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Preface 

T h i s m a n u a l is a d e s c e n d e n t of t h e Hydra Songbook, w h i c h w a s c o n c e i v e d , 
w r i t t e n , a n d d i s s e m i n a t e d b y Br ian Reid to f i l l t h e void le f t b y t h e l a c k of u s e r 
d o c u m e n t a t i o n fo r H y d r a . L ike t h e Songbook, t h i s d o c u m e n t i s i n t ended , t o 
c o n t a i n t h o s e t h i n g s t h a t a r e of gene ra l i n t e r e s t to t h e u se r c o m m u n i t y . 

T h e User ' s M a n u a l is p u b l i s h e d in t w o par t s . T h e f i r s t c o n t a i n s t h o s e 
c h a p t e r s t h a t a r e of i n t e r e s t to gene ra l use r s , s u c h as t h e i n t r o d u c t o r y m a t e r i a l 
a n d t h e c h a p t e r s on t h e Command Language . The second c o n t a i n s r e f e r e n c e 
m a t e r i a l o n t h e v a r i o u s s u b s y s t e m s . Most use r s w i l l f ind t h e f i r s t p a r t s u f f i c i e n t 
f o r t h e i r n e e d s . 

W e w o u l d l i k e to t h a n k t h e m a n y people w h o c o n t r i b u t e d m a t e r i a l t o t h i s 
m a n u a l . W i t h o u t t h e i r e f fo r t s and coopera t ion, t h e User 's M a n u a l c o u l d n o t h a v e 
c o n t a i n e d t h e a m o u n t and v a r i e t y of ma te r i a l t h a t i t does. Also, w e w o u l d l i k e t o 
t h a n k Dan K l e i n , w h o p r o v i d e d c o m m e n t s on an ear l ie r d ra f t of t h i s d o c u m e n t . 

A n d y R e i n e r 
J o e N e w c o m e r 

A u g u s t 1 9 7 7 
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1-1 

P a r t I : I n t r o d u c t i o n t o H y d r a 

1 . - T h e C.mmp User Commun i ty Fo rum 

T h e r e is a b u l l e t i n board h a n g i n g in t h e C .mmp room w h o s e p u r p o s e Is t o 
h o l d g r a f f i t i a n d b u l l e t i n s f rom Hydra use r s to each o t h e r . If y o u fee l t h e u r g e t o 
u s e t h e P D P - 1 0 ' s to a i r y o u r g r ipes , a n y ma i l s en t to HY97 [ N 8 1 0 H Y 9 7 ] w i l l b e 
p o s t e d o n t h e g r i p e board if r e l e v a n t . 

1 . 1 . F e e d b a c k 

T h i s d o c u m e n t w i l l be upda t ed per iod ica l ly , u s i n g i n f o r m a t i o n g l e a n e d f r o m 
( a ) e x p e r i e n c e , ' (b) c o m p l a i n t s , (c) t h e Hydra b u l l e t i n board , and (d) t h e H y d r a 
p e o p l e . A c o p y of i t w i l l a l w a y s be cm f i le i n t h e C.mmp r o o m , a n d s o m e 
m e c h a n i s m for i t s d i s t r i b u t i o n w i l l be set u p . 

1 .2 . S c h e d u l e o f A v a i l a b i l i t y 

T h e C . m m p s c h e d u l e can be found on t h e b u l l e t i n boards i n t h e t e r m i n a l 
r o o m a n d t h e C.mmp room. Th i s i n f o r m a t i o n is a lso i n t h e f i l e 
SCHED.DOC[N811HY97] . 

« 
S i g n u p s h e e t s and an e x p l a n a t i o n of t h e s i g n u p s y s t e m a re pos ted i n t h e C . m m p r o o m . 

1.3 . T h e s y s t e m n e w s 

T h e r e a r e t w o f i les on t h e Hydra "use r " area (on t h e P D P - 1 0 ) : 
N E W S . D O C [ N 8 1 0 H Y 9 7 ] and SYSNEW.DOC[N810HY97]. NEWS c o n t a i n s o n e - l i n e 
b l u r b s a b o u t c h a n g e s to t h e s y s t e m or s u p p o r t p r o g r a m s . SYSNEW.DOC g o e s i n t o 
m u c h g o r i e r de t a i l and m a y p o i n t to m o r e e x t e n s i v e d o c u m e n t a t i o n . 

1.4 . T h e S y s t e m Area 

M o s t s o f t w a r e d e v e l o p m e n t for Hydra t a k e s p lace on t h e P D P - 1 0 . T h e H y d r a 
g r o u p a t t e m p t s t o m a k e as m u c h data as poss ible ava i l ab l e on t h e H y d r a u s e r -
s y s t e m s a rea , a c c o u n t n u m b e r [ N 8 1 1 H Y 9 7 ] . S i g n i f i c a n t h e r e a r e t w o f i l e s , 
DOC.DOC[N81 1HY97] , t h e root of i h e d o c u m e n t a t i o n f i l e t r e e , a n d 
R E Q . D O C [ N 8 1 1 H Y 9 7 ] , w h i c h d o c u m e n t s al l B U S S / 1 1 " r e q u i r e " f i les . T h e p e o p l e 
r e s p o n s i b l e fo r H y d r a d o c u m e n t a t i o n , u n d e r t h e w a t c h f u l e y e of J o e N e w c o m e r , 
u s u a l l y m a i n t a i n a p r o p e r l y c u r r e n t l i s t in DOC.DOC of a n y d o c u m e n t a t i o n w h i c h 
s e e m s t o m a k e sense . 

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

T h i s c h a p t e r is i n t ended to p rov ide a n e w use r of t h e C.mmp h a r d w a r e a n d 
t h e H y d r a o p e r a t i n g s y s t e m w i t h e n o u g h i n f o r m a t i o n to be able to p e r f o r m u s e f u l 
w o r k w i t h i n a s h o r t a m o u n t of t ime . The m a i n e m p h a s i s w i l l be u p o n h o w t o u s e 
t h e s y s t e m r a t h e r t h a n t h e w h y ' s or w h e r e f o r s . It is a s sumed t h a t t h e r e a d e r h a s 
e x p e r i e n c e w i t h o t h e r c o m p u t e r sys t ems and need o n l y be i n s t r u c t e d i n t h e 
d i f f e r e n t s t r u c t u r e of H y d r a / C . m m p . U n f o r t u n a t e l y , H y d r a is a s y s t e m t h a t i s 
q u i t e d i f f e r e n t f r o m s tandard systems so t a s k s w h i c h m a y be s i m p l e on o t h e r 
s y s t e m s m a y a p p e a r d i f f i cu l t or a w k w a r d to p e r f o r m on Hydra . C o n v e r s l y , t a s k s 
w h i c h a r e " imposs ib l e " on o t h e r sys tems m a y be t r i v i a l (or at least pos s ib l e ) o n 
H y d r a . 

H y d r a h a s embod ied in it severa l ideas and concep t s w h i c h a r e n o t s e e n i n 
m o s t " s t a n d a r d " o p e r a t i n g sys tems . First , and p e r h a p s mos t i m p o r t a n t l y , C . m m p i s 
a m u l t i p r o c e s s o r . Hydra a l l o w s t h e u se r to e x p l o i t t h i s a r c h i t e c t u r e ( b y 
s u p p o r t i n g m u l t i p r o c e s s i n g ) , or to ignore i t (by p r o v i d i n g a gene ra l p u r p o s e t i m e ­
s h a r i n g s y s t e m ) . Secondly , t h e r e is t h e no t i on of p o l i c v / m e c h a n i s m s e p a r a t i o n i n 
H y d r a . You w i l l (if y o u h a v e n ' t a l ready) h e a r people r e f e r r i n g to t h e Kernel. T h e 
k e r n e l i s t h e p a r t of t h e Hydra sys tem t h a t m a n a g e s t h e (phys i ca l and v i r t u a l ) 
r e s o u r c e s of t h e m a c h i n e . Indeed, t h e k e r n e l ha s s o m e t i m e s been desc r ibed a s a n 
" e x t e n s i o n " of t h e PDP-11 1 i n s t ruc t ion set . H o w e v e r , t h e k e y w o r d h e r e i s 
m a n a g e s . T h e k e r n e l m e r e l y m a i n t a i n s t h e c o m m o n pool of r e sou rce s , s u c h as 
m e m o r y ( b o t h p r i m a r y and secondary) and processors . The k e r n e l m a k e s n o 
a t t e m p t to i m p l e m e n t a pol icy u n d e r w h i c h t he se r e s o u r c e s a re d i s r i b u t e d t o 
u s e r s . T h o s e p roces ses t h a t do prov ide pol icy dec i s ions a re i m p l e m e n t e d a t t h e u s e r 
l e v e l . T h i s p r o v i d e s g r ea t f l ex ib i l i t y in des ign of u s e r fac i l i t i es . ( T h e o r e t i c a l l y , 
e v e r y u s e r on t h e s y s t e m can be l i v ing on a d i f f e r e n t o p e r a t i n g s y s t e m ) . F i n a l l y , 
H y d r a u t i l i z e s a Capab i l i tv -based protec t ion s y s t e m . Because an u n d e r s t a n d i n g of 
t h i s p r o t e c t i o n s y s t e m is f u n d a m e n t a l p r e r e q u i s i t e to u s i n g Hydra , t h e f o l l o w i n g 
s e c t i o n s d e s c r i b e c a p a b i l i t y - based sys tems and capab i l i t i e s . 

2 . 1 . P r o t e c t i o n i n Opera t ing systems 

P r o t e c t i o n i n a c o m p u t e r sys tem can c o n c e p t u a l l y be v i e w e d b y c o n s i d e r i n g 
t w o c l a s s e s of e n t i t i e s and t h e a l lowed i n t e r a c t i o n s b e t w e e n t h e m . T h e c l a s se s of 
e n t i t i e s a r e : « • 

> T h e a c t i v e e l e m e n t s in t h e sys tem, s u c h as ' use rs ' or processes 
> P a s s i v e or ' ac ted u p o n ' e l ements , s u c h as f i les or I/O dev ices . 

One can v i e w t h e a l l owed in t e r ac t i ons as be ing de f ined by a 2 - d i m e n s i o n a l 
m a t r i x - o n e d i m e n s i o n be ing t h e ac t ive e l e m e n t s , t h e o t h e r t h e pass ive ones , w i t h 
e n t r y ( i , j ) c o n t a i n i n g t h e opera t ions t h a t a c t i v e e l e m e n t i is p e r m i t t e d to p e r f o r m 

1 The processors used In the C.mmp hardware are PDP-1 Is 
2 
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I n a Capability based p ro t ec t ion sys t em t h e access i n f o r m a t i o n is a s s o c i a t e d 
w i t h t h e a c t i v e e l e m e n t s . Each a c t i v e e l e m e n t h a s a l i s t of c apab i l i t i e s w h i c h 
d e f i n e t h e p a s s i v e e l e m e n t s it can m a n i p u l a t e . A s ing le c a p a b i l i t y c o n t a i n s : 

> a n i n d i c a t i o n of t h e pass ive e l e m e n t it r ep re sen t s ( t h e n a m e or add re s s of t h e 
p a s s i v e e l e m e n t ) 

> a l i s t of r i g h t s desc r ib ing t h e h o w t h e possessor of t h e c a p a b i l i t y m a y 
m a n i p u l a t e t h e object . 

