l a n g u a g e  c o d e  a t  t h i s  p o i n t  w o u l d  o n l y  
r e q u i r e  r e - i m p l e m e n t a t i o n  a t  t h a t  t i m e ,  2 a 5  

2 h  P r o c e s s  I n t e r a c t i o n  S t r a t e g y  2 b  

2 b l  i n  t h i s  c a t e g o r y ,  t h e  i s s u e s  a r e  p a r t i c u l a r l y  c o m p l e x  
a n d  t h e r e f o r e  m o r e  d i f f i c u l t  t o  c l e a r l y  o r e s e n t .  D u e  t o  t h e  
e x t r e m e l y  t i g h t  f i t  i n  t h e  P D P - 1 1 ,  c o n s i d e r a b l e  a t t e n t i o n  i s  
f o c u s e d  a t  t h i s  t i m e  i n  t h e  d e s i g n  s t r a t e g i e s  a f f e c t i n g  t h e  
i n t e r a c t i o n  b e t w e e n  t h e  D i s t r i b u t e d  P r o g r a m m i n g  S y s t e m  
( D P S ) ,  C o m m a n d  L a n g u a g e  i n t e r p r e t e r  ( C L I ) ,  a n d  D i s p l a y  
T e r m i n a l  H a n d l e r  ( O T H ) .  W e  e x p e c t . t o  a c h i e v e  a  s o l u t i o n  
w h e r e  t h e  d i f f e r e n t ,  p r o c e s s e s  c a n  i n t e r a c t  a s  e f f i c i e n t l y  a s  
p o s s i b l e  w i t h  o n e  a n o t h e r - - t h e r e b y  r e d u c i n g  o v e r a l l  s t o r a g e  
r e a u i r e m e n t s - - w h i l e  n o t  g r e a t l y  i m p a i r i n g  t b e i r  g e n e r a l i t y ,  2 b l  

2 b 2  T h e  u s e  o f  s h a r e d  n a c r e s  i s  o n e  s u c h  s t r a t e g y  t h a t  i s  
b e i n g  e x p l o r e d  a s  o n e  m e c h a n i s m  f o r  i n t e r a c t i o n  b e t w e e n  
p r o c e s s e s .  A n o t h e r  s t r a t e g y  i s  t o , m a k e  m a x i m u m  u s e  o f  t h e  
o p e r a t i n g  s y s t e m  f a c i l i t i e s  f o r  m a i n  m e m o r y  m a n a g e m e n t  
w i t h i n  a n d  b e t w e e n  p r o c e s s e s .  U n d o u b t e d l y  o t h e r  s t r a t e g i e s  
w i l l  b e  d e v e l o p e d  a s  w e  p r o c e e d  f u r t h e r  i n  t h e  
i m p l e m e n t a t i o n  o f  t h e  F r o n t e n d ,  2 h 2  

2 b 3  B u t  t o  r e t u r n  t h e  d i s c u s s i o n  t o  D P S ,  w e  h a v e  b e e n  
r e l u c t a n t  t o  " s t r i p "  i t  o f  f e a t u r e s  ( a n d  t h e r e b y  r e d u c e  
m e m o r y  r e q u i r e m e n t s )  s i n e e  p a c k a g e s  o t h e r  t h a n  t h e  C L I  a r e  
p r e s u m e d  t o  r e q u i r e  i t s  s e r v i c e s .  T h e  B 4 7 0 0  c o d e  i s  a n  
e x a m p l e  c f  s u c h  a  p a c k a g e ,  E v e n  t h o u g h  w e  a r e  e x p e r i e n c i n g  
l i m i t e d  m e m o r y  r e s o u r c e s  i n  t h e  1 1 / 4 0  a n d  t h e  p o s s i b i l i t y  
e x i s t s  o f  n o t  b e i n g  a b l e  t o  o u t  t h e  B 4 7 0 0  c o d e  i n  t h e  s a m e  
m a e h i n e  a s  t h e  F r o n t e n d  c o d e ,  i t  i s  s t i l l  o u r  h o p e  t h a t  t h e  
a d o p t i o n  o f  a h  a p p r o p r i a t e  m e m o r y  m a n a g e m e n t  s t r a t e g y  w i l l  
p e r m i t  u s  t o  r e t a i n  t h e  B 4 7 0 0  p a c k a g e  i n  t h e  F r o n t e n d  
p r o c e s s o r ,  2 b 3  
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2 c  M a i n  M e n - c r y  R e s o u r c e  M a n a g e m e n t  S t r a t e g y  2 c  

2 c 1  G e n e r a l  2 c l  

2 c 1  a  T h e  d i s c u s s i o n  t h a t  f o l l o w s  r e a u i r e s  t h a t  t h e  
r e a d e r  h a v e  s o m e  k n o w l e d g e  o f  t h e  m e m o r y  m a n a g e m e n t  
f a c i l i t i e s  o f  t h e  P D P - 1 1 ,  T h e  m a x i m u m  a m o u n t  o f  p h y s i c a l ,  
t r a i n  m e m o r y  t h a t  c a n  b e  c o n f i g u r e d  o n  t h e  1 1 / 4 0  o r  1 1 / 4 5  
i s  1 2 4 K  w o r d s  ( 1 . 2 R K  l e s s  t h e  4 k  r e s e r v e d !  f o r  t h e  d e v i c e  
r e g i s t e r s ) ,  B e c a u s e  o f  t h e  1 6 - b i t  w o r d  a r c h i t e c t u r e  o f  
t h e  P D P - 1 1 #  i n d i v i d u a l  p r o c e s s e s  n o s s e s s  a  v i r t u a l  
a d d r e s s  s p a c e  t h a t  m a v  c o n t a i n  u p  t o  3 2 K  w o r d s  o n  t h e  
1 1 / 4 0 ,  C Q n  t h e  1 1 / 4 5  a n d  t i / 7 o ,  c ° d e  a h d  d a t a  h a v e  
s e p a r a t e  v i r t u a l  a d d r e s s  s p a c e s  o f  3 2 x  e a c h . )  M e m o r y  
r e l o c a t i o n  r e g i s t e r s  p r o v i d e  t h e  h a r d w a r e  m e c h a n i s m  f o r  
m a p p i n g  a  v i r t u a l  a d d r e s s  s p a c e  i n t o  t h e  p h y s i c a l  m e m o r v  
o f  t h e  P D P - 1 1 .  

2 c l b  G i v e n  t h i s  m e m o r v  m a n a g e m e n t  P h i l o s o p h y #  t h e r e  a r «  
a  n u m b e r  o f  s t r a t e g i e s  t h a t  c a n  b e  u s e d  m  t h e  
i m p l e m e n t a t i o n  o f  t h e  F r o n t e n d , ^ .  w h a t  f o l l o w s ,  t h e n ,  i s  a  
d i s c u s s i o n  o f  s o m e  o f  t h e  w a y s  i n  w h i c h  w e  m i g h t  " f o l d "  
t h e  v a r i o u s  p i e c e s  o f  F r c n t e n d  c o d e  i n t o  t h e  a v a i l a b l e  
p h y s i c a l  m e m o r y  o f  t h e  1 1 / 4 0 ,  ( T h i s  i s  n e c e s s a r y  s i n c e  
i t  I s  n o t  p o s s i b l e  t o  h a v e  a l l  t h e  c o d e  a n d  d a t a  f o r  2 0  
t e r m i n a l s  a c t u a l l y  r e s i d e  p e r m a n e n t l y  i n  m a i n  m e m o r y , i  
T h e  p r e f e r r e d  s t r a t e g y  u n d o u b t e d l y  w i l l  b e  o n e  t h a t  c a n  
b e  i m p l e m e n t e d  w i t h i n  c e r t a i n  c o s t  c o n s t r a i n t s ,  b u t  a l s o  
a c h i e v e s  s o m e  o f  o u r  p e r f o r m a n c e  g o a l s ,  

2 c 2  1 )  S w a p  V i r t u a l  A d d r e s s  S p a c e  2 c 2  

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

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



J L E  2 3 - J U L - 7 5  2 0 s 0 9  2 6 1 8 1  
I s s u e s  i n  P D P - 1 1  F r o n t e n d  D e v e l o p m e n t  