H e r e l i e s a f u n d a m e n t a l d i f f e r ence b e t w e e n c a p a b i l i t y and a u t h o r i t y b a s e d 
s y s t e m s . I n T O P S - 1 0 , say, w h e n y o u c rea te a f i le , i t is a s s u m e d a p r i o r i t h a t y o u 
h a v e o w n e r s h i p of t h e f i le . In Hydra , nobody " o w n s " a n y ob jec t , j u s t c a p a b i l i t i e s 
t o o b j e c t s . H o w e v e r , a u se r can a s s u m e f u n c t i o n a l o w n e r s h i p of an ob jec t i f h e 
p o s e s s e s t h e so le capab i l i t y to i t . 

As m i g h t be expec ted , u s e r s c a n n o t be a l l owed to d i r e c t l y m a k e or m o d i f y 
c a p a b i l i t i e s . I n s t ead , o n l y i nd i r ec t m a n i p u l a t i o n t h r o u g h t h e o p e r a t i n g s y s t e m 
c a n b e p e r m i t t e d . T h e r e m u s t also be r e s t r i c t i ons u p o n h o w n e w capab i l i t i e s m a y 
b e c r e a t e d ( a n d w h a t r i g h t s t h e y h a v e ) and h o w names a r e to be added to a c c e s s 
l i s t s . 

2 . 2 . H y d r a O b j e c t s 

T h e H y d r a k e r n e l i m p l e m e n t s a genera l ized c a p a b i l i t y based p r o t e c t i o n 
s y s t e m . E v e r y t h i n g in t h e s y s t e m - p rog rams , f i les , m e m o r y , e t c . is r e p r e s e n t e d b e 
e n t i t i e s ca l l ed Objects. An object cons i s t s of t w o par t s : 

2.1 

u p o n t h e p a s s i v e e l e m e n t j . Note t h a t each e l emen t ( i j ) m a y c o n t a i n zero o r m o r e 
o p e r a t i o n s . For e x a m p l e , an ac t ive e l e m e n t (a use r ) m a y be p e r m i t t e d t o p e r f o r m 
o p e r a t i o n X ( r e a d ) on some pass ive e lemenl (a f i le) . 

D u e t o t h e sparseness and u n i f o r m i t y of t h e a l l o w e d a c t i o n s a n d t h e 
p o t e n t i a l l y l a r g e size, i t is imprac t i ca l to s tore ac tua l p r o t e c t i o n i n f o r m a t i o n a s a 
m a t r i x . I n s t e a d t h e i n f o r m a t i o n is s tored w i t h t h e e l e m e n t s i n o n e of t h e 
d i m e n s i o n s . In a n Authority based p ro t ec t ion sys t em t h e i n f o r m a t i o n i s s t o r e d 
w i t h t h e p a s s i v e e l e m e n t s (e.g., f i les) . Each pass ive e l e m e n t h a s associa ted w i t h i t 
a n access l i s t , w h i c h is a l ist of n a m e s of ac t ive e l e m e n t s a n d t h e i r a l l o w e d a c c e s s 
m o d e s . T h i s t a k e s f u l l advan tage of t h e sparseness of t h e m a t r i x and is i n p a r t t h e 
w a y T S S / 3 6 0 a n d M u l t i c s h a n d l e p ro tec t ion . Typ ica l ly , h o w e v e r , a d d i t i o n a l 
f a c i l i t i e s a r e u s e d to h a n d l e t h e u n i f o r m i t y . If ac t ive e l e m e n t s a r e d i v i d e d i n t o a 
f e w l a r g e g r o u p s ( s u c h as project g r o u p i n g s or an ' e v e r y o n e ' g r o u p ) t h e n a c c e s s 
m a y b e p e r m i t t e d to g r o u p s of a c t i ve e l em en t s . The TOPS-10 m o n i t o r on t h e Dec 
P D P - 1 0 u s e s t h i s m e t h o d e x c l u s i v e l y , d i v i d i n g t h e u se r c o m m u n i t y i n t o 3 c l a s s e s 
of g r o u p i n g s : a u s e r , a user ' s p ro jec t and e v e r y o n e else, r e s t r i c t i n g access t o f i l e s 
a c c o r d i n g to w h i c h c lass i f ica t ion t h e r e l a t i o n s h i p b e t w e e n t h e access ing u s e r a n d 
t h e o w n e r of t h e f i le fal ls i n to . 
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> A l i n e a r l y o rde red l i s t of capabi l i t ies , called t h e C-list9 i n d i c a t i n g w h i c h 
o t h e r o b j e c t s in t h e sy s t em th i s object (or i ts m a n i p u l a t o r ) m a y access . 

> A data-part, w h i c h c o n t a i n s a r b i t r a r y data. 

E i t h e r t h e C-l is t or d a t a - p a r t m a y be empty . 

2 . 2 . 1 O b j e c t t y p e 

E v e r y H y d r a ob jec t h a s a type a t t r i b u t e . T h i s n o t i o n of t y p e is a n a l a g o u s 
w i t h t h a t of t y p e f o u n d in p r o g r a m m i n g l a n g u a g e s s u c h as A l p h a r d , CLU, a n d 
S i m u l a . Objec t t y p e s in Hydra fall i n to t w o major c lasses - User d e f i n e d t y p e s , a n d 
K e r n e l t y p e s . 

K e r n e l t y p e s a r e t h o s e t ha t are defined w i t h i n t h e k e r n e l . T h e y t e n d t o 
e m b o d y t h e bas ic " b u i l d i n g b locks" of t h e sys tem. E x a m p l e s of k e r n e l tj^pes: 

PAGE T h e PAGE objec t is t h e basic u n i t of s to rage in H y d r a (bo th i n c o r e 
and on s e c o n d a r y s torage) . Its C-list is e m p t y , and i t s d a t a - p a r t 
( w h i c h is no t accessable to users) c o n t a i n s i n f o r m a t i o n a b o u t t h e 
loca t ion of a PDP-1 1 page of m e m o r y . 

PROCEDURE A PROCEDURE object is s o m e w h a t a n a l o g o u s to a b i n a r y load m o d u l e 
f i l e in a c o n v e n t i o n a l sys tem. It c o n t a i n s capab i l i t i e s for t h e PAGE 
ob jec t ( s ) t h a t con t a in t h e ac tua l b i n a r y p r o g r a m to be r u n and o t h e r 
i n f o r m a t i o n . Like a load module f i le , i t i t se l f is no t d y n a m i c a l l y 
e x e c u t e d , b u t instead conta ins t h e n e c e s s a r y da ta to be loaded i n t o 
m e m o r y at r u n t ime . This def in i t ion of a PROCEDURE objec t is n o t 
s t r i c t l y a c c u r a t e , b u t t h e analogy ho lds . 

LNS An LNS (Local Name Space) L< the object t h a t is d y n a m i c a l l y e x c u t e d 
at r u n t i m e . An LNS is incarnated f rom a PROCEDURE objec t and , l i k e 
m o s t H y d r a objects , m a y have capabi l i t i es for o t h e r ob jec t s i n i t s C-
l i s t . In t h e case of an LNS inc arnated f rom t h e Algol 6 8 PROCEDURE, 
o n e of t h e s e objects m i g h t be the sou rce f i le and a n o t h e r m i g h t b e 
t h e ob jec t f i l e . Again, t h e analogy h e r e is m o r e i m p o r t a n t t h a n t h e 
( v e r y loose) de f in i t i on of an LNS 

User d e f i n e d t y p e s a re object types that are de f ined o u t s i d e of t h e k e r n e l . 
E x a m p l e s of u s e r de f ined t ypes are: 

S u p e r F i l e A s u p e r f i l e provides the same k i n d s of s e r v i c e s t h a t a r e 
p rov ided by a fi le in a s tandard s y s t e m . 

C a t a l o g u e Ca ta logue objects per form t h e same f u n c t i o n t h a t a d i r e c t o r y 
p r o v i d e s on a PDP-10, w i t h a ma jo r e x c e p t i o n . T h e P D P - 1 0 
d i r e c t o r y sys tem can on ly s to re f i les , w h i l e a H y d r a a 
Ca ta logue has t he ab i l i ty to p r o v i d e access to a n ob jec t of any 
t y p e once i t is g i v e n a capab i l i ty for t h a t ob jec t . 
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2.2.2 Operations on objects 

2.2.2.1 K e r n e l Calls 

T h e K e r n e l p r o v i d e s a set of opera t ions t h a t one m i g h t p e r f o r m o n o b j e c t s , 
c a l l e d Kernel calls. K e r n e l ca l l s tend to be opera t ions t h a t a p p l y t o a l l o b j e c t s , 
r e g a r d l e s s of t y p e . E x a m p l e s : 

( A s s u m e t h a t c a p a b i l i t y X re fe rences an object) 
$ C l e n g t h ( X ) R e t u r n s l e n g t h of object 's C-list 
$ D l e n g t h ( X ) R e t u r n s size of object ' s da t a -pa r t 

2.2.2.2 T y p e c a l l s 

E v e r y u s e r de f ined ob jec t t y p e has associated w i t h i t a se t of p r o c e d u r e s t h a t 
c a n b e p e r f o r m e d on ob jec t s of t h a t t ype . These p r o c e d u r e s a r e k n o w n as 
Typecalls. It i s o n l y t h r o u g h the se typeca l l s t h a t a u s e r c a n m a n i p u l a t e t h e 
i n t e r n a l r e p r e s e n t a t i o n of u s e r - d e f i n e d objects . 

2.2.2.3 S u b s y s t e m s 

A u s e r - d e f i n e d t y p e and t h e typeca l l s on t h a t t y p e d e f i n e a H y d r a Subsystem. 
# O n e of t h e m a j o r p u r p o s e s of a subsys t em is to p rov ide u s e r f u n c t i o n s t h a t a c c e s s 

t h e i n t e r n a l r e p r e s e n t a t i o n of objects w i t h o u t a c t u a l l y l e t t i n g t h e u s e r d i r e c t l y 
access t h i s r e p r e s e n t a t i o n . Consider t h e fo l l owing : 

I t w o u l d be u n w i s e to a l l o w use r s to be able m a n i p u l a t e t h e i n t e r n a l 
r e p r e s e n t a t i o n of. say , a Supe rF i l e w h e n e v e r t h e y w a n t e d to ed i t o n e . T h e r e f o r e , 
t h e S u p e r F i l e s u b s y s t e m is c o n s t r u c t e d so. t h a t i t has t h e sole p o w e r t o c r e a t e n e w 
S u p e r F i l e s . Upon r e q u e s t , t h e SuperFi le s u b s y s t e m w i l l c r e a t e a S u p e r F i l e , a n d 
r e t u r n a c a p a b i l i t y for i t - w i t h o u t t h e r i g h t s neces sa ry to a l t e r i t i n t e r n a l l y . 
S u b s y s t e m s , h o w e v e r , h a v e rights amplification ab i l i t i e s . Upon b e i n g passed t h e 
u s e r s c a p a b i l i t y for an ob jec t ( in t h i s case a SuperFi le ) , t h e S u p e r F i l e s u b s y s t e m 
c a n c r e a t e a n i d e n t i c a l c apab i l i t y , b u t w i t h t h e add i t i ona l r i g h t s n e c e s s a r y t o 
p e r f o r m t h e r e q u e s t e d t a s k . In t h i s pa r t i cu l a r case, w h e n t h e u s e r w a n t s t o e d i t 
h i s S u p e r F i l e , h e passes h i s capab i l i t y for i t to t h e Supe rF i l e s u b s y s t e m , a l o n g 
w i t h a n Edi t r e q u e s t , and t h e subsys t em t akes care of i n t e r n a l l y m a n i p u l a t i n g t h e 
S u p e r F i l e . 