2 c 3  2 )  S w a p  D a t a  C o n t e x t  2 c 3  

2 c i a  T h i s  s t r a t e g y  a s s u m e s  t h a t  r e - e n t r a n t  c o d e  
p e r m a n e n t l y  r e s i d e s  i n  r « a  J  n  m e m o r v  a n d  t h a t  o n l v  t h e  
w r i t a b l e  d a t a  u n i a u e  t o  a  g i v e n  t e r m i n a l  o r  p r o c e s s  i s  
s w a p p e d  b e t w e e n  m a i n  m e m o r y  a n d  d i s k  s t o r a g e  w h e n  n e e d e d ,  
I t s  c h i e f  v i r t u e  i s  t h a t  t h i s  s t r a t e g y  r e d u c e s  t o  a n  
a b s o l u t e  m i n i m u m  t h e  a m o u n t  o f  m a i n  m e m o r y  t h a t  i s  
s w a p p e d .  T h i s  r e s u l t s  " i n  t h e  l e a s t  o p p o r t u n i t y  f o r  t i m e  
b e i n g  l o s t  d u e  t o  d i s k  t r a n s f e r  t i m e ,  o n  t h e  o t h e r  h a n d ,  
i t  o n l y  p e r m i t s  r e - u s e  o f  t h a t  a r e a  o f  m a i n  m e m o r v  
a c t u a l l y  u s e d  t o r  s w a p a b l e  d a t a .  C u r r e n t l y ,  t h i s  o n l y  
r e p r e s e n t s  a  l i t t l e  o v e r  1 0 %  o f  p h y s i c a l  s t o r a g e ,  

? c 4  3 )  I n d e p e n d e n t l y  S w a p  D a t a  C o n t e x t  a n d  O v e r l a y  C o d e  2 c 4  

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

2 c 5  4 )  D e m a n d  P a g i n g  2 c 5  

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

2 c 5 b  A  s p e c i a l  f o o t n o t e  s h o u l d  h e  m a d e  a b o u t  t h e  d e m a n d  
p a g i n g  s t r a t e g y ;  t h e  1 1 / 4 5  a n d  1 1 / 7 0  c a n  i m p l e m e n t  t h i s  
s t r a t e g v  w i t h  l i t t l e  d i f f i c u l t y .  H o w e v e r ,  t h e  1 1 / 4 0  d o e s  
n o t  o f f i c i a l l y  p o s s e s s  a  p a g e  f a u l t i n g  c a p a b i l i t y .  I n  
s p i t e  o f  t h i s ,  i n v e s t i g a t i o n  h a s  s h o w n  t h a t  d e m a n d  o a q i n o  
c a n  b e  p a r t i a l l y  i m p l e m e n t e d  o n  t h e  1 1 / 4 0  a s  l o n g  a s  
c e r t a i n  i n s t r u c t i o n  f o r m s  a r e  a b s e n t  f r o m  F r o n t e n d  c o d e .  

- 6 -
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2 c 6  O p e r a t i n g  S y s t e m  S e l e c t i o n  2 c 6  

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

2 c 6 f e  U N j X  i m p l e m e n t s  t h e  f i r s t  s t r a t e g y  o f  s w a p p i n g  t h e  
e n t i r e  c o n t e n t s  o f  a n  a d d r e s s  s r > a c e ,  A l t h o u g h  U N I X  
p o s s e s s e s  c o n s i d e r a b l e  a t t r i b u t e s  ( s u c h  a s  a n  o p e r a t i o n a l  
f i l e  s y s t e m  a n d  d e m o n s t r a t e d  r e i l a p i l i t y  i n  s u p p o r t i n g  
m u l t i c l e  t e r m i n a l s ) ,  i t s  s w a p p i n g  s t r a t e g y  i n t r o d u c e s  t o o  
m u c h  d e l a y  f o r  i t  t o  b e  p r a c t i c a l  a s  t h e  P D P - 1 1  F r o n t e n d  
o p e r a t i n g  s y s t e m ,  

2 c 6 c  R S X l i D  i m p l e m e n t s  a  s t r a t e g y  s i m i l a r  t o  b u t  n o t  
e x a c t l y  l i k e  t h e "  t h i r d  o n e  d e s c r i b e d  a b o v e .  H o w e v e r ,  
P S X i i h  a l s o  p o s s e s s e s  l i m i t a t i o n s  t h a t  a r e  s l o w l y  
e m e r g i n g ,  m e r e  i s  a  m u n i c i p a l  p r o j e c t  i n  a n o t h e r  g r o u p  
a t  S P I  t h a t  i s  c u r r e n t l y  e n g a g e d  i n  o v e r s e e i n g  t h e  
i n s t a l l a t i o n  o f  a  m u l t i - t e r m i n a l  1 1 / 4 5  s y s t e m  r u n n i n g  
u n d e r . P S X 1 I D ,  T t  h a s  b e e n  d e t e r m i n e d  t h a t  d e s i g n  
d e c i s i o n s  i n t e r n a l  t o  R S X l i D  h a v e  r e s u l t e d  i n  a  s t r a t e g y  
t h a t  i s  b i a s e d  a g a i n s t  h i q h - s p e e d  d i s p l a y  t e r m i n a l s  i n  
f a v o r  o f  s l o w - s p e e d  T T Y s ,  S i n c e  t h i s  i s  n o t  c o m p a t i b l e  
w i t h  l o n g - r a n o e  N S W  g o a l s ,  t h e  s e l e c t i o n  o f  t h i s  
o p e r a t i n g  s y s t e m  I s  s u s p e c t .  

2 c 6 d  S i n c e  E L F  w a s  d e v e l o p e d  u n d e r  A P P A  s p o n s o r s h i p ,  
h o w e v e r ,  t h e  s o u r c e  c o d e  i s  r e a d i l y  a v a i l a b l e  t o  P e r m i t  
t h e  i n t r o d u c t i o n  o f  n e w  f a c i l i t i e s  u s e f u l  t o  t h e  e n t i r e  
A F P A  e o m m u n i t v .  T h u s  i t  s e e m s  m o s t  l i k e l y  t h a t  a  
m o d i f i e d  E L F  s y s t e m  w i l l  b e  u s e d  t h a t  i m p l e m e n t s  a n  
e f f i c i e n t  m a i n  m e m o r y  m a n a g e m e n t  s c h e m e  a s  d e f i n e d  b y  N S W  
F r o n t e n d  r e q u i r e m e n t s .  
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Current Resource Management Estimates 

3a General 3a 

Sal This part brinos together information concerning the 
use of memory resources within the 11/40. it contains our 
most recent estimates--estimates that result from 
compilation of appropriate Frontend modules or careful 
estimation where compilation is not vet possible, care is 
taken to identify the reauirments of resident code, resident 
data, and swapable data so that the effects of increasing or 
decreasing the number of users can be more closely observed, 

3b Disk Estimates 

3bi The following »ap describes the disk storage 
reouirments of a Frontend supporting 20 users. If our 
estimates are correct, 20 users should fit comfortably on a 
single 512k word disk drive 

3b2 Disk needs i 

3b2a Frontend code 
CLI state § 8k 
Dps state 0 2k * 2 events 
Display data ® 2K 
Grammars a 2K 
User/node profiles a IK 

TOTAL 

20 users 

11 2K 
16 OK 
8QK (worst case) 
4 OK 
4 OK 
20K 

452k 

3a 1 

3b 

3b 1 

3b2 

3b2b NOTE: This assumes that all users have different 
grammars and that all terminals are high-speed displays 

3c Main Memory Estimates 

3cl General 

3c1 a The following map describes the main memory 
requirements of the Frontend 11/40 as required by 
strategy 2 defined above (i.e., code and certain data are 
resident# while swapping is performed on the remaining 
terminal-deoendent data). The reader will note that, 
memory is portrayed as a number of virtual address 

3C 

3c 1 
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s p a c e s .  T h i s  i s  d o n e  t o  i m p r o v e  c o m p r e h e n s i o n  s i n c e  i t  
m o p e  c l e a r l y  p r e s e n t s  h o w  c o d e  e n d  d a t a  m i g h t  b e  m a p p e d  
i n t o  t h e  p h y s i c a l  a n d  v i r t u a l  a d d r e s s  s p a c e s  o f  t h e  
1 1 / 4 0 .  

3 r l b  T h i s  s t r a t e g y  a s s u m e s  t h a t  e a c h  t e r m i n a l  ( o r  j o b )  
w i l l  h a v e  s e v e r a l  p r o c e s s e s  a s s o c i a t e d  w i t h  i t „ - « t h e  C I  I  
a n d  D P S  a r e  e x a m p l e s  o f  s u c h  p r o c e s s e s .  T h e  o o e r a t i n q  
s y s t e m  i s  r e s p o n s i b l e  f o r  a c t i v a t i n g  t h e  a p p r o p r i a t e  
p r o c e s s  w h e n  i n f o r m a t i o n  i s  w a i t i n g  t o  b e  c o n s u m e d .  T h e  
u s e  o f  p a g e s  s h a r e d  b e t w e e n  d i f f e r e n t  a d d r e s s  s p a c e s  
p e r m i t s  t h e s e  p r o c e s s e s  t o  e x c h a n g e  i n f o r m a t i o n .  T h e  u s e  
o f  s e m a p h o r e s  a n d / o r  s i g n a l s  p e r m i t  t h e s e  p r o c e s s e s  t o  
c o o r d i n a t e  t h e i r  a c t i v i t i e s  i n  r e s p o n s e  t o  s o m e  u s e r  o r  
n e t w o r k  i n t r o d u c e d  e v e n t ,  

3 c l c  T h e  r e a d e r  i §  c a u t i o n e d  t h a t  t h e  i n f o r m a t i o n  
p r e s e n t e d  h e r e  i s  s i m p l y  a  w o r k i n g  h y p o t h e s i s ,  I t  d o e s  
n o t  n e c e s s a r i l y  p o r t r a y  t h e  a c t u a l  a p p r o a c h  t h a r  w i l l  b e  
u s e d  I n  t h e  1 1 / 4 0  f r o n t e n d ,  s i n c e  t h a t  h a s  n o t  b e e n  
c o m p l e t e l y  d e c i d e d  a t  t h i s  t i m e .  

3 c 2  A d d r e s s  S p a c e  0 *  

3 e 2 a  E L F  K E F N E L  
C o d e  

( i n c l u d e s  e s t i m a t e s  f o r  
s w a p p i n g  d i s k  d e v i c e  d r i v e r ,  
s w a p p i n g  p r i m i t i v e s ,  &  
l o c k - a h e a d  s w a p  s c h e d u l e r )  

3 c 2 b  U T I L I T Y  P a g e  
C o d e  

( i n c l u d e s  VM ELF  L o a d e r ,  
E L F  K e r n e l  D e b u g g e r )  

3 c 2 c  K E R N E L  d a t a  f o r  2 0  u s e r s  
D a t a  

T O T A L  

3 c 2  

1 2 K  R e s i d e n t  

4 K  R e s i d e n t  

8 K  R e s i d e n t  

24K 
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3 c 3  A d d r e s s  s p a c e  1 8  3 c  3  

3 C 3 8  N C P  
C o d e  
E X E C / T E L N E T  M o d i f i e d  f o r  N S W  
p r i n t e r  P r o c e s s  
U s e r  C r o s s r s e t  d e b u o o e r  
U s e r  A d d r e s s  s p a c e  L o a d e r  

3 c 3 b  N C P  b u f f e r s  
D a t a  
E X E C  b u f f e r s  
T E L N E T  b u f f e r s  
U s e r  C r o s s n e t  d e b u o o e r  d a t a  
p r i n t e r  b u f f e r s  ( ? )  

T O T A L  

3 c 4  A d d r e s s  S p a c e  2 j  

3 c 4 a  D i s p l a y  T e r m i n a l  H a n d l e r  
C o d e  
D E X  s u p p o r t  

3 c 4 b  1 1 0  r u n t i m e  
F r o n t e n d  S t o r a g e  M a n a q e f f l e n t  
C L I / D P S  c o m m u n i c a t i o n  b u f f e r  

3 c 4 e  C L T / D T H  c o m m u n i c a t i o n  b u f f e r  
C L I  

T O T A L  

3 c 5  A d d r e s s  s p a c e  3 »  

3 c 5 a  D P S  
C o d e  
L l O  L i s t  r u n t i m e  
D P S  d a t a  

3c5b  D P S  d i s k  w i n d o w  
D a t a  

( i n c l u d e s  s t a e k e l . 2 5 K ,  
l l O r u n t i m e  d a t a » . 7 3 K  

3 c 5 c  L l O  r u n t i m e  
F r o n t e n d  s t o r a g e  M a n a g e m e n t  
C L I / D P S  c o m m u n i c a t i o n  b u f f e r  

4 K  R e s i d e n t  

4 K  R e s i d e n t  C o d e  
, 5 K  R e s i d e n t -  C o d e  

3 , 5 K  R e s i d e n t  C o d e  
I K  R e s i d e n t  C o d e  

6 K  Res ident  

5 K  
7 K  
r  7 5 K  
; 2 5 K  

3 2 K  

2 K  

R e s i d e n t  D a t a  
R e s i d e n t  D a t a  
R e s i d e n t ,  D a t a  
R e s i d e n t  D a t a  

6 K  R e s i d e n t  

R e s i d e n t  C o d e  

3 K  S h a r e d  w /  
, 2 K  D P S  &  C L I  
•  8 K  

4 K  S h a r e d  w /  

1 6 K  

, 5 K  
, 5 K  

2 3 K  P e s i d e n t  

R e s i d e n t  C o d e  
R e s i d e n t  D a t a  

2 K  S w a p a b l e  

•  2 K  
, 8 K  

3 K  S h a r e d  w /  
C L I  &  D T H  

3 c  4  

3 c 5  
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TCT&L 3OK 

3c6 Address Space 4: 3c6 

3c6a CLI 14K Resident 
Code 

3c6fe CLI shared grammar 2K Swapable 
Data 
CLI disk window 8K Swapabie Data 

(includes staeK«2f75K# 
LICruntime data = '.75K, 
FE dates,5K, 
FE free storage zone=2K# 
CLI/OSr data=,75K» 
writable grammars.25k# 
user/node profile=lK) 

3c6c L10 runtime 3K Shared w/ 
Frontend storage Management ,2K Dps & DTH 
CII/DPS communication buffer ,8k 

3c6d CLI/DTH communication buffer 4K Shared w/ 
DTH 

TOTAL 32K 

3c7 Summary 3c7 

3c7a These estimates are relatively complex (because of 
the use of shared pages and such), and its seems 
worthwhile to attempt to develop some perspective 
regarding the way in which this information reflects a 
coherent strategy, 

3c7b First of all, the subtotal that one finds at the 
end of the estimate for each address snace defines how 
much storage is used in that address space, This 
subtotal includes any information stored in shared pages 
since we are defining the requirements of that address 
space and it is important that the number not exceed 32K 
words. But this means that one cannot simply accumulate 
the sizes of each address soace so as to determine the 
physical memory requirements of the Frontend code in the 
11/40, 

3c7c For the reader's convenience# we offer the 

- 1 1 -
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f o l l o w i n g  s u m m a r i z a t i o n  o f  p h y s i c a l  m a i n  m e m o r y  
r e q u i r e m e n t s i  

3 c 7 d  R e s i d e n t  S w a p p e d  S h a r e d  
T o t a l  

A d d r e s s  S p a c e  0  2 4 K  2 4 K  
A d d r e s s  S p a c e  1  3 2 K  3 2 K  
A d d r e s s  S p a c e  2  8 K  8 K  1 6 K  
A d d r e s s  S p a c e  3  2 4 K  2 K  4 K  3 0 K  
A d d r e s s  S p a c e  4  1  4 K  . 1  O K  8 K  3 2 K  

1 0 2 K  +  1 2 K  +  8 K  s  :  1 2 2 K  

3 c 7 d l  [ N o t e !  S i n c e  E L F  c u r r e n t l y  p e r f o r m s  m e m o r y  
m a n a g e m e n t  u s i n g  4 K  w o r d  p a n e s ,  w e  a c t u a l l y  r e q u i r e  
1 2 4 K  w o r d s  f o r  t h e  1 1 / 4 0  F r o n t e n d  r o d e , ]  

3 c 7 e  A  p o i n t  o f  P a r t i c u l a r  c o n c e r n  i s  t h e  s c a r c i t y  o f  
m a i n  m e m o r y  r e s o u r c e s  a n d  t h e  p o s s i b l e  e f f e c t s  o f  t h a t  
c o n d i t i o n .  F o r  e x a m p l e ,  t h e  a b o v e  t a b l e  i n d i c a t e s  t h a t  
1 2 K .  w o r d s  o f  s t o r a g e  a r e  r e q u i r e d  t o  s t o r e  t h e  s w a p p a b l e  
d a t a  t h a t  i s  a s s o c i a t e d  w i t h  a n  i n d i v i d u a l  u s e r  t e r m i n a l ,  
p  w o u l d  m u c h  p r e f e r  t o  h a v e  s e v e r a l  i n s t a n c e s  o f  
s w a p p a b l e  d a t a  r e s i d e n t  i n  m e m o r y  a t  o n e  t i m e  s o  t h a t  
c o n t e x t  s w i t c h i n g  b e t w e e n  u s e r s  w o u l d  b e  i m p r o v e d  ( f r o m  
t h e  p o i n t  o f  v i e w  o f  t i m e ) .  H o w e v e r ,  t h i s  c l e a r l y  i s  n o t  
p o s s i b l e  g i v e n  t h e  p h y s i c a l  c o n s t r a i n t s  o f  t h e  1 1 / 4 0  
p h y s i c a l  m e m o r y  a n d  a  s w a p p i n g  p h i l o s o p h y  t h a t  i n c l u d e s  
o n l v  s w a p p i n g  o f  u n i q u e  t e r m i n a l  d a t a .  F o r  t h i s  r e a s o n ,  
i t  i s  a l m o s t  c e r t a i n  t h a t  s o m e  s t r a t e g y  w h i c h  i n c l u d e s  
t h e  s w a p p i n g  o f  c o d e  a s  w e l l  a s  d a t a  w i l l  b e  a d o p t e d  i n  
t h e  F r o n t e n d ,  