T h i s c o n c e p t of r i g h t s ampl i f i ca t ion is f u n d a m e n t a l to t h e c o n s t r u c t i o n of a 
p r o t e c t e d s u b s y s t e m in H y d r a . The detai ls are d iscussed i n t h e H y d r a K e r n e l 
R e f e r e n c e M a n u a l . 

2.2.2 
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2 . 2 . 3 C a p a b i l i t y P a t h s 

As m e n t i o n e d above, Hydra ob jec t s m a y con ta in capab i l i t i e s t h a t p o i n t t o 
o t h e r o b j e c t s in t h e sys t em. These ob jec t s , i n t u r n , m a y h a v e c a p a b i l i t i e s f o r o t h e r 
o b j e c t s , a n d so o n . Let u s de f ine &CAPA to be a capab i l i ty for a n ob jec t X. W e may 
t h e n t a l k a b o u t t h e capab i l i t y &CAPA.1, w h i c h is t h e f i r s t c a p a b i l i t y i n o b j e c t X's 
C - l i s t . L i k e w i s e , &CAPA.1.4 is t h e f o u r t h capab i l i t y i n t h e ob jec t r e f e r e n c e d by 
t h e f i r s t c a p a b i l i t y in t h e object r e f e r e n c e d b y &CAPA. It is l e f t as a n e x e r c i s e t o 
t h e r e a d e r to r e c i t e t h e n a m e of &CAPA.1.4.2 in one b r e a t h o r less . In t h i s l a s t 
e x a m p l e , t h e c a p a b i l i t y y o u f i n a l l y come u p w i t h is t h e t a r g e t : &CAPA.1 .4 is 
c a l l e d t h e p r e t a r g e t , and &CAPA.1 and &CAPA are cal led s teps . P a t h s can g o t o 
a r b i t r a r y d e p t h s . 

Y o u s h o u l d be a w a r e t h a t &CAFA, &CAPA.1, &CAPA.1.4, ... a r e a l l 
c a p a b i l i t i e s t h a t r e f e r e n c e objec ts . I t some l imes ge t s c o n f u s i n g w h e n d e a l i n g w i t h 
c a p a b i l i t y p a t h s to k e e p t r a c k of ob jec t s and capabi l i t ies . 

2 . 3 . F o r M o r e I n f o r m a t i o n 

T h i s h a s o n l y been a brief, i n f o r m a l d iscuss ion of t h e C m m p / H y d r a s y s t e m . 
F o r m o r e i n f o r m a t i o n , t r y t he se sou rces : 

> P r o c e e d i n g s of t h e F iFth S y m p o s i u m on Opera t ing S y s t e m s P r i n c i p l e s , 
(SOSP5) , N o v e m b e r 1 9 7 5 . T h e r e a r e t h r e e exce l l en t papers i n t h i s P r o c e e d i n g s 
a b o u t H y d r a , 

> T h e H y d r a Ke rne l Reference M a n u a l . You shou ld ge t ho ld of a c o p y of t h i s 
s o o n e r or l a t e r . It d i scusses mos t of t h e topics covered i n t h i s chap te r* a n d i n 
m u c h g r e a t e r de ta i l . 

2 . 2 . 3 
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A q u i c k s u m m a r y of t h e h a r d w a r e 

P r o c e s s o r s : 

* DEC PDP-11 f a m i l y w i t h s l i g h t CMU a l t e r a t i o n s 
* M a x i m u m of 16 processors 
* Di f f e ren t mode l s can be used c o n c u r r e n t l y (e.g. 1 1 / 2 0 and 1 1 / 4 0 ) . 
* C u r r e n t l y o p e r a t i o n a l : 

> 5 PDP 1 1 / 2 0 processors ; 
> 11 PDP 1 1 / 4 0 processors , al l w i t h CMU-deve loped w r i t a b l e m i c r o ­

s to re . 

R e l o c a t i o n Un i t s : 

* CMU des igned and b u i l t 
* I n t e r f a c e s U n i b u s to c rossbar s w i t c h ' s processor p o r t s 
* Relocates processor and I/O addresses 

* P r o v i d e s address and da ta p a r i t y g e n e r a t i o n and v a l i d a t i o n 

C r o s s b a r S w i t c h : 
* CMU des igned and b u i l t 
* S w i t c h e s 16 processor por t s to 16 m e m o r y por t s on a s i n g l e - w o r d r e q u e s t 

bas i s . 
* A l l o w s u p to 16 s i m u l t a n e o u s m e m o r y accesses and a r b i t r a t e s r e q u e s t 

c o n f l i c t s . 
* P r o v i d e s m a n u a l c o n t r o l of al l 2 5 6 c rosspoin t s , p e r m i t t i n g a r b i t r a r y 

s y s t e m p a r t i t i o n i n g . 
M e m o r y : 

* 16 CMU-des igned and b u i l t por t s , each h o u s i n g u p to 1 M w o r d . 
* C u r r e n t l y o p e r a t i o n a l : ( 1 . 1 6 M w o r d s to ta l ) 

> 12 po r t s of AMPEX 1 8 6 5 core s torage , 6 4 8 K w o r d s t o t a l ; ( 2 5 0 n s e c 
access , 6 5 0 nsec cyc le , w i t h over l ap ) 

> 5 po r t s of EM&M M0S m e m o r y , 6 4 0 K w o r d s to ta l ; ( 4 0 0 n s e c a c c e s s , 
4 0 0 nsec c y c l e ) 

I n t e r p r o c e s s o r Con t ro l : 

* CMU des igned and b u i l t 
* P r o v i d e s i n t e r p r o c e s s o r i n t e r r u p t i o n at 3 p r i o r i t y l eve l s . 
* A l l o w s each processor to s t a r t , c o n t i n u e , and s top an a r b i t r a r y s u b s e t o f 

t h e 16 p rocessors . 

HUNT LIBRARY 
CARNEGIE-MtLLGN UNI 
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T i m e Base: 

* CMU des igned and b u i l t 

* P r o v i d e s g loba l t i m e s o u r c e w i t h r e so lu t ion to 4 u s e e . . 

P e r i p h e r a l s : 

* S t a n d a r d P D P - 1 1 d e v i c e s a re p l u g - t o - p l u g c o m p a t i b l e . 
* C u r r e n t l y o p e r a t i o n a l : 

> 5 M w o r d s s w a p p i n g s torage 
> 6 0 M w o r d s d i s k s to rage ( m o v i n g head) 
> 6 DECtape d r i v e s 
> H i g h - s p e e d l i n k s to PDP 10 and f r o n t - e n d t e r m i n a l h a n d l e r 
> I n t e r f a c e to ARPA n e t w o r k 
> L ine p r i n t e r 
> M i s c e l l a n e o u s s m a l l pe r iphe ra l s 

* A w a i t i n g s o f t w a r e deve lopmen t : . 

> 3 0 0 M w o r d s d i s k s to rage ( R P 0 6 / 3 3 3 0 - l i k e m o v i n g h e a d ) 
> M a g n e t i c t ape d r i v e 

3 
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4. Major Subsystems 
T h i s is a s h o r t d e s c r i p t i o n of t h e major u s e r s u b s y s t e m s on H y d r a . 

> A C a t a l o g u e S u b s y s t e m , w h i c h ho lds , m a n i p u l a t e s , and p r i n t s c a t a l o g u e 
o b j e c t s . 

> A P r o c e s s S u b s y s t e m , w h i c h is t h e i n t e r f ace b e t w e e n u s e r s a n d t h e 
s c h e d u l e r ( P M 1 ) . P rov ides s u c h f u n c t i o n s as p rocess -c rea te , p r o c e s s - k i l l , 
p r o c e s s - s t a r t , e t c . 

> A D e v i c e A l l o c a t i o n S u b s y s t e m , w h i c h in t e r faces t h e u s e r w i t h t h e I / O 
h a r d w a r e a v a i l a b l e . P rov ides a ce r t a in a m o u n t of r e sou rce m a n i p u l a t i o n a n d 
c o n t r o l . A l a r g e a m o u n t of d e v e l o p m e n t a l w o r k is p e n d i n g o n t h e I / O 
S u b s y s t e m . 

> A C o m m a n d I n t e r p r e t e r S u b s y s t e m , w h i c h decodes a n d i n t e r p r e t s 
c o m m a n d s t y p e d b y t h e use r at t h e t e r m i n a l . The c o m m a n d l a n g u a g e i s a 
r e m a r k a b l y p o w e r f u l Algo l - l ike l a n g u a g e , w h i c h ha s r e c u r s i o n a n d m a c r o -
d e f i n i t i o n capab i l i t i e s . The re is also a f ac i l i t y for c r e a t i n g a n d s t o r i n g 
C o m m a n d Objects , w h i c h means y o u r c o m m a n d sequences can be s t o r e d a w a y 
f o r a n o t h e r d a y . 

> A J o b S u b s y s t e m , w h i c h con t ro l s access to t h e sys t em and a l l o c a t i o n a n d 
a c c o u n t i n g , and w h i c h in te r faces to t h e u s e r t h r o u g h a J o b M o n i t o r ( J M O N ) . 

> A U t i l i t y s u b s y s t e m , w h o s e major c o m p o n e n t s for t h e m o m e n t a r e a v e r s i o n 
of SIX 12 for d e b u g g i n g BLISS p r o g r a m s , and v a r i o u s t i m e , d a t e , a n d c o r e -
i m a g e - c r e a t i o n t h i n g s . 

> A D e v i c e A l l o c a t i o n S u b s y s t e m , w h i c h p rov ides for d y n a m i c a s s i g n m e n t of 
p h y s i c a l d e v i c e s (DECtapes, Line P r i n t e r , e tc . ) among severa l u s e r s . 

> A se t of F i l e s u b s y s t e m s , w h i c h p r o v i d e u se r s w i t h h i g h e r - l e v e l f i l e 
c o n s t r u c t s , e.g. , l i n e s , records , r a n d o m - a c c e s s I/O, e tc . and p r o v i d e a u n i f o r m 
i n t e r f a c e to a n u m b e r of i n t e r e s t i n g f i le t y p e s (e.g., SOS and U n d i f f e r e n t i a t e d 
B y t e S t r e a m (UBS)). 
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5. The Hydra User Environment 

5 . 1 . L o g g i n g O n / O f f 

To log o n : 

1) G i v e t h e f r o n t end t h e "C" c o m m a n d to connec t to C.mmp 
2 ) Y o u w i l l n o w r ec i eve one of t h e f o l l o w i n g responses : 

> T h e message " W e l c o m e to C . m m p / H y d r a M f o l l o w e d b y s o m e o t h e r 
messages , and e v e n t u a l l y t h e JMON p r o m p t "@M. 

* > T h e message "Reconnected to C .mmp/Hydra . Hit < r e t u r n > to g e t t h e 
p r o m p t M@". 

3 ) I f y o u r e c e i v e d t h e p r o m p t ">" ins tead of "@" in t h e above s tep , t h e n y o u a r e 
a l r e a d y a t t h e Command Language . If not , t h e n t y p e "CL" to g e t t h e r e . 

4 ) N o w t y p e "LOGO". It w i l l p r o m p t for necessa ry i n f o r m a t i o n . If t h i s i s y o u r 
f i r s t l o g i n , a n s w e r t h e r e q u e s t for t h e pa s sword w i t h a c a r r i a g e r e t u r n , a n d 
y o u w i l l be asked to s u p p l y one . 

To log off: 

1 ) T y p e "KJOB" to t h e Command Language p r o m p t ">" 
2 ) A f t e r r e c e i v i n g t h e "@" p r o m p t aga in , t ype "K" 

5 . 2 . I n t r o d u c t i o n t o t h e C o m m a n d L a n g u a g e 

T h e H y d r a Command L a n g u a g e is t h e v e h i c l e of c o m m u n i c a t i o n b e t w e e n 
H y d r a a n d a u s e r at a t e r m i n a l . Common prac t i ce in d o c u m e n t i n g i n t e r a c t i v e 
s y s t e m s is to i t e m i z e t h e ' ava i l ab le commands* r a t h e r t h a n t a l k a b o u t a l a n g u a g e . 
H o w e v e r , t h i n k i n g of i t as a l a n g u a g e a l l o w s u s to a s s u m e a c o n s i s t e n t s y n t a x , 
d o c u m e n t t h e s y n t a x , t h e n m o v e on to a d i scuss ion of h o w t h e C o m m a n d s b e h a v e . 

T h i s d o c u m e n t is i n t e n d e d as a c o m m a n d l a n g u a g e p r i m e r for p e o p l e 
g e n e r a l l y f a m i l i a r w i t h t h e s t r u c t u r e of t h e Hydra e n v i r o n m e n t ( i .e . o b j e c t s a n d 
c a p a b i l i t i e s ) . It s h o u l d be s u f f i c i e n t to enable a nov ice to s i t d o w n at a t e r m i n a l 
c o n n e c t e d to H y d r a and do s o m e t h i n g i n t e r e s t i n g if no t u s e f u l . In c o n j u n c t i o n 
w i t h o t h e r d o c u m e n t s , y o u m a y e v e n be able to do s o m e t h i n g u s e f u l . 

5 
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5 . 3 . B a s i c C o m m a n d L a n g u a g e S t r u c t u r e 

T h e bas i c f o r m of t h e l anguage is t ha t of a g e n e r a l , e x p r e s s i o n - o r i e n t e d , 
b l o c k s t r u c t u r e d p r o g r a m m i n g l a n g u a g e . The s y n t a x r e s e m b l e s t h a t of BLISS i n a 
g e n e r a l w a y , w i t h f e a t u r e s added or a l te red to a l l o w access to spec i f i c H y d r a 
f e a t u r e s , s u c h as t h e Catalogue subsys tem and t h e f ac i l i t i e s of P o l i c y M o d u l e 1 
T h e l a n g u a g e f o l l o w s t h e BLISS p h i l o s o p h y insofar as e v e r y "s ta tement 1 * i s a n 
e x p r e s s i o n w h i c h c a n r e t u r n a v a l u e . W e w i l l u se t h e t e r m s " e x p r e s s i o n 0 a n d 
" s t a t e m e n t " s o m e w h a t i n t e r c h a n g e a b l y in d i scuss ions of t h e c o m m a n d l a n g u a g e ; i t 
s h o u l d be u n d e r s t o o d t h a t t h e "s ta tement" , as a n o n - v a l u e - r e t u r n i n g e n t i t y as i n 
A l g o l - 6 0 , P L / 1 , e t c does no t ex i s t . AH " s t a t emen t s " r e t u r n v a l u e s , a n d as w e s h a l l 
s e e , s o m e r e t u r n m u l t i p l e va lues . A l t h o u g h all t h e fac i l i t i e s d e s c r i b e d b e l o w a r e 
p a r t of t h e c o m m a n d l a n g u a g e s u b s y s t e m , w e w i l l o c c a s i o n a l l y j u s t s a y t h a t 
" H y d r a " does t h i s or t h a t . It doesn ' t r e a l l y m a t t e r at t h i s s t age . L i k e w i s e , w e m a y 
o c c a s i o n a l l y m e n t i o n t h e "command i n t e r p r e t e r " or CI, w h i c h i s t h e p r o g r a m 
w h i c h a c t u a l l y p a r s e s and execu t e s c o m m a n d l a n g u a g e e x p r e s s i o n s . 

5 . 4 . U s i n g t h e T e r m i n a l 

T h e c o m m a n d i n t e r p r e t e r ind ica tes t h a t i t is w a i t i n g for i n p u t b y t y p i n g a 
/ ' > " c h a r a c t e r o n t h e t e r m i n a l . The use r is t h e n i n v i t e d to t y p e i n a c o m m a n d 

4 l a n g u a g e e x p r e s s i o n ( s t a t emen t ) , w h i c h w i l l be e v a l u a t e d ( e x e c u t e d ) , fevery 
e x p r e s s i o n e v a l u a t e s to an in teger , w h i c h is p r i n t ed on t h e t e r m i n a l p r i o r t o t h e 
n e x t p r o m p t (">") or to a capabi l i ty in w h i c h case "capa" is p r i n t e d p r i o r to t h e 
p r o m p t . 

S e v e r a l e x p r e s s i o n s m a y be p u t on t h e same l i ne b y s e p a r a t i n g t h e m w i t h 
s e m i c o l o n s . A c a r r i a g e r e t u r n typed at t h e t e r m i n a l is t r e a t e d as a s e m i c o l o n f o r 
c o n v e n i e n c e . To avo id e x t r a long l ines , if a ca r r i age r e t u r n is i m m e d i a t e l y 
p r e c e d e d b y a " t M , b o t h t h e "t" and t h e ca r r i age r e t u r n a r e i g n o r e d . T h e n t h e 
s t a t e m e n t m a y be c o n t i n u e d on t h e n e x t l i ne . The above does n o t a p p l y i n s i d e of 
q u o t e d s t r i n g s . S t r i n g s m a y con ta in a n y c h a r a c t e r e x c e p t t h e s t r i n g t e r m i n a t o r . 
In s t o r e d p r o g r a m s , t h e c o n v e n t i o n s r e g a r d i n g ca r r i age r e t u r n s and " t M a r e 
s o m e w h a t d i f f e r e n t . W e w i l l d i scuss those c o n v e n t i o n s w h e n , w e g e t to s t o r e d 
p r o g r a m s . 

% T h e n o r m a l t e r m i n a l cont ro l c h a r a c t e r s ( con t ro l -H ( r u b o u t ) , c o n t r o l - U , e t c . ) 
a r e a v a i l a b l e to c o r r e c t i n p u t as it is typed . 

T h e r e m a i n d e r of t h i s d o c u m e n t e s sen t i a l l y j u s t d i scusses t h e v a r i o u s k i n d s 
of e x p r e s s i o n s y o u m a y type , and w h a t y o u can expec t to h a p p e n w h e n y o u d o . 
E x c e p t fo r a f e w spec ia l examples , al l o u t p u t typed by t h e c o m m a n d i n t e r p r e t e r i s 
u n d e r l i n e d . 

5 .3 
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5 . 5 . V a r i a b l e s 

L i k e a n y good p r o g r a m m i n g l anguage , t h e C o m m a n d L a n g u a g e h a s e n t i t i e s 
c a l l e d v a r i a b l e s w h i c h can be used in a s t r a i g h t f o r w a r d m a n n e r . All v a r i a b l e 
n a m e s b e g i n w i t h a n c h a r a c t e r ( to d i s t i n g u i s h t h e m f r o m Ca t a logue n a m e s , 
d e s c r i b e d i n s e c t i o n 5 .8) w h i c h m a y be f o l l o w e d b y a n y n u m b e r of 
c h a r a c t e r s ( u p p e r a n d l o w e r case c h a r a c t e r s are t r ea t ed as t h e s a m e c h a r a c t e r s ) . As 
of v e r s i o n 1.25 of t h e CL (expec ted to be released d u r i n g t h e s u m m e r of 1977) t h e 
f i r s t 1 2 7 c h a r a c t e r s a r e s ign i f i can t . In p r e v i o u s v e r s i o n s , o n l y t h e f i r s t 10 
c h a r a c t e r s a r e s i g n i f i c a n t . 

T h e r e a r e t h r e e t y p e s of va r i ab les i n t h e Command L a n g u a g e : 

> WORD v a r i a b l e s a r e j u s t 1 6 - b i t i n t ege r va r i ab les . 
> WORDVEC v a r i a b l e s a re one -d imens iona l i n t e g e r v e c t o r s or s t r i n g v a r i a b l e s . 
> CAPA v a r i a b l e s h o l d Hydra capabi l i t ies . 

5 . 5 . 1 W O R D v a r i a b l e s 

As m e n t i o n e d above , WORD var iab les a re 1 6 - b i t i n t e g e r v a r i a b l e s . T h e i r 
u s e f u l n e s s w i l l be d e m o n s t r a t e d in subsequen t e x a m p l e s . 

5 . 5 . 2 W O R D V E C v a r i a b l e s 

WORDVEC v a r i a b l e s do double d u t y as b o t h i n t e g e r v e c t o r s a n d s t r i n g 
v a r i a b l e s . T h e s t a t e m e n t 

d e c l a r e s &A to be a v e c t o r of f ive in t ege r var iab les or t en c h a r a c t e r s , d e n o t e d & A .1 , 
& A . 2 , & A . 5 , and dec l a r e s &B to be a s t r ing of t w e l v e c h a r a c t e r s or s i x i n t e g e r 
v a r i a b l e s . T h e f o l l o w i n g e x a m p l e i l l u s t r a t e s t h e u se of WORDVEC v a r i a b l e s . 
N o t e t h a t s t r i n g accesses use " subs t r ing" no ta t ion ; t h e pa i r [a, b ] f o l l o w i n g a 
WORDVEC v a r i a b l e s ign i f i e s t h e s t r i n g s t a r t i n g a t t h e a t h c h a r a c t e r a n d b 
c h a r a c t e r s l o n g . 

>W0RDVEC &A.5, &B.6 

>&A.2 *• 6 
6>&B[2,3]*-"ABC 

7. Assigns 6 to the second word of the vector. 7. 
7. Assigns "ABC" to the second through fourth 
characters of the string. 7. 

A B O 
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5.5.3 S i m p l e E x a m p l e s 

Here i s an example of a terminal session, w h i c h w i l l demonstrate s o m e 
c o m m a n d l a n g u a g e express ions. 

{ >£The percent sign delineates comments 
C:If carriage returns is entered b« fore second delimiter, 
C:the command interpreter prompts with "d"7. 

> 2 * 2 * 4 

10> 
>WORD &I.&J 
0> 
>&I *- 6 
| > & J « - & W 
13> 
>TYPE "&J=,\&Ji"?M?J' 

too (?M?J) 7 . 2 

&J=13 
0> 

>TYPE "&J= , ,,6J," 
Si" 

7. The regular arithmetic expressions are 
available 7. 

7. This declares two simple integer variables 7. 

7. Simple assignments are possible, 7. 
7. as are more complicated ones. 7. 

7. You can type things out. but remember to 
type the CRLF, 

7. The type statement itself has value 0 
7. 

7. You can put the CRLF in the string 
itself, in which case the command 
interpreter prompts with "S:" for more 
of the string.7. 