3 d  S o m e  o b s e r v a t i o n s  r e o a r d i n a  t h e s e  E s t i m a t e s  3 d  

3 d  1  D i s K  L i m i t a t i o n s  3 d i  

3 d l a  P e r f o r m a n c e  C h a r a c t e r i s t i c s  o f  C a n d i d a t e  S w a b  
D e v i c e s  

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

- 1 2 -
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3 d l a l a  c h a r a c t e r i s t i c s  
R P 0 4  

P S 0 4  R P O  3  

t v p e  d e v i c e ?  f i x e d -  m o v l n q -  m o v i n o - h e a d  
p r i c e  o f  1  u n i t ?  $ 1 9 2 0 0  $ 3 3 5 0 0  $ 3 5 0 0 0  
w o r d s  p e r  d i s k ?  5 1 2 K  2 C 5 4 8 0 K  4 4 0 0 0 K  
w o r d  t f r  r a t e ?  4 , 0  7 , 5  2 , 5  u s e e  
t i t e  f o r  1 / 2  r e v s  8 . 5  1 2 , 5  8 , 3  m s e c  
n e x t  t r a c k  s e e k ?  -  7 . 5  7 , 0  m s e c  

3 d i a 2  A l t h o u o h  a  f i x e d - h e a d  d i s k  l i k e  t h e  P 5 Q 4  i s  
r e e a r d e d  h i s t o r i c a l i v  a s  s u p e r i o r  t o  a  m o v i n o - h e a d  
d i s k  l i k e  t h e  P P 0 4  a s  a  s w a p p i n g  p e r i p h e r a l ,  t h e r e  a r e  
c i r c u m s t a n c e s  u n d e r  w h i c h  a  m o v i n g « h e a d  d i s k  c a n  h e  
v e r y  c o m p e t i t i v e .  T h i s  s i t u a t i o n  c a n  a r i s ®  w h e n  h e a d  
m o t i o n  i s  h e l d  t o  a  m i n i m u m  ( t h e r e b y  m i n i m i z i n g  t h e  
p e n a l t y  o f  s e e k  t i m e }  a n d  t r a n s f e r s  b e t w e e n  d i s k  a n d  
m a i n  m e m o r v  a r e  a c c o m p l i s h e d  u s i n g  l a r g e  b l o c k  l e n g t h s  
( t h u s  m a x i m i z i n g  t h e  e f f e c t i v e n e s s  o f  h i g h - s p e e d  
t r a n s f e r ) ,  

3 d l b  E f f e c t s  o f  S w a p  L e n g t h  o n  P e r f o r m a n c e  

3 d ! b l  S i n c e  t h e s e  d i f f e r e n t  m a s s  s t o r a g e  d e v i c e s  
h a v e  d i f f e r e n t  t r a n s f e r  r a t e s ,  i t  i s  u s e f u l  t o  m e a s u r e  
t h e  e f f e c t  o f  t r a n s f e r  l e n g t h  o n  t h e i r  p e r f o r m a n c e ,  
T h e u g h  i t  i s  s e l f - e v i d e n t  t h a t  t h e  s m a l l e s t  e l a p s e d  
t i m e  i s  r e q u i r e d  t o  t r a n s f e r  a  s w a p  b l o c k  w h e n  i t  i s  
d c r e  a s  a  s i n g l e  p h y s i c a l  l / o  t r a n s f e r ,  o t h e r  
c o n s i d e r a t i o n s  s o m e t i m e s  p r e c l u d e  t h a t  t h e  s w a p  b e  
p e r f o r m e d  i n  t h a t  m a n n e r .  T h e r e f o r e  w e  s u b m i t  a  t a b l e  
t h a t  d e s c r i b e s  t h e  t i m e  r e q u i r e d  t . o  t r a n s f e r  a  s t o r a a e  
b l o c k  o f  s p e c i f i e d  l e n o t b ;  

3 d l b l a  L e n g t h  R S 0 4  P P 0 3  R P <  • 1 1 I ft 
1 ft 
t 1 m m m m  m m m m  m m m m  

I K  w o r d s  1 2 , 5  3 2 . 0  2 2 . 5  m s e c  
2 K  w o r d s  1 6 , 5  4 0 . 0  2 5 . 0  m s e c  
4 K  w o r d s  2 4 . 5  5 5 . 5  3 0 . 0  m s e c  
8 K  w o r d s  4 0 . 5  8 5 . 0  4 0 , 0  m s e c  

1 6 K  w o r d s  7 2 . 5  1 4 5 , 0  6  0 , 0  m s e c  
2 4 K  w o r d s  1 0 4 . 5  2 0 5  , 0  8 0 , 0  m s e c  
3 2 K  w o r d s  1 3 6 . 5  2 6 6 . 0  i o c . o  m s e c  

3 d t b 2  s e v e r a l  a s s u m p t i o n s  w e r e  m a d e  i n  t h e  a b o v e  
c a l c u l a t i o n s ,  T h e  m o v i n o - h e a d  d i s k  c o l u m n s  c o n t a i n  a n  
e x t r a  1 1 , 7  m s e c  ( f o r  t h e  R F G 4 )  o r  1 2 , 5  m s e c  ( f o r  t h e  
p p 0 3 )  t o  a l l o w  f o r  t h e  a p p r o p r i a t e  h e a d  p o s i t i o n i n g  
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t i m e .  A l l  c o l u m n s  c o n t a i n  t h e  a p p r o p r i a t e  a v e r a g e  
l a t e n c y  b e t w e e n  t r a n s f e r s - " t h e r e b y  r e o u i r i n o  2  
t r a n s f e r s  p e r  r e v o l u t i o n  o f  t h e  d i s F c  i f  t h e  f i g u r e s  
a r e  t o  b e  a c c u r a t e ,  

3 d 1 c  O b s e r v a t i o n s  o n  S w a p  P e r f o r m a n c e  

3 d 1 c 1  A n  i n i t i a l  o b s e r v a t i o n  i s  t h a t  t h e r e  a r e  
r e l a t i v e l y  f e w  s w a n s / s e c o n d  p o s s i b l e  g i v e n  t h e  s i z e  o f  
t h e  C L I  d i s k  w i n d o w ,  T h e  n u m b e r  o f  C L I  d i s k  w i n d o w  
s w a p s  i s  e v e n  f u r t h e r  r e d u c e d  w h e n  w e  i n t r o d u c e  t h e  
C L I  s h a r e d  g r a m m a r  o r  D P S  d i s k  w i n d o w  s w a p s  o f  2 K  
w o r d s  e a c h ,  w h i c h  a r e  a s s u m e d  t o  b e  i n d e p e n d e n t  f r o m  
t h e  C L I  d i s k  w i n d o w  s w a p s ,  G i v e n  t h a t  t h e  C L I  d i s k  
w i n d o w  i s  8 k  w o r d s  a n d  i t  w i l l  b e  t r a n s f e r r e d  a s  2  
b l o c k s  o f  4 K  w o r d s ,  w e  w i l l  b e  a b l e  t o  p e r f o r m  a b o u t  
2 0  s w a n s  p e r  s e c o n d  ( i g n o r i n g  t h e  i s s u e  o f  w h e t h e r  o r  
n o t  o t h e r  s w a n s  o c c u r  d u r i n g  t h a t  t i m e ) .  S i n c e  a  
c o n t e x t  s w i t c h  a m o u n t s  t o  s w a p p i n g  s o m e o n e  o u t  t o  d i s k  
a s  w e l l  a s  s w a p p i n g  a n o t h e r  i n  f r o m  d i s k ,  t h e r e  c a n  b e  
o n  t h e  o r d e r  o f  1 0  p r o c e s s  a c t i v a t i o n s  p e r  s e c o n d  
b e f o r e  t h e  d i s k  c o m p l e t e l y  s a t u r a t e s  w i t h  I / O  t r a f f i c ,  

3 d 1 c 2  o n e  c o n c l u s i o n  i s  t h a t  s o m e  w a y  m u s t  b e  
d e v e l o p e d  t h a t  p e r m i t s  f a s t e r  a c t i v a t i o n  o f  t h e  C L I  
p r o c e s s ,  F o r  e x a m p l e ,  a  s m a l l e r  s w a n  l e n g t h  w o u l d  
h a v e  a n  i m m e d i a t e l y  b e n e f i c i a l  e f f e c t  u p o n  
p e r f o r m a n c e ,  u n f o r t u n a t e l y ,  t h e  v a r i o u s  d i s k  w i n d o w s  
c u r r e n t l y  s e e m  t o  b e  a s  s m a l l  a s  p o s s i b l e  s i n c e  t h e y  
h a v e  a l r e a d y  u n d e r d o n e  a s  m u c h  r e d u c t i o n  i n  s i z e  a s  
s e e m s  r e a s o n a b l e  a t  t h i s  p o i n t .  