&J=13 
0> 
>while & I Iss &J do (TYPE "A"; & I « - & M ) 

7. Iteration and compound expressions; 
return value is that of last execution of 
the compound expression. 7* 

AAAAAAA13> 
>lf & I eql 13 then 1 else 0 
T> 
>&I eql &J 

1> 

7. Conditional expressions7. 

7. In relational expressions, l=true, 
0=false 7. 

Control-X, for any character X, Is written ?X. See section 5 .10. 
5 .5 .3 
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5 . 5 . 4 CAPA v a r i a b l e s 

CAPA v a r i a b l e s m a y hold capabilities. Capabi l i t ies a r e o b t a i n e d b y 
r e t r i e v i n g t h e m f r o m Catalogues or by. i n v o k i n g typecalls or procedures w h i c h 
r e t u r n c a p a b i l i t i e s . T h e Command Language also p r o v i d e s f ac i l i t i e s for a c c e s s i n g 
c a p a b i l i t i e s v i a paths in objects . If CAPA va r i ab l e &C c o n t a i n s a c a p a b i l i t y fo r a n 
o b j e c t , t h e n t h e e x p r e s s i o n &C.2 represen t s t h e second c a p a b i l i t y i n t h e C- l i s t of 
t h e o b j e c t . E x p r e s s i o n s of t h i s t ype are cal led object walks, a n d m a y a p p e a r o n 
e i t h e r s i d e of a n a s s i g n m e n t opera tor . Object w a l k s m a y go to a n y d e p t h ( i . e . 
&C. 1 .1 .2 .5 ) , a n d m a y i n v o l v e a r b i t r a r y Command L a n g u a g e e x p r e s s i o n s , s u c h a s 
& C . & J . 3 o r &C. (3*&J) , w h e r e &J is assumed to be a WORD v a r i a b l e . 

S e c t i o n 5 . 6 . 1 h a s an example s h o w i n g t h e use of CAPA v a r i a b l e s . 

A CAPA v a r i a b l e m a y be t h o u g h t of as an LNS slot i n t h e c o n r m a h d 
• i n t e r p r e t e r LNS. T h e imp l i ca t ions of t h i s w i l l be u n d e r s t o o d i n t h e c o n t e x t of 

e x e c u t i n g K e r n e l ca l l s (K-cal ls ) f rom t h e c o m m a n d l a n g u a g e . 

5 . 6 . I n v o c a t i o n s f 

T h e C o m m a n d Language provides fac i l i t i es for i n v o k i n g s e v e r a l d i f f e r e n t "T 
k i n d s of f u n c t i o n s : 

1. H y d r a K e r n e l Cal ls (K-cal l s ) . 

2 . P r e d e f i n e d Typeca l l s . 

3 . G e n e r a l H y d r a p r o c e d u r e s . 
4 

4 . C o m m a n d L a n g u a g e p r o g r a m s ("Commands") . 

5 . 6 . 1 K e r n e l c a l l s 

K e r n e l ca l l s , or K-cal l s , are invoked by t h e s t anda rd n a m e s d e f i n e d i n t h e 
H y d r a R e f e r e n c e M a n u a l and t h e BLISS-11 r e q u i r e f i les . The k e r n e l ca l l s l o o k t h e 
s a m e as t h e y do in t h e r e fe rence m a n u a l . Since p a t h s a re e v a l u a t e d b e f o r e t h e 
k e r n e l c a l l is e x e c u t e d , ce r t a in k e r n e l cal ls s u c h as SINTERCHANGE do n o t h a v e 
t h e d e s i r e d e f f ec t . For e x a m p l e , $INTERCH ANGE(A. 1 ,B. 1) does n o t i n t e r c h a n g e t h e 
f i r s t c a p a b i l i t i e s i n t h e C-l is ts of A and B. Ins tead, A. l and B . l a r e e v a l u a t e d a n d 
t h e r e s u l t i n g c a p a b i l i t e s a re i n t e r changed , e f f ec t i ve ly a n o - o p . 

T h e C o m m a n d Language form of Kernel K-cal l a r g u m e n t s i s r e l a t e d to t h e 
f o r m d e s c r i b e d i n t h e Reference M a n u a l as fo l l ows : 

5 .5.4 
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> W h e r e t h e K-ca l l r e q u i r e s a capab i l i t y specified b y a s i m p l e I n d e x or a p a t h , 
u s e a CAPA va r i ab l e , an objec t w a l k , or a Catalogue w a l k i n t h e C o m m a n d 
L a n g u a g e i n v o c a t i o n . 

> W h e r e an i n t e g e r v a l u e ( o t h e r t h a n an address) is r e q u i r e d , u s e a C o m m a n d 
L a n g u a g e e x p r e s s i o n w h i c h e v a l u a t e s to an in teger . 

> W h e r e an address of a b l o c k of da ta is called for, u s e a WORDVEC v a r i a b l e 
w i t h o u t a n access spec i f i ca t ion . Be s u r e t h a t t h e WORDVEC i s l o n g e n o u g h 
f o r t h e k e r n e l ca l l or y o u m a y ge t a fa ta l e r ro r . 

K e r n e l ca l l s r e t u r n n u m e r i c v a l u e s (cal led signals w h e n t h e y a r e n e g a t i v e ) a s 
d e s c r i b e d i n t h e Reference M a n u a l . T h e y n e v e r r e t u r n capab i l i t i e s e x p l i c i t l y , b u t 
t h e y m a y h a v e s ide effects w h i c h cause capabi l i t ies to be s to red i n s lo t s s p e c i f i e d 
i n t h e a r g u m e n t l i s t . The f o l l o w i n g e x a m p l e m a y clear t h i n g s u p a b i t . 

0>CAPA &B 
0>JMAKEUNIVERSAL(&B) 

0>JCLENGTH(&B) 
0> 

>5B.3 <- &B 

Capa> 
>fCCENGTH(&B) 
3> 

7. Declares a capability variable 7. 
7. Kernel call - creates a universal object and 
returns a capability for it in &B 7. 
7. Returns length of C-list of Univ object, 7. 
7. Which turns out to be 0, naturally enough. 7. 
7. We store a capability (&B) into the third slot 
in the C-list of the Univ obj. Circularity! 7. 
7. Indicates the result was a capability 7. 

7. The length is now three. 7. 

5 . 6 . 2 P r o c e d u r e s ( p r e d e f i n e d a n d u s e r d e f i n e d ) 

Al l p a r a m e t e r s to Hydra P r o c e d u r e s ( w h i c h i n c l u d e t y p e c a l l s ) m u s t b e 
c a p a b i l i t i e s , and t h u s are supp l i ed in t h e Command Language i n t h e s a m e w a y a s 
c a p a b i l i t y a r g u m e n t s to Kerne l ca l l s , i .e. use capab i l i ty v a r i a b l e s , ob j ec t w a l k s , 
a n d C a t a l o g u e w a l k s . $STACKDATA(a 1 , a 2 . . . ^ a j ) is a Command L a n g u a g e f u n c t i o n 
w h i c h u p o n a p p e a r i n g in t h e a r g u m e n t l i s t of a P rocedu re i n v o c a t i o n , t a k e s i t s 
a r g u m e n t s ( i n t e g e r or s t r i n g exp re s s ions ) , p u t s t h e m in a da ta ob jec t , a n d pas se s a 
c a p a b i l i t y for t h a t data objec t to t h e p rocedure . The u s e of $STACKDATA i s 
i l l u s t r a t e d b e l o w . 

One d i f f e r e n c e b e t w e e n Hydra p r o c e d u r e invoca t ions and K e r n e l ca l l s i s t h a t 
a p r o c e d u r e m a y r e t u r n a c a p a b i l i t y in addi t ion to t h e n o r m a l n u m e r i c v a l u e 
r e t u r n e d b y e v e r y t h i n g . T h i s is t h e reason for a s l i g h t l y d i f f e r e n t s y n t a c t i c 
s t r u c t u r e i n t h e Command L a n g u a g e w h i c h is used to s to re t h e c a p a b i l i t y r e t u r n e d 
f r o m a p r o c e d u r e . As an e x a m p l e , cons ider t h e predef ined p r o c e d u r e SMAKECMD. 
I t t a k e s n o p a r a m e t e r s and r e t u r n s a capab i l i t y for a C o m m a n d s ob j ec t . A s&mple 
i n v o c a t i o n goes l i k e t h i s ; 
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>CAPA &CMD 
0>&CMD=$MAKECMD() 

I n t h i s e x a m p l e , n o t e t h a t an equa l s s ign w a s used for t h e a s s i g n m e n t i n s t e a d of a 
l e f t - a r r o w . T h i s is t o d e m a n d t h e as s ignment of t h e r e t u r n e d c a p a b i l i t y r a t h e r 
t h a n t h e r e t u r n e d i n t e g e r v a l u e , w h i c h w a s # 0 . To h e l p i n h a n d l i n g t h e t w o 
r e t u r n v a l u e s ( i n t e g e r a n d capab i l i ty ) , t h e Command L a n g u a g e h a s p r e d e c l a r e d a 
WORD v a r i a b l e &RETVAL, to w h i c h is assigned t h e r e t u r n e d v a l u e of e v e r y 
p r o c e d u r e i n v o c a t i o n . T h u s t h e above s t a t emen t s cou ld be f o l l o w e d b y 

>W0RD &RET 
6>&RET &RETVAL 

if t h i s v a l u e w a s needed . 

T h e e q u a l s - s i g n is i n fact more complex t h a n h a s been i n d i c a t e d , b u t t h e 
a d v a n c e d f e a t u r e s w i l l n o t be described h e r e . T h e y m a y be f o u n d i n C h a p t e r 
2 0 i n a l l t h e i r g o r y de t a i l . 

T h e c o n c e p t of subsystem in Hydra is def ined as 

> A s e t of ob jec t s w i t h a g i v e n TYPE 
> A se t of e x p l i c i t l y de f ined opera t ions , called TYPECALLS, on o b j e c t s of t h e 

g i v e n t y p e 

So, e a c h t y p e s u b s y s t e m prov ides a set of t ypeca l l s to m a n i p u l a t e t h e o b j e c t s 
of t h a t t y p e . C u r r e n t l y , t h e command l anguage p r e d e f i n e s t h e t y p e c a l l s f o r t h e 
J O B , CONNECTION, CATALOGUE, and PM subsys t ems . T h e p r e d e f i n e d t y p e c a l l s a r e 
s i m i l a r to t h e Bliss m a c r o s for those subsys t ems e x c e p t for t h o s e t h a t r e t u r n 
c a p a b i l i t i e s . In t h o s e cases , omi t t h e r e t u r n slot f rom t h e l i s t of a r g u m e n t s of t h e 
c a l l . T h e r e t u r n v a l u e w i l l be t h e v a l u e of t h e p r o c e d u r e . For i n s t a n c e , t h e J o b 
s u b s y s t e m h a s a t y p e c a l l SLOGIN, to connect a Cata logue to a j ob 3 T h e f o r m l i s t e d 
i n C h a p t e r 2 2 is : 

$L0GIN(RETSL0T, &J0BPR0CESS, &TTYP0RT) 

w h e r e RETSLOT is a capab i l i t y for t h e r e t u r n e d Ca ta logue a n d t h e o t h e r t w o 
p a r a m e t e r s a r e p r e d e f i n e d Command Language v a r i a b l e s (see s e c t i o n 2 0 . 5 ) . 
I n t h e C o m m a n d L a n g u a g e , u se t h e fo l l owing form: 

RETSLOT = $L0GIN(&J0EPR0CESS, &TTYPORT) 

Fo r a d d i t i o n a l i n f o r m a t i o n on Typecal ls , see t h e c h a p t e r on t h e s p e c i f i c 
s u b s y s t e m . 

T h e LOG() command ut i l izes this typecall . The object "LOG" itself is a Commands object - s e e 
s ec t i on 5.6 .4. 

5.6.2 
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5 . 6 . 3 G e n e r a l P r o c e d u r e s 

G e n e r a l u s e r - d e f i n e d p rocedures m a y also be i n v o k e d f r o m t h e C o m m a n d 
L a n g u a g e . In t h i s c lass of p rocedures are i n c l u d e d no t o n l y a n y p r o c e d u r e s t h e 
u s e r m i g h t c r e a t e herse l f , b u t most of t h e sys t em u t i l i t y p r o g r a m s s u c h as e d i t o r s , 
c o m p i l e r s , e t c . T h e o n l y d i f fe rence b e t w e e n t h e s e i n v o c a t i o n s a n d i n v o c a t i o n s 
o f p r e d e f i n e d t y p e c a l l s is t h a t gene ra l p rocedu re s do no t h a v e t h e i r n a m e s 
p r e d e f i n e d i n t h e c o m m a n d i n t e r p r e t e r s s y m b o l tab le , so c a p a b i l i t i e s f o r t h e 
p r o c e d u r e s m u s t be s tored in Catalogues or c a p a b i l i t y va r i ab l e s . As a n e x a m p l e , 
c o n s i d e r t h e p r o c e d u r e OBINFO, w h i c h is used to ga in i n f o r m a t i o n a b o u t a n o b j e c t . 
T h e f o l l o w i n g c o m m a n d w i l l i n v o k e t h e ob in fo p r o c e d u r e . 

>&SYSDIRECTORY.PUBLIC.HARBISON.OBINFO(OBJECT, &TTYPORT) 

T h e r e w i l l be m o r e examples la te r . P r o c e d u r e s at t h e e n d of o b j e c t a n d 
C a t a l o g u e w a l k s m a y be i n v o k e d , e.g. H &A.2 .4 ( ) M . 

5 . 6 . 4 C o m m a n d s 

/ A C o m m a n d s is an object ho ld ing one or m o r e c o m m a n d l a n g u a g e s t a t e m e n t s , 
^ w h i c h c a n be i n v o k e d by u s e r s j u s t as if H w e r e a p r o c e d u r e . As s u c h , i t i s u s e f u l 

f o r t h o s e t a s k s too d i f f i c u l t or long to do d i r e c t l y at a t e r m i n a l , b u t t oo s i m p l e t o 
r e q u i r e a H y d r a p r o c e d u r e . Often, Commands a re used to i n s u l a t e t h e u s e r f r o m 
u n p l e a s a n t f e a t u r e s of t h e command l a n g u a g e . Most p rocedu re s h a v e o n e o r m o r e 
C o m m a n d s assoc ia ted w i t h t h e m to a l l o w s u c h t h i n g s as de fau l t p a r a m e t e r s . 

' L i k e p r o c e d u r e s , capabi l i t ies for Commands a re s tored in C a t a l o g u e s o r CAPA 
v a r i a b l e s . T h e y a r e i n v o k e d in t h e same w a y , and w i l l t a k e i n t e g e r s , s t r i n g s , o r 

y c a p a b i l i t i e s as p a r a m e t e r s . 

C o m m a n d s ob jec t s , l i k e most u s e r - d e f i n e d Hydra objec ts , h a v e a n u m b e r of 
t y p e c a l l s a s soc ia ted w i t h t h e m to p rov ide u s e f u l ope ra t ions u p o n o b j e c t s of t y p e 
COMMANDS. T h e mos t u s e f u l ones a re l i f ted b e l o w . For a f u l l l i s t , see s e c t i o n 
2 0 . 6 . 

( A s s u m e &Ret and &Cmd h a v e been dec la red as CAPA v a r i a b l e s , a n d &CMD 
refe rences a Commands object . ) 

& R e t = $ M a k e c m d ( ) crea tes a n e w Commands object , a n d r e t u r n s a 
capab i l i ty for i t to &Ret. 

& R e t = $Copycmd(&CMD) creates a copy of t h e object r e f e r enced b y &CMD, a n d 
r e t u r n s a capab i l i t y for i t to &Ret. 

$ E d i t c m d ( & C M D ) , edi ts t h e t e x t in t h e object r e f e renced b y &CMD w i t h 
t h e C.mmp teco ed i to r . Commands ob jec t s c a n a l so b e 
edi ted w i t h SOS. 

5 .6 .3 
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5.6.4.1 &PARMS a n d &CDOPARM 

T h e r e a r e t w o spec ia l va r i ab les associated w i t h e a c h C o m m a n d s o b j e c t ' u p o n 
# i n v o c a t i o n . 

&PARMS p o i n t s to an object of t ype UNIVERSAL t h a t c o n t a i n s , i n i t s C - l i s t 
s l o t s , t h e p a r a m e t e r s t h a t w e r e passed to t h e Commands ob jec t i n t h e i n v o c a t i o n . 
F o r e x a m p l e , if*&GORPis a capab i l i t y a Commands object , t h e n u p o n t h e i n v o c a t i o n 

&GORP(Capa 1 ,Capa2) 

& P A R M S . 1 w o u l d c o n t a i n Capa l and &PARMS.2 w o u l d c o n t a i n Capa2 . 

N o t e t h a t C o m m a n d s objects t ako no e x p l i c i t l y d e f i n e d n u m b e r of 
p a r a m e t e r s . 

S o m e t i m e s i t is u s e f u l to h a v e a l is t of capabi l i t i es a v a i l a b l e t o a C o m m a n d s 
o b j e c t w i t h o u t h a v i n g to pass each exp l i c i t l y as a p a r a m e t e r . Each C o m m a n d s 
o b j e c t m a y h a v e " i m p l i c i t " p a r a m e t e r s s tored in i t s C-l is t , and m a d e a v a i l a b l e a t 
r u n t i m e t h r o u g h t h e &CDOPARM var iab le . These a re e q u i v e l e n t to t h e c o n c e p t 
c a l l e d " i n h e r i t e d capab i l i t i e s " described for Hydra p r o c e d u r e s . T h e f o l l o w i n g 
e x a m p l e s h o w s h o w to m a n i p u l a t e t h i s l is t : 

>capa &U 
>$Makeuniversal(&U) 
0>&U.l«-&Capal 
Capa>&U.2<-&Capa2 

Capa>$Writeclist(&GORP,&U) 

*0>&U=$Readclist(&GORP) 

Z^tore the required capabilities in the C-list of 
&U7. 
ZCopies the capabilities from the 

•C-list of &U to the C-list of &G0RP7. 
7.Returns a Universal containing the 
contents of &GORP's C-list 7. 

T h e f o l l o w i n g is a n e x a m p l e of a Commands w h i c h i n v o k e s t h e TECO 
p r o c e d u r e . 

5 . 6 . 4 

$ L i s t c m d ( & C M D ) Lists t h e object r e fe renced b y &CMD o n t h e l i n e 
p r i n t e r located in t h e C.mmp r o o m . 

$ P r i n t c m d ( & C M D ) p r i n t s t h e object r e fe renced b y &CMD o n . t h e t e r m i n a l . 
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Begin 

CAPA & I P G ; 

If $CLENGTH(&PARMS) LSS 1 then 

(Type 'Page:'; 

&1PG INTERPRET) 

) else &1PG <- &PARMS.1; 

&CDOPARM. 1 .TECO(&TTYPORT,& 1PG) 

End 

7.The Commands is enclosed by a 
block to release temporary 
variables on block exit7. 
7.Declare a capa variable to hold 
the page 
object. The name is intended to b e 
unusual 
to avoid conflict with user defined 
names. 7. 

7.&PARMS is a universal object 
holding 
capabilities for the parameters of 
the Commands. • 
SCLENGTH(fiPARMS) is the number 
of 
parameters. 7. 
7.1f no parameters were passed, 

•prompt 
the user for the object. 7. 
7.Get a capability for a page from 
the terminal.7. 
7.Note that ()'s instead of BEGIN 
END were used to enclose this 
block. Since ()'s do not affect the 
symbol table, they are more 
efficient. 7. 
7.If a parameter was passed, use 
it.7. 

7.&CD0PARM 
contains a capability for the 
inherited capabilities for this 
Commands object. 
In this case, the first capability in 
the C-list 
of the Commands is a Catalogue 
which 
contains a capability for the TECO 
procedure. 
The level of indirection was 
provided to simplify the task of 
replacing the TECO procedure with 
a new one.7. 
7.End of command object. Since no 

followed the invocation of 
TECO, the value of the command 
object is the value of the 
invocation.7. 

5 .6 .4 

« 
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5 . 7 . M a c r o s 

M a c r o s a r e a v a i l a b l e to a l l o w t h e user to do s o m e t h i n g to m a k e t h e t e r m i n a l \ 
e n v i r o n m e n t m o r e a t t r a c t i v e . The macro de f in i t ion f a c i l i t y a l l o w s a n y i d e n t i f i e r , ) 
v a r i a b l e , o r c o n t r o l c h a r a c t e r to be defined as a mac ro . T h e d e f i n i t i o n l o o k s l i k e J 

MACRO name = stringwithoutdollarr.ign S 
or 

MACRO name(parmlist) = stringwithoutdollarsign $ 

If a l i n e s t a r t i n g w i t h "MACRO" does not t e r m i n a t e w i t h " $ M , t h e c o m m a n d 
l a n g u a g e p r o m p t s on t h e n e x t l i ne w i t h "M:" for m o r e of t h e m a c r o t e x t . 

C o n s i d e r t h e f o l l o w i n g examples : 

>macro univ(X) = |Makeuniversal(X)8 
0>capa &W 
0>univ(&W) 7.&W now contains a capability for a new 

Universal. 
Ornacro fillslot(A,B,C) = univ(A); A C «- B$ 
STcapa &Z 
0>fillslot(&Z,W,5) 7A new universal is created, and &W is 

put in its fifth C-list slot7. 
OCapa> 7.Notice how each expression in the macro 

returned a valueZ 

5 . 8 . C a t a l o g u e s 

T h e Ca t a logue s u b s y s t e m provides t h e f ac i l i t y for l o n g - t e r m s t o r a g e of \ 
c a p a b i l i t i e s for ob jec t s , w h e r e l o n g - t e r m means beyond a s i n g l e t e r m i n a l s e s s i o n . 
I n t h i s s e n s e , i t s e r v e s a p u r p o s e s imi la r to t h a t of t h e f i l e s y s t e m on t h e P D P - 1 0 . J 
N o t e t h a t a l l of a u s e r ' s c o n t e x t is lost in t h e case of a s y s t e m c r a s h , so i t i s 
v a l u a b l e to s t o r e a n y t h i n g w h i c h represen t s a fa i r a m o u n t of w o r k i n i t s c r e a t i o n 
i n t h e C a t a l o g u e s y s t e m , e v e n if i t a l r eady ex i s t s in a CAPA v a r i a b l e . 

T h i s s e c t i o n o n l y g i v e s an i n t r o d u c t o r y d i s cus s ion of t h e C a t a l o g u e 
s u b s y s t e m . For a c o m p l e t e desc r ip t ion , see Chapter 19, 

5 , 8 . 1 P r e d e f i n e d C a t a l o g u e s 

T h e r e a r e a n u m b e r of Catalogues ava i lab le to t h e u s e r u p o n l o g g i n g i n t o t h e 
s y s t e m . Capab i l i t i e s for t h e s e Catalogues are a u t o m a t i c a l l y p laced in p r e d e f i n e d 
CAPA v a r i a b l e s ^ . 