3 d 1 c 3  H o w e v e r ,  t h e r e  d o e s  a p p e a r  t o  b e  a  f a v o r a b l e  
s o l u t i o n  t o  t h i s  p r o c e s s  a c t i v a t i o n  s i t u a t i o n .  I t  
C o n c e n t r a t e s  o n  t h e  p e r c e p t i o n  t h a t  C L I  p r o c e s s  
a c t i v a t i o n s  a r e  i n  e i t h e r  o f  2  c a t e a o r i e s :  1 )  
c o l l e c t i n g  k e y s t r o k e s  t h a t  f u r t h e r  t h e  s p e c i f i c a t i o n  
o t  a  c o m m a n d ,  a n d  2 )  c o l l e c t i n a  t h o s e  k e y s t r o k e s  t h a t  
a r e  a r g u m e n t s  C t h e  t e x t u a l  o n e s  i n  p a r t i c u l a r )  o f  t h e  
c o m m a n d ,  i n  t h e  f i r s t  c a s e ,  i t  i s  n e c e s s a r y  t o  
a c t i v a t e  t h e  C L I  p r o c e s s  f o r  e a c h  k e y s t r o k e  s o  t h a t  i t  
c a r  o e r f o r m  t h e  c o m m a n d  p a r s i n g  f u n c t i o n  f o r  w h i c h  i t  
i s  d e s i g n e d ,  I n  t h e  s e c o n d  c a s e ,  h o w e v e r ,  c o n t r o l  c a n  
b e  g i v e n  t o  a  s m a l l e r  n r o c e s s  t h a t  c a n  c o l l e c t  l i t e r a l  
t e x t  k e y s t r o k e s  o n  b e h a l f  o f  t h e  C L I  u n t i l  a n  
a c t i v a t i o n  e v e n t  o c c u r s - - w h e r e u p o n  i t  c a n  r e t u r n  
c o n t r o l  t o  t h e  C L I  w i t h  e v e r y t h i n g  t h a t  h a s  b e e n  
p r e v i o u s l y  e n t e r e d .  
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3 d  1 c 4  G i v e n  t h a t  t n i s  s t r a t e g y . i s  i m p l e m e n t e d ,  t h e  
n u m b e r  o f  t i m e s  t h a t  p r o c e s s  a c t i v a t i o n  m u s t  o c c u r  i s  
c o n s i d e r a b l y  r e d u c e d ' ,  A s  a  c o n s e q u e n c e  o f  t h i s ,  
p e r f o r m a n c e  a s  p e r c e i v e d  b v  t h e  u s e r  s h o u l d  b e  
i m p r o v e d  c o n s i d e r a b l y  w h e n  c o m p a r e d  w i t h  o u r  c u r r e n t  
m o d e  w h e r e  u s e r s a r e  T E L N E T e d  t o  s o m e  h o s t  r u n n i n g  
N L S ,  w e  w o u l d  l l K e  t o  b e  a b l e  t o  r e p o r t  w h a t  
p e r f o r m a n c e  w i l l  p e  l i k e  f o r  p e r h a p s  1 0  o r  2 0  u s e r s  
b a s e d  u p o n  s o m e  a b s o l u t e  s c a l e ,  R e g r e t f u l l y ,  i t  i s  
b e v o n d  o u r  p o w e r  t o  p r o d u c e  s u c h  a n  e s t i m a t e  a t  t h i s  
t i m e .  R a t h e r ,  i t  c a n  b e  s a i d  m o r e  s l m p l v  t h a t  
p e r f o r m a n c e  w i l l  d e g r a d e  a s  t h e  n u m b e r  o f  u s e r s  
i n c r e a s e s ,  i n  a n y  c a s e ,  i t  i s  o u r  h o p e  t h a t  
d e e r a d a t i o n  i n  t h e  1 1 / 4 0  F r o n t e n d  a s  a  r e s u l t  o f  a  
l a r g e  n u m b e r  o f  u s e r s  w i l l  n o t  c a u s e  d e l a y  t h a t  i s  
p e r c e i v e d  b y  t h e  u s e r s ,  

3 d 2  F u t u r e  C o n s i d e r a t i o n s  3 d 2  

3 d 2 a  T h e r e  a r e  a  n u m b e r  o f  c o n s i d e r a t i o n s  t h a t  s u g q e s t  
t h a t  f u t u r e  F r o n t e n d  s y s t e m s  s h o u l d  e m p l o y  a  p r o c e s s o r  
o t h e r  t h a n  t h e  1 1 / 4 0 ,  m o r  e x a m p l e ,  i f  t h e  t l / 4 5  w e r e  
u s e d ,  a d d r e s s  s p a c e  l i m i t a t i o n s  w o u l d  b e  a l l e v i a t e d  
c o n s i d e r a b l y  s i n c e  a n  a d d r e s s  s p a c e  c a n  c o n t a i n  u p  t o  3 2 K  
w o r d s  i n  c o d e  a n d  3 2 K  w o r d s  i n  d a t a .  I n  c o n t r a s t ,  t h e  
1 1 / 4 0  p e r m i t s  3 2 K  w o r d s  f o r  t h e , . s t o r a g e  o f  b o t h  c o d e  a n a  
d a t a ,  m o r e o v e r ,  t h e  1 1 / 4 5  p e r m i t s  a  d e m a n d  p a g i n g  
s t r a t e g y  t o  b e  c l e a n l v  i m p l e m e n t e d  ( u n l i k e  t h e  1 1 / 4 0 )  a n d  
t h i s  s t r a t e g y  s e e m s  t o  b e  t h e  o n e  t h a t  w e  c o n s i d e r  t h e  
m o s t  p r o m i s i n g  f o r  m a i n  m e m o r y  m a n a g e m e n t  i n  t h e  
F r o n t e n d ,  

3 d 2 b  L o n g - r a n g e  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  
1 1 / 7 0  a s  a n  e v e n t u a l  s u c c e s s o r  t n  t h e  1 1 / 4 0  s i n c e  w e  
c u r r e n t l y  r e q u i r e  t h e  m a x i m u m  m e m o r y  s i z e  o n  t h e  1 1 / 4 0  
( a n d  e v e n  t h e  1 1 / 4 5 )  a s  t h e  m i n i m y m  F - ' r o n t e n d  
c o n f i g u r a t i o n ,  w i t h  t h e  o p p o r t u n i t y  t o  c o n f i g u r e  m o r e  
m a i n  m e m o r y  o n  t h e  1 1 / 7 0 ,  h i g h e r  p e r f o r m a n c e  c a n  b e  
a c h i e v e d  s i n c e  l e s s  s w a p p i n g  i s  r e q u i r e d ,  T h e  c a c h e  
s t o r e  o f  t h e  1 1 / 7 0  w o u l d  i n c r e a s e  t h e  e f f e c t i v e  
i n s t r u c t i o n  e x e c u t i o n  r a t e ,  t h e r e b y  i n d e f i n i t e l y  
f o r e s t a l l i n g  t h e  t i m e  w h e n  t h e r e  a r e  i n a d e q u a t e  c P l '  
r e s o u r c e s  a $  a  r e s u l t  o f  s y s t e m  d e m a n d s .  F i n a l l y ,  t h e  
R S 0 4  s w a p p i n g  d i s k  a l m o s t  d o u b l e s  i n  p e r f o r m a n c e  w h e n  
a t t a c h e d  t o  t h e  1 1 / 7 0  s i n c e  I / O  i s  d o n e  o n  a  3 2 - b i t  
( r a t h e r  t h a n  a  1 6 - b i t )  b u s ,  