— 5.7 
4 T h e s e are not the on ly predefined variables In t h - Command Language . For more, see sec t ion 2 0 . 5 
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5.8.1 .1 &USERDIRECTORY 

E v e r y u s e r h a s a p r i v a t e Catalogue, accessable t h r o u g h t h e CAPA v a r i a b l e 
&USERDIRECTORY. 5 L ike all Catalogues, i t m a p s p r i n t n a m e s i n t o s t o r e d 
c a p a b i l i t i e s . To l i s t y o u r Cata logue, u s e t h e p rede f ined t y p e c a l l $CATALIST: 

>$CATALIST(&USERDIRECT0RY,&1TYP0RT) 

T h e p a r a m e t e r M&TTYPORTM is a p redef ined CAPA v a r i a b l e t h a t c o n t a i n s a 
, c a p a b i l i t y fo r t h e H y d r a PORT object connec ted to . you r t e r m i n a l . You w i l l f i n d 

f t h a t y o u r C a t a l o g u e c o n t a i n s (among o t h e r t h i n g s , p e r h a p s ) a C o m m a n d s o b j e c t 
c a l l e d PROFILE. T h i s Commands object is i n v o k e d a u t o m a t i c a l l y a f t e r y o u h a v e 

\ l o g g e d i n , p r o v i d i n g y o u w i t h a n u m b e r of u se fu l m a c r o d e f i n i t i o n s , a m o n g o t h e r 
\ t h i n g s . See s e c t i o n 5 . 9 for m o r e on Prof i les . 

• B e c a u s e s e v e r a l n a m e s are used f r e q u e n t l y , t h e f o l l o w i n g m a c r o s h a v e b e e n 
p u t i n t h e s t a n d a r d p ro f i l e 

USER = &USERDIRECTORY 
+ 

SYS = &SYSDIRECTORY 

U T = &SYSDIRECTORY.UTILITIES 

PUB =&SYSDIRECTORY.PUBLIC 

T h e l a t t e r t h r e e w i l l be discussed in t h e n e x t s ec t i on . 

% B e c a u s e c a p a b i l i t i e s r e s id ing in &USERDIRECTORY a re so f r e q u e n t l y u s e d , i t 
i s t h e d e f a u l t Ca t a logue . Tha t is , if an object w a l k does n t b e g i n w i t h a CAPA 
v a r i a b l e or a C a t a l o g u e , &USERDIRECTORY w i l l be used . E x a m p l e : 

&CAPA «- &USERDIRECTORY.TEST 

i s e q u i v e l e n t t o 

&CAPA - TEST 

5 At one t ime the funct ions of the Catalogue subsystem w e r e performed by the Directory s u b s y s t e m , 
t h e r e f o r e t he n a m e &USERD1RE;CT0RY instead of J.-USERCATALOGUE. 
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5 . S . 1.2 &SYSDIRECTORY 

&SYSDIRECTORY c o n t a i n s a capab i l i t y for t h e sy s t em C a t a l o g u e . T h i s 
C a t a l o g u e c o n t a i n s o t h e r Cata logues , c o m m a n d objec ts , p rocedu re s , and t e m p l a t e s 
t h a t a r e of i n t e r e s t to t h e g e n e r a l u se r c o m m u n i t y . 

T h e r e a r e t w o u s e f u l Cata logues , cal led UTILITIES and PUBLIC, t h a t r e s i d e o n 
&SYSDIRECTORY and a re of i n t e r e s t to most u s e r s . 

UTILITIES c o n t a i n s p r o c e d u r e s and C o m m a n d s objects of g e n e r a l i n t e r e s t , 
s u c h a s t h e MAIL s u b s y s t e m . 

T o l i s t UTILITIES, t y p e 

>$CATAL1ST(&SYSDIRECT0RY.UTILITIES,&TTYP0RT) 

To i n v o k e a C o m m a n d s object or p r o c e d u r e t h a t res ides on a C a t a l o g u e o t h e r 
t h a n t h e &USERDIRECTORY Cata logue , spec i fy t h e object w a l k . If t h e o b j e c t t a k e s 
n o p a r a m e t e r s , y o u m u s t s t i l l spec i fy an e m p t y p a r a m e t e r l is t ( i .e . , s u f f i x i t w i t h 

To i n v o k e t h e MAIL Commands object , for i n s t ance , t ype 

>&SYSDIRECTORY.UTILITIES.MAIL() 

T h e PUBLIC Ca ta logue p rov ides a moans for u s e r s to m a k e s e l ec t ed o b j e c t s 
a c c e s s a b l e b y o t h e r u s e r s . It c o n t a i n s a C o m m a n d s object cal led MAKEPUBLIC, a n d 
a C a t a l o g u e for e a c h u s e r w h o has created one . To ge t a p u b l i c C a t a l o g u e , i n v o k e 
t h e f o l l o w i n g C o m m a n d s objec t : 

&SYSDIRECTORY.PUBLIC.MAKEPUBLICO 

L i k e e v e r y b o d y e lse , y o u can access t h i n g s in y o u r pub l i c Ca ta logue t h r o u g h t h e 
PUBLIC C a t a l o g u e . H o w e v e r , y o u also h a v e access to i t t h r o u g h a n e w c a p a b i l i t y 
8cU*SERDIRECTORY.MYPUBLIC, c rea ted b y t h e above Commands ob jec t . 

USER.MYPUBLIC and PUB.DOLMATZ b o t h po in t to t h e s a m e C a t a l o g u e 
( p r o v i d e d t h a t y o u r n a m e is Dolmatz) , b u t USER.MYPUBLIC posseses m o r e r i g h t s i t . 
If y o u w a n t to i n s e r t a c a p a b i l i t y i n t o y o u r p u b l i c Cata logue , y o u m u s t p e r f o r m a n 
a s s i g n m e n t u s i n g USER.MYPUBLIC: § • 

>USER.MYPUBLIC <- GRUNT 

T h e a b o v e a s s i g n m e n t s tored a c a p a b i l i t y for t h e object p o i n t e d td b y 
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&USERDIRECTORY.GRUNT (Remember - if an object w a l k spec i f i ca t i on d o e s n ' t 
b e g i n a t a C a t a l o g u e , &USERDIRECTORY i;; used as d e f a u l t ) i n t o t h e u s e r s p u b l i c 
g a t a l o g u e . T h e a s s i g n m e n t &SYSDIRECTORY.PUBLIC.DOLMATZ «- GRUNT w i l l f a i l 

E v e r y t h i n g t h a t is p u t in t h e PUBLIC Cata logue is p ro t ec t ed a g a i n s t d e l e t i o n 
t h r o u g h a n y ob jec t w a l k go ing t h r o u g h &SYSDIRECTORY.PUBLIC. You m u s t , 
h o w e v e r , p r o t e c t aga ins t modi f ica t ion . Th i s can be a c c o m p l i s h e d b y u s i n g t h e 
rights restriction facility in t h e Command Language . To r e s t r i c t r i g h t s , a p p e n d 
t h e c a p a b i l i t y b e i n g ass igned w i t h an octal exp re s s ion i n d i c a t i n g w h i c h r i g h t s a r e 
t o b e r e s t r i c t e d . For mos t purposes , i t w i l l be s u f f i c i e n t to r e s t r i c t $MODIFYRTS 
( o c t a l # 2 0 0 0 0 ) . A good d iscuss ion of k e r n e l r i g h t s can be f o u n d i n T h e H y d r a 
K e r n e l R e f e r e n c e M a n u a l . An e x a m p l e of r i g h t s r e s t r i c t i o n f o l l o w s : 

>&USERDIRECTORY.MYPUBLK> &PUB0BJ[ , *20000] 

T h i s r e s t r i c t s t h e k e r n e l r i g h t $MODIFYRTS in t h e c a p a b i l i t y passed to t h e 
C a t a l o g u e . For a d d i t i o n a l i n f o r m a t i o n abou t t h e r i g h t s - r e s t r i c t i o n f a c i l i t y , s e e 
s e c t i o n 2 0 . 3 . 1 0 . One t i m e w h e n y o u s h o u l d not a t t e m p t to r e s t r i c t 
$MODIFYRTS is w h e n t h e object to be ass igned is of t y p e CATALOGUE ( i . e . , a 
C a t a l o g u e ) or DIRECTORY. If $MODIFYRTS is r e s t r i c t ed on a c a p a b i l i t y p o i n t i n g o t 
a n o b j e c t of e i t h e r of t he se types , i t w i l l be imposs ib le to l i s t t h e c o n t e n t s of t h e 
C a t a l o g u e (or d i r e c t o r y ) . A n y w a y , e v e r y c a p a b i l i t y i n i t w i l l be i m p l i c i t l y 
p r o t e c t e d f r o m de l e t i on because e v e r y objec t w a l k w i l l go t h r o u g h 
&SYSDIRECTORY.PUBLIC. 

5.8 . 2 U s i n g t h e C a t a l o g u e S u b s y s t e m 

C a t a l o g u e s i n Hydra h a v e a d i rected g r a p h s t r u c t u r e , and c a n c o n t a i n 
c a p a b i l i t i e s for a n object of a n y h y d r a t y p e ( i n c l u d i n g o t h e r C a t a l o g u e s ) 

x T h e r e f o r e , i t is poss ib le to s t r u c t u r e you r use r Ca ta logue to s u i t y o u r n e e d s . Fo r 
i n s t a n c e , y o u r t o p - l e v e l u se r Catalogue m a y c o n t a i n an e n t r y for a C a t a l o g u e 
n a m e d ALGOL, i n w h i c h all y o u r ALG0L68 p r o g r a m s and o t h e r r e l a t ed o b j e c t s a r e 
k e p t . 

Be a w a r e t h a t a capab i l i t y for a p a r t i c u l a r objec t can be s to red u n d e r m o r e 
t h a n o n e n a m e i n t h e same Catalogue (pe rhaps w i t h d i f f e r e n t r i g h t s fo r e a c h 
n a m e ! ) . On t h e s u b j e c t of names , bear in m i n d t h a t t h e n a m e g i v e n to an o b j e c t ( 
c a l l e d t h e print name) is of use ONLY for s p e c i f y i n g t h a t c a p a b i l i t y i n t h e 
C a t a l o g u e . ' 

If it doesn ' t fail , congra tu la t ions! You've found a new bug. 

T h e global n a m e of an object (a unique 64-bi t bit pat tern) is assigned to each object upon c r e a t i o n . 
IVIore on global n a m e s can be found in The Hydra Kernel Reference M a n u a l 
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5 . 9 . P r o f i l e s 

As y o u m a y h a v e no t i ced b y n o w , do ing t h i n g s in Hydra r e q u i r e s q u i t e a b i t 
o f t y p i n g . For e x a m p l e , to r u n t h e Algo l68 compi le r , one m u s t m a k e t h e f o l l o w i n g 
p r o c e d u r e i n v o c a t i o n : 

>&SYSDIRECT0RY.PUBL1C.ALG0L68.CMDS.ALG0L68() 

T h e w a y to avo id a l l t h i s t y p i n g , of cour se , is to dec la re a m a c r o 

2MACRO ALG68 = 8cSYSDIRECTORY.PUBLIC.ALGOL68.CMDS.ALGOL68$ 

a n d t h e n t y p e 

>ALG68() 

T h e r e is a spec ia l C o m m a n d s object in y o u r u s e r d i r e c t o r y cal led a profile. E v e r y 
n e w a c c o u n t r ece ives t h i s p ro f i l e w h e n i t is c rea ted . It is i n v o k e d e v e r y t i m e y o u 
l o g o n , a n d d e f i n e s mac ros for a n u m b e r of u se fu l p r o c e d u r e s . 

To see w h a t is in y o u r p rof i l e , u s e t h e mac ro (def ined in t h e p ro f i l e ) M p r i n t M : 

>PR1NT(PR0FILE) ZSince PROFILE is on &USERDIRECTORY, there 
is 
no reason to specify this Catalogue in the object 
walk?. 

T h e w o r d "HELP" h a s been def ined as a mac ro . Type i t and see w h a t h a p p e n s . 