3 d 2 c  P e r h a p s  m o r e  c o n t r o v e r s i a l ,  b u t  a  l o n ° " r a n g e  
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c o n s i d e r a t i o n  n o n e t h e l e s s #  w o u l d  b e  t h e  u s e  o f  s o m e  n e w  
c o m p u t e r  m a i n f r a m e  w h o s e  a r c h i t e c t u r e  I s  b a s e d  u p o n  a  
3 2 - b i t  w o r d .  A n  e x a m p l e  o f  s u c h  a  s y s t e m  m i g h t  b e  t h e  
| n t e r d a t a  8 / 3 2  o r  p e r h a p s  a  D E C  p r o d u c t  t h a t  m i g h t  b e  
i n t r o d u c e d  a t  s o m e  l a t e r  t i m e .  A l t h o u g h  t h i s  i s  n o t  
r e a l i s t i c  w i t h i n  a  s h o r t  t i m e f r a m e  b e c a u s e  o f  t h e  n e e d  
f o r  A P P A N E T - r e l a t e d  h a r d w a r e  a n d  s o f t w a r e ,  i t  . i s  c l e a r l v  
w i t h i n  t h e  t i m e f r a m e  c i r c u m s c r i b e d  b y  l o n g - r a n g e  
p l a n n i n g ,  

3 d 2 d  i n  c o n c l u s i o n #  s o m e  c o m p u t e r  p o s s e s s i n g  
c h a r a c t e r i s t i c s  s u p e r i o r  t o  t h e  1 1 / 4 0  w o u l d  p e r m i t  m o r e  
c a p a b i l i t i e s  t o  b e  i n s t a l l e d  i n  t h e  F r o n t e n d - - c u r r e n t l y  
d e s i r a b l e  c a p a b i l i t i e s  t h a t  a r e  b e s t  p o s t p o n e d  a n d  f u t u r e  
c a p a b i l i t i e s  t h a t  w i l l  e v e n t u a l l y  c o m e  u n d e r  
c o n s i d e r a t i o n .  
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( J 2 6 1 8 1 )  2 3 - J D L - 7 5  2 0 : 0 9 : : : ?  T i t l e ;  A u t n o r f s i j  J o s e p h  L ,  E h a r d t / J L E ;  
D i s t r i b u t i o n !  / s p i - a r c c  r  i n f o - o n l y  ]  )  :  s u b - C o l i e c t i o n s i  S R I - A R C ?  
C l e r k ;  J L E t  O r i g i n ;  <  F H A R D T ,  N 5 W - P 0 S I T I 0 N - P A P E F . N L S i 3 ,  > ,  
2 3 - J U L - 7 5  7 0 ! 0 6  J L E  :  *  :  J  

# # # #  j * # # # ;  
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J B P  2 4 - J U L - 7 5  1 2 : 4 2  2 6 1 R J  
N S W  M i l e s t o n e s  

1  I n t r o d u c t i o n  1  

l a  T h i s  I s  a  s t a t e m e n t  o f  m i l e s t o n e s  f o r  S R I - A P C s  N S W  e f f o r t #  
t h e s e  a r e  o u r  c u r r e n t  b e s t  e s t i m a t e s #  w e  e x p e c t  t h a t  a s  * e  g e t  
i n t o  t h e  v a r i o u s  t a s k s  o u r  e s t i m a t e s  m a y  c h a n c e  a n d  t h i s  n o t e  
w i l l  b e  u n d a t e d ,  ? a  

l b  T e r m s  l b  

i b l  N L S  8 , 0  l b l  

1 f c 1  a  T h e  e x i s t i n g  N L S  a t  O f f i c e - 1  a n d  B B N B ,  i b i a  

l b 2  N L S  8 . 5  l b 2  

l b 2 a  T h e  N L S  w i t h  t h e  f i l e  s t r u c t u r e  a n d  G r a p h i c s  i n i t i a l  
c a p a b i l i t i e s ,  l b ? a  

1 b 3  N L S  9 , 0  l b 3  

t b 3 a  T h e  N L S  w i t h  t h e  f r o n t - e n d  b a c k - e n d  s p l i t #  u s i n g  t h e  
c L i  a n d  D P S  f o r  c o m m u n i c a t i o n s #  a n d  i n t e g r a t e d  i n t o  t h e  N S W ,  i b 3 a  

1  b 4  C L I  l b 4  

l b 4 a  C o m m a n d  L a n . q u a o e  I n t e r p r e t e r  l b 4 a  

i b 5  D P s  2 , 5  I P S  

i b s a  T h e  D i s t r i b u t e d  p r o g r a m m i n g  s y s t e m  a s  d e f i n e d  i n  J u n e  
1 9 7 5 ,  i h S a  

J b 6  D P S  3 , 0  * - b 6  

I b f c a  T h e  D i s t r i b u t e d  P r o g r a m m i n g  s y s t e m  a s  r e v i s e d  a n d  
r e d e s i g n e d  b y  A p r i l  1 9 7 6 ,  l b 6 a  

1  b 7  A p p l i c a t i o n s  P a c k a g e s  l b " ?  

I h 7 a  S e t s  o f  r e l a t e d  p r o c e d u r e s  .  f o r  c a r r y i n g  o u t  s y s t e m  
a p p l i c a t i o n s #  f o r  e x a m p l e  t h e  F i l e  P a c k a g e ,  ! b 7 a  

i b 8  F E - 1 C  l b 8  

l b 8 a  T h e  F r o n t - E n d  o n  t h e  P D P - 1 0  T e n e x :  t h i s  i s  p r i n c i p a l l y  
t h e  C L I #  b u t  i s  d e p e n d e n t  o n  D P S  a n d  T e r m i n a l  C o n t r o l  
m o d u l e s  a s  w e l l  a s  t h e  o p e r a t i n a  s y s t e m .  l b 8 a  

l b 9  F E - l i  l b 9  
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NSW Milestones 
JBP 24-JUL-75 12:42 26183 

lb9s Tbe Front-End on the PDP-11t this is principally the 
CLI# hut is dependent on DPS and Terminal Control nodules as 
w e n as the operating system, lb9a 

ibio "char tty" lbio 

lbiOa This characterizes the character at a time interaction 
using hardcopy terminals/ withn echoing and prompting 
provided by the CLI. IblOa 

Ibii "half duplex ttv" ibll 

Iblla This characterizes the interaction where the terminal 
echos the characters actually typed, and the C U  has no 
information about how much has been typed (ie, line at a 
time or not) thus the CLI does no echoing or prompting, Iblla 

lb 12 "display" lb 12 

lbl2a This characterizes a full duplex two aimentional 
alphanumeric display work station incorporating a line 
processor, lb!2a 

lb 13 Base 1b13 

lb!3a The central core editing commands of NLS lb!3a 

2  Protocols 2  

2a Distributed Programmino system 2,5 code-10 debugged i5-seo-75 2a 

2b Distributed programming system 2,5 c ode-n debugged i«>-Sep-75 2 b 

2c Distributed Programmino System ver 2,5 documentation l5-cct»75 2c 

2d Applications Packages version 2,5 documentation 15-oct-75 2d 

2e Tool Beating Host version 2,5 documentation 1 5-nov-75 ?e 

2f Measurement and Ffficiency study report 15-oec-75 2f 

2o Distributed Programming System ver 3,0 documentation l-Apr-76 20 

2h Applications Packaaes version 3,0 documentation 1"Apr"76 2h 

3 Front End 3 

3a FF-10 Cchar ttv# new tool) runs l5*Auq»75 3a 

2 
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3b FE-10 Ccnar ttv# old tool) runs l5-0Ct-75 3b 

3c FE-10 (half dunlex tty, new & old tool) runs 15-Cct-75 3c 

3d FE*10 (disDlay# new tool) rup,s 15-QCt-75 3d 

3e FE-11 (char ttv* new tool) runs 1 - Ja.n-7 6  3e 

3 f FE-ll (char tty, old tool) runs 1-Jan-76 3 f 

3g FE-11 (display,, new tool) runs 15-Feb-76 3d 

3h Measurement and Efficiency study report l-Apr-76 3h 

31 Command Meta Language Evaluation report l-Apr-76 31 

31 New Front End features study report l-Apr-7fe 31 

NLS 4 

4a WM-NLS file interaction desian document l-Auo-75 4« 

4b NLS 8,6 peady fo r  exoe rimental us© 15-AuO"75 4b 

4c Identification system specification document 1 5  •  A U Q - 7 5 4c 

4d Base i n  NSW accessed in char tty MODE 21-AUQ-75 4d 

4e journal deslqn document 1-Seo-75 4e 

4F proarams subsystem l-0Ct-75 4 f 

4cj Cobol Output subsystem in 8,0 or 8.5 1-Oct"7 5 4 a 

4h Base in NSW accessed in display mode 15-NOV-75 4h 

41 modify, format,letterf publish subsystems in 8.5 15-NOV-75 4 i 

41 Calculator subsystem 1-Dec-75 41 

4k NLS 8,5 ready to be used by the utility 1-Jan-76 4k 

41 Output Processor modifications 1-Mar-76 41 

4 m modify* format,letter * publish subsystems in 8.0 1-Mar"76 4m 

4n Sepdmail and Journal l-Apr-76 4n 

4o Graphics in nLS 9,0 l-Apr-76 4o 
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4 d  L S I  1 1  t e r m i n a l  c o n t r o l l e r  i - A o r - 7 6  4 p  

D o c u m e n t a t i o n  5  

5 a  N L S  B a s e  s u b s y s t e m  d o c u m e n t a t i o n  1 - O c t - 7 5  5  a  

5 b  N L S  P r o g r a m s  s u b s y s t e m  d o c u m e n t a t i o n  l - N o v - 7 5  5 b  

5 c  N L S  M o d i f y #  F o r m a t #  L e t t e r #  P u b l i s h  s u b s y s t e m  d o c  1 5 - D e c - 7 5  5 c  

5  d  N L S  C a l c u l a t o r  s u b s y s t e m  d o c u m e n t a t i o n  1 5 - D e c - 7 5  5 d  

5 e  F r o n t  F n d  u s e r  d o c u m e n t a t i o n  C o n  l i n e )  1 - J a n - 7 6  5 e  

5  f  F r o n t  E n d  u s e r  d o c u m e n t a t i o n  ( o f f  l i n e )  t - J a n - 7 6  5  f  

5 o  F r o n t  F n d  s y s t e m  d o c u m e n t a t i o n  1 5  » j a n  m 7  6  5 g  

5 h  F r o n t  E n d  t o o l  s u p p l i e r s  i n f o r m a t i o n  d o c u m e n t  l - F e n - 7 6  5 h  

5 1  n e b u g g e r  D o c u m e n t  1 - F e b - 7 6  5  i  

5 1  N L S  J o u r n a l  d o c u m e n t a t i o n  l - A p r - 7 6  5 1  
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la Richard W, Watson* Charles H, irby# James E« (Jim) white# 
Elizabeth K. Michael# Beverly Boll# Jonathan B, Postal, 
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T w o  N e w  I d e n t S t  O n e  R e a l  e n d  O n e  F a k e  
D V N  2 4 - J U L - 7 5  1 3 * 4 7  2 6 1 8 4  

1  M a r c l a ,  w o u l d  y o u  c r e a t e  t w o  i d e n t s  f o r  m e ,  O n e  i $  B e t h  S h e r m a n ,  
h e r  a d d r e s s  i s  r o o m  K 1 C 9 6  a t  S R I ,  e x t e n s i o n  2 6 3 3 ,  s h e  i s  p a r t  o f  t h e  
I n f o r m a t i o n  s c i e n c e s  L a b ,  D e l i v e r y  h a r d c o p y .  S h e  w a n t s  t o  h e  B s *  i f  
t h a t  i s  T A K E N  B E T H ,  i f  t h a t  i s  t a k e n  E L S .  T h e ^ o t h e r  i s  a  f a k e  i d e n t  
f o r  u s e  I n  u s e r  d e c r e m e n t a t i o n .  l e t s  m a k e  h i m  H y p o t h e t i c a l  C H y l  0  
U s e r ,  t d e n t  H G t J ,  A d d r e s s  i s  A u g m e n t a t i o n  R e s e r a c h  c e n t e r .  N o  
d e l i v e r y . , , . T h a n k s ,  
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1  2 6 1 8 4  D i s t r i b u t i o n  
l a  M a r c l a  L .  K e e n e y ,  p a t  w h i t i n g  Q ' K e e t e ,  A n n  W e i n b e r g  B e v e r l y  B o l l *  
J a m e s  H i  B a i r #  K i r K  E ,  K e l l e y ,  
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response to vour cobol memo 
JAC3 24-JUL-75 17s24 2618B 

1 After reading your memo <Hourn«l # 32066> and large parts of the 
B4700 cOBOL manual I have several comments to make and questions to 
ask? 1 

? Comments 2 

2a On pane 56»5 of the manual AFC 171-121(el) vol III# it states 
that items *nicn be qin in area A start in Col 8 and items Which 
begin in area B start in col 12, Hence your positioning strategy 
is invalid, Here is the strategy Elizabeth and i propose for the 
first source line of an Nl,S statement. 2a 

2al Level 1 statements will start in column 8, Except within 
the data division# aii_other statements will start.in column 
12, within the data.division, statements in the file section 
are either C my terminology follows ) FD statements or SD 
statements or orouoed in record descriptions, 2al 

2aja All FD a nd SD statements will be handled similarly tq 
statements outside the data division. The first statement 
of a record description should be level 1 and as such will 
begin in column 8, Subsequent statements In the same record 
description will be indented two columns oer level, The 
Ccrol level number will be inserted using the formula 2ala 

2ala.l COBOL level = 2*( NLS level ) - i 2alal 

2a2 Statements in the data division which are not in the file 
section are i n  the w 0rking-storaoe section. Statements here 
are either 66# 77 or 88 statements or grouped in record 
descriptions, 2a2 

282a All 66,77 and 88 statements will be ha ndled simiiarlv 
to statements Outside the data division, statements in 
record descriptions will be handled similarly to record 
descriptions in the file section, 2a2a 

2b Here is cur strategy for continuations lines, Our Philosophy 
is that the oroarammer will not think in terms of continuations at 
all? rather, continuations are handled solely by CQBOLAID, In 
other words# no NLS statement will be a continuation of the 
preceding NLS statement. The programmer will be able to think 
solely in terms of NLS statements, Thus what follows is a 
description of what ChBOLAlD will do, not what the programmers 
must do. 2b 

2b1 Comments will be broken at word boundary Into several 
comments. Note that for COBCLAID, a comment is any NLS 
statement, reoardless of level, whose first non-blank character 

I 



J A C 3  2 4 - J U L - 7 5  1 7  :  2 4  2 6 1 6 5  
r e s p o n s e  t o  v o u r  e q b o l  m e m o  

i s  A w o r d  w h i c h  i s  t o o  f o l d  f o r  o n e  s o u r c e  l i n e  w i l l  b e  
s i m p l y  s p l i t  a c r o s s  c o m m e n t s .  2 b  1  

7 b ?  A l l  o t h e r  c o n t i n u a t i o n  c i r c u m s t a n c e s  i n v o l v e  a  c o n t i n u a t i o n  
c h a r a c t e r , " - " ,  b e i n c  p l a c e d  i n  c o l u m n  7  a n d  t h e  c o n t i n u a t i o n  
c o m m e n c i n g  i n  c o l u m n  1 2 ,  2 b  2  

3  Q u e s t i o n s  3  

3 a  D o  y o u  s t i l l  w i s h  t o  h a n d l e  t h e  i d e n t i f i c a t i o n  a r e a  a s  y o u  
o r i o i n a l l v  s t a t e d  ?  3 a  

3 p  DO y o u  s t i l l  w i s h  t o  h a n d l e  t h e  s e q u e n c e  n u m b e r s  a s  y o u  
o r i o i n a l l v  s p e c i f i e d  ?  3 b  

3 b 1  I  t h i n k  i t  i s  s u f f i c i e n t  t o  h a v e  t h e  s l d  o f  t h e  
c o r r e s p o n d i . n o  N L S  s t a t e m e n t  a p p e a r  i n  c o l u m n s  1 - 6  r i g h t  
j u s t i f i e d  w i t h  z e r o  f i l l  a s  t h e  s e q u e n c e  n u m b e r  f o r  a  s o u r c e  
c a r d ,  i t  s e e m s  s u p e r f l u o u s  t o  m e  t o  h a v e  c o l u m n  6  e s s e n t i a l l y  
b e  a  c o u n t e r  f o r  c o n t i n u a t i o n s ,  t h u s  p l a c i n g  a n  i m p l i c i t  l i m i t  
o n  t h e  n u m b e r  o f  s o u r c e  c a r d s  a n  NIJS s t a t e m e n t  c a n  a e n e r a t e ,  3 b l  

3 C  D o  y o u  s t i l l  w a n t  o a o e  t h r o w s  t o  b e  i m p l i c i t l y  g e n e r a t e d  b e f o r e  
t h e  d a t a  a n d  p r o c e d u r e  d i v i s i o n s  ?  3 c  

3 d  I n  y o u r  d i s c u s s i o n  o f  s e q u e n c e  n u m b e r s ,  I  d o  n o t  u n d e r s t a n d  
w h a t  v o u  m e a n  b y  » A c a r d  i n s e r t e d  b e t w e e n  s t a t e m e n t s f  o n  t h e  
d i r e c t i o n  o f  t h e  p r o g r a m m e r  . . 1 " ,  3 d  

2 



r e s p o n s e  t o  v o u r  c o b o l  n e ^ o  
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26185 Dis t r ibu t ion  
l a  L a w r e n c e  A ,  d r a i n #  H a r v e y  G .  L e h t m a n #  E l i z a b e t h  K ,  M i c h a e l .  
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J A C 3  2 4 - J U L - 7 5  1  7  : 2 7  2 6 1 9 6  
r e s p o n s e  t o  v o u r  c o b o l  m e m o  

1  a f t e r  r e a d i n g  y o u r  m e m o  < i 1 o u r m a l > 3 2 0 6 6 >  a n d  l a r g e  p a r t s  o f  t h e  
B 4 7 0 0  c O B O L  m a n u a l  I  h a v e  s e v e r a l  c o m m e n t s  t o  m a k e  a n d  q u e s t i o n s  t o  
a s k :  1  

2  C o m m e n t s  2  

2 a  O n  c a g e  5 6 - 5  o f  t h e  m a n u a l  A F C  1 7 1 * 1 2 1 C c i )  v o l  I I I ,  i t  s t a t e s  
t h a t  i t e m s  « h i C h  b e o i n  i n  a r e a  A  s t a r t  i n  c o l  9  a n d  i t e m s  w h i c h  
b e g i n  i n  a r e a  R  s t a r t  i n  c o l  1 2 .  H e n c e  y o u r  p o s i t i o n i n g  s t r a t e o y  
i s  i n v a l i d .  H e r e  i s  t h e  s t r a t e g y  E l i z a b e t h  a n d  I  p r o p o s e  f o r  t h e  
f i r s t  s o u r c e  l i n e  o f  a n  N L S  s t a t e m e n t .  2 a  

2 a l  L e v e l  1  s t a t e m e n t s  w i l l  s t a r t  i n  c o l u m n  8 .  E x c e p t  w i t h i n  
t h e  d a t a  d i v i s i o n ,  a n  o t h e r  s t a t e m e n t s  w i n  s t a r t  i n  c o l u m n  
1 2 .  w i t h i n  t h e  d a t a , d i v i s i o n ,  s t a t e m e n t s  i n  t h e  f i l e  s e c t i o n  
a r e  e i t h e r  C  m v  t e r m i n o l o g y  f o l l o w s  )  F D  s t a t e m e n t s  o r  S D  
s t a t e m e n t s  o r  g r o u o e d  " i n  r e c o r d  d e s c r i p t i o n s .  2 a i  

2 a i a  A l l  F D  a n c  S D  s t a t e m e n t s  w i l l  b e  h a n d l e d  s i m i l a r l y  t o  
s t a t e m e n t s  o u t s i d e  t h e  d a t a  d i v i s i o n .  T h e  f i r s t  s t a t e m e n t  
o f  a  r e c o r d  d e s c r i p t i o n  s h o u l d  b e  l e v e l  1  a n d  a s  s u c h  w i l l  
b e g i n  i n  c o l u m n  9 .  S u b s e a u e n t  s t a t e m e n t s  i n  t h e  s a m e  r e c o r d  
d e s c r i p t i o n  w i l l  b e  I n d e n t e d  t w o  c o l u m n s  p e r  l e v e l .  T h e  
C O B O L  l e v e l  n u m b e r  w i l l  b e  i n s e r t e d  u s i n g  t h e  f o r m u l a  2 a i a  

2 a 1  a  1  C O B O L  l e v e l  *  ? * (  N L S  l e v e l  5  -  1  2 a l a l  

2 a 2  S t a t e m e n t s  i n  t h e  d a t a  d i v i s i o n  w h i c h  3 r e  n o t  i n  t h e  f i l e  
s e c t i o n  e r e  i n  t h e  w 0 r k i n g - s t o r a o e  s e c t i o n .  S t a t e m e n t s  h e r e  
a r e  e i t h e r  6 6 ,  7 7  o r  8 8  s t a t e m e n t s  o r  g r o u p e d  i n  r e c o r d  
d e s c r i p t i o n s .  2 a 2  

2 & 2 s  A l l  6 6 , 7 7  a n d  9 8  s t a t e m e n t s  w i l l  b e  h a n d l e d  s i m i l a r l y  
t o  s t a t e m e n t s  o u t s i d e  t h e  d a t a  d i v i s i o n ,  S t a t e m e n t s  i n  
r e c o r d  d e s c r i p t i o n s  w i l l  b e  h a n d l e d  s i m i l a r l y  t o  r e c o r d  
d e s c r i p t i o n s  I n  t h e  f i l e  s e c t i o n ,  2 a 2 a  

2 b  H e r e  i s  o u r  s t r a t e g y  f o r  c o n t i n u a t i o n s  l i n e s .  O u r  p h i l o s o p h y  
i s  t h a t  t h e  p r o g r a m m e r  w i n  n o t  t h i n k  i n  t e r m s  o f  c o n t i n u a t i o n s  a t  
a l l s  r a t h e r ,  c o n t i n u a t i o n s  a r e  h a n d l e d  s o l e l y  b y  C Q B Q L A I D ,  I n  
o t h e r  w o r d s ,  n o  N LS  s t a t e m e n t  w i l l  b e  a  c o n t i n u a t i o n  o f  t h e  
p r e c e d i n g  N LS s t a t e m e n t .  T h e  p r o g r a m m e r  w i l l  b e  a b l e  t o  t h i n k  
s o l e l y  i n  t e r m s  o f  N L S  s t a t e m e n t s .  T h u s  w h a t  f o l l o w s  i s  a  
d e s c r i p t i o n  o f  w h a t  CCPPLAi n  w i l l  d o ,  n o t  w h a t  t h e  p r o g r a m m e r s  
m u s t  d o .  2 b  

2 b t  C o m m e n t s  w i l l  b e  b r o k e n  a t  w o r d  b o u n d a r y  i n t o  s e v e r a l  
c o m m e n t s .  N o t e  t h a t  f o r  C Q B 0 L A I D ,  a  c o m m e n t  i s  a n y  N L S  
s t a t e m e n t ,  r e g a r d l e s s  o f  l e v e l ,  w h o s e  f i r s t  n o n - b l a n k  c h a r a c t e r  

1 



J A C 3  2 4 - J U L- 7 5  1  7  S  2 7  2 6 1 0 6  
r e s p o n s e  t o  y o u r  e o b o l  m e m o  

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

2 b 2  A l l  e t h e r  c o n t i n u a t i o n  c i r c u m s t a n c e s  i n v o l v e  a  c o n t i n u a t i o n  
c h a r a c t e r # " » " #  b e i n g  p l a c e d  i n  c o l u m n  7  a n d  t h e  c o n t i n u a t i o n  
c o m m e n c i n g  i n  c o l u m n  1 2 ,  

3  Q u e s t i o n s  

3 a  D o  v o u  s t i l l  w i s h  t o  h a n d l e  t h e  I d e n t i f i c a t i o n  a r e a  a s  y o u  
o r i o i n a l l v  s t a t e d  ?  

3 b  n o  you  s t i l l . w i s h  t o  h a n d l e  t h e  s e q u e n c e  n u m b e r s  a s  y o u  
o r i o i n a l l v  s p e c i f i e d  ?  

3 b i  I  t h i n k  i t  i s  s u f f i c i e n t  t o  h a v e  t h e  s l d  o f  t h e  
c o r r e s p o n d i n g  N L S  s t a t e m e n t  a p p e a r  I n  c o l u m n s  i - b  r i g h t  
" J u s t i f i e d  w i t h  z e r o  f i l l  a s  t h e  s e q u e n c e  n u m b e r  f o r  a  s o u r c e  
c a r d ,  I t  s e e m s  s u p e r f l u o u s  t o  m e  t o  h a v e  c o l u m n  6  e s s e n t i a l l y  
b e  a  c o u n t e r  f o r  c o n t i n u a t i o n s *  t h u s  p l a c i n g  a n  i m p l i c i t  l i m i t  
o n  t h e  n u m b e r  o f  s o u r c e  c a r d s  a n  N L S  s t a t e m e n t  c a n  g e n e r a t e , 1  

i 
3 c  D o  v o u  s t i l l  w a n t  p a g e  t h r o w s  t o  b e  i m p l i c i t l y  g e n e r a t e d  b e f o r e  
t h e  d a t a  a n d  p r o c e d u r e  d i v i s i o n s  ?  

3 d  T n  y o u r  d i s c u s s i o n  o f  s e q u e n c e  n u m b e r s *  I  d o  n o t  u n d e r s t a n d  
w h a t  v o u  m e a n  b v  " A  c a r d  i n s e r t e d  b e t w e e n  s t a t e m e n t s !  o n  t h e  
d i r e c t i o n  o f  t h e  p r o g r a m m e r  

2 b  1  

2 b 2  

3  

3 a  

i b  

3 b  1  

3  c  

3 d  

2 
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