T h e s ize of t h e s t a n d a r d p rof i l e ha s been k e p t to a m i n i m u m . It i s e x p e c t e d 
t h a t s u b p r o f i l e s w i l l be m a d e ava i l ab le to special classes of u s e r s w i t h p a r t i c u l a r 
n e e d s ( i . e . , Bliss u s e r s , A lgo l68 u s e r s ) . 

5 . 1 0 . I n p u t a n d O u t p u t 

T h e c o m m a n d l a n g u a g e p rov ides a f e w I/O p r i m i t i v e s for u s e m a i n l y i n 
c o m m a n d ob jec t s . T h e TYPE s t a t e m e n t w a s d e m o n s t r a t e d ea r l i e r i n t h i s p r i m e r . 
T Y P E w i l l o u t p u t s t r i n g s and i n t ege r s , bu t not capabi l i t i es . An a t t e m p t to p r i n t a ^) 
c a p a b i l i t y w i l l r e s u l t i n M Capa M be ing p r i n t e d . It is i m p o r t a n t to n o t e t h a t t h e 
T Y P E s t a t e m e n t does n o t p r o v i d e t h e so-ca l led "serv ice" of p u t t i n g i n a f r e e 
c a r r i a g e - r e t u r n l ine feed . T h e u s e r m u s t t y p e one o u t e x p l i c i t l y if o n e i s d e s i r e d . 
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To d o t h i s , a s t r i n g c o n t a i n i n g t h e c a r r i a g e - r e t u r n l ine feed m u s t be s u p p l i e d , a n d 
o n e w a y is w i t h a m a c r o ( w h a t ? you skipped t h e sec t ion on m a c r o s ? Go b a c k a n d 
r e a d i t n o w ! ) 

T h e q u e s t i o n - m a r k before a c h a r a c t e r is t h e "con t ro l -escape" c h a r a c t e r , a n d c a u s e s 
t h e c o m m a n d i n t e r p r e t e r s c a n n e r to m a k e t h e n e x t c h a r a c t e r i t s c o n t r o l - s h i f t 
e q u i v a l e n t . T h u s " ? M ? J M t u r n s i n to c o n t r o l - M - c o n t r o l - J , w h i c h if y o u d i d n ' t 
a l r e a d y k n o w y o u w i l l soon memor i ze as boing ca r r i age r e t u r n and l i n e f e e d . 

T h e i n p u t p r i m i t i v e s a re ACCEPT and INTERPRET. T h e ACCEPT e x p r e s s i o n , 
w r i t t e n M ACCEPT() M , ge t s i n p u t f rom t h e t e r m i n a l , r e t u r n i n g a s t r i n g of a l l 
c h a r a c t e r s u p t o , b u t no t i n c l u d i n g , t h e ca r r i age r e t u r n - l i n e f eed w h i c h 
t e r m i n a t e s t h e l i n e . ( T h e r e is an opt ion w h i c h i n c l u d e s t h e M b r e a k M c h a r a c t e r ( s ) 
f r o m t h e i n p u t l i n e . ) T h e v a l u e of t h e express ion ( t h e s t r i n g ) m a y be a s s i g n e d t o a 
s t r i n g (WORDVEC) v a r i a b l e . 

T o c a u s e i n c l u s i o n of t h e ca r r i age r e t u r n l inefeed , u se ACCEPT(O). T h e d e f a u l t 
c a s e , i .e . , ACCEPTO, is t h e same as ACCEPT( 1). 

INTERPRET is m o r e compl ica ted t h a n ACCEPT. It accepts a n i n p u t l i n e , a n d 
t h e n f eeds t h e l i n e to t h e c o m m a n d i n t e r p r e t e r , w h i c h e x e c u t e s i t as if i t w e r e a n 
e x p r e s s i o n ( w h i c h i t had be t t e r be) . The r e t u r n v a l u e is w h a t e v e r t h e e x p r e s s i o n 
e v a l u a t e s to , w h i c h m a y be an in teger , a capab i l i ty , or a s t r i n g . You s h o u l d n o t e 
t h a t t h e t y p e d e x p r e s s i o n is e x e c u t e d in t h e c o n t e x t in ef fec t a t t h e l o c a t i o n of t h e 
c a l l t o INTERPRET, no t i n t h e c o n t e x t of t h e "ou te r " l eve l s of t h e c o m m a n d 
i n t e r p r e t e r . T h i s is i m p o r t a n t if y o u e x e c u t e INTERPRET f rom w i t h i n a c o m m a n d 
o b j e c t w h i c h h a s de f ined local var iab les , e.g. 

MACRO CRLF=M?M?J"$ 

>WORDVEC &S.5 
0>&S[1,10] «- ACCEPTO 
Hello. 
Hello.> 

! We typed this line 
! This is the return value, typed by the CI . 
! Note that no CRLF is included. 

! The CI typed this line 
! The 0 is the return value 
! of the TYPE expression. 

5.10 
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>WORD &I 
0>&I *- 99 
99>BEGIN 
BYWORD &I .&J; 
BtTYPE "Well?? " 
B:&I «- 37 
U &J «- 1NTERPRET0 
B7TYPE &J," 
S?* 

Well? & I 

37 
0>TYPE &I,"?M?J" 
99> 

7. The "B:" tells vou that you are in a block 7. 
7. The ?? means 7 will be put in the string. 7. 

7.The "S:" tells you that you are in a string. 7. 

?NTERPRETk7S e x e c u ' e c * n e r e ? w e ' y P e input to 
7. This is what is typed by the TYPE statement 7. 

T h i s d y n a m i c b i n d i n g of n a m e s s h o u l d be fami l ia r to u s e r s of s y s t e m s s u c h as LISP 
or A.PL. 

5 . 1 1 . P o i n t e r s t o m o r e i n f o r m a t i o n 

T h i s p r i m e r is n e i t h e r comple te nor s t r i c t l y a c c u r a t e . M o r e p r i n t e d 
i n f o r m a t i o n m a y be f o u n d in t h e command l anguage m a n u a l , w h i c h i n c l u d e s a 
c o m p l e t e s y n t a x and l is t of f e a t u r e s . It can be f o u n d in C h a p t e r 2 0 a n d o n 
CMDINT.DOC[N810HY97] . Also ava i lab le f rom t i m e to t i m e a r e u p d a t e s o n t h e 
C o m m a n d L a n g u a g e . T h e y a re found on CL??.DOC[N810HY97] as t h e y a r e 
a v a i l a b l e . T h e ? ? r e f e r s to t h e ve r s ion n u m b e r of t h e c o m m a n d l a n g u a g e . 
U n f o r t u n a t e l y , e v e n t h e s e d o c u m e n t s leave s o m e t h i n g to be des i red , a n d t h e o n l y 
r e a l l y s a t i s f a c t o r y w a y of l e a r n i n g t h e command l a n g u a g e is to u s e i t a n d w a t c h 
o t h e r s do t h e s a m e . 

Good l u c k . 
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6. Terminals and C.mmp 

6 . 1 . C o n n e c t i n g a t e r m i n a l t o C . m m p 

6 .1 .1 F r o n t e n d t e r m i n a l s 

N o r m a l l y , u s e r c o n n e c t i o n s to C.mmp are made v i a t h e F r o n t End. T h e F r o n t 
E n d m u l t i p l e x e s t e r m i n a l s to severa l of t h e d e p a r m e n t a l c o m p u t e r s : t h e P D P - 1 0 ' s 
( t h e A s y s t e m , t h e B s y s t e m , or t h e D sys t em) , c o m p u t e r n o d u l e s ( s ic ) , t h e AI 
r e s e a r c h s y s t e m s , or to C.mmp ( t h e C sys tem) . Most CMU c o m p u t e r u s e r s s h o u l d 
b e f a m i l i a r w i t h t h e F r o n t End sys t em by n o w , b u t a q u i c k r e v i e w w o u l d n ' t h u r t . 

T h e F r o n t End is a P D P - 1 1 / 4 0 , p h y s i c a l l y loca ted i n t h e m a c h i n e r o o m 
b e h i n d t h e l i n e p r i n t e r , to w h i c h most of t h e t e r m i n a l s i n t h e b u i l d i n g a r e 
c o n n e c t e d b y m e a n s of d i r ec t cables . Some d i a l u p p o r t s (and soon a l l b u t Da te l 
d i a l u p p o r t s ) c o n n e c t to t h e Fron t End. W h e n a t e r m i n a l is f i r s t c o n n e c t e d t o t h e 
F r o n t End , or w h e n i t s s y s t e m is f i rs t b r o u g h t u p , t h e F r o n t End m u s t d e t e r m i n e 
t h e s p e e d of t h e t e r m i n a l . One m u s t t he re fo re t y p e a k n o w n c h a r a c t e r , n a m e l y tC, 
s e v e r a l t i m e s , w h i l e t h e Fron t End t r i es to i n t e r p r e t i t a t v a r i o u s speeds . W h e n i t 
f i n d s a speed at w h i c h t h e i n c o m i n g cha rac t e r l ooks l i k e a tC, i t p r i n t s a s i g n o n 
m e s s a g e a n d a s k s y o u to select a Host (H for he lp ) . To c o n n e c t to C .mmp, t y p e ' C . 

W h e n H y d r a r e c e i v e s a connec t ion from t h e F ron t End, i t g e n e r a t e s a V i r t u a l 
t e r m i n a l ' a n d c r o s s p a t c h e s y o u to i t . All c h a r a c t e r s r e c e i v e d b y t h e F r o n t E n d a r e 
t r a n s m i t t e d d i r e c t l y to C.mmp. W h e n a F ron t -End escape c h a r a c t e r (t«-, c o n t r o l 
b a c k a r r o w ) i s r e c e i v e d by Hydra , i t b reaks t h e c o n n e c t i o n to t h e F r o n t End . If y o u 
b r e a k a C . m m p c o n n e c t i o n and t h e n r e -e s t ab l i sh i t , y o u w i l l ge t r e c o n n e c t e d t o 
y o u r o w n j o b . 

T h e l i n k f r o m t h e Fron t End to C.mmp is a 4 8 0 0 - b a u d ASLI ( A s y n c h r o n o u s 
L i n e I n t e r f a c e ) w h i c h c o n n e c t s v ia processor ' C 

6 . 1 . 2 T h e t e l e t y p e s i n t h e m a c h i n e r o o m 

A l m o s t n o o n e u s e s t h e T e l e t y p e t m t e r m i n a l s in t h e C .mmp r o o m ; a f t e r a l l , 
w h o w a n t s a 1 1 0 b a u d u p p e r - c a s e - o n l y noisy t e r m i n a l w h i c h p r o b a b l y d o e s n ' t 
w o r k a l l t h a t w e l l a n y w a y , w h e n nice 1^00 baud v ideo t e r m i n a l s a re a v a i l a b l e ? 
T h e r e f o r e , o n e n e e d s no i n f o r m a t i o n about h o w to m a n g l e t h e p a t c h p a n e l t o 
c o n v i n c e a T e l e t y p e to t a l k to C.mmp; anyone w h o is so d e s p e r a t e as to r e q u i r e 
C . m m p w h e n t h e F r o n t End is d o w n is a l ready a h a c k e r and k n o w s . T h e r e f o r e , t h e 
m a t e r i a l f o r m e r l y i n t h i s sec t ion ha s been dele ted. 
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6.1.3 C o n n e c t i n g f r o m t h e G r a p h i c s 

T h e r e i s o n e CMU "Graphics W o n d e r ' * t m t e r m i n a l t h a t is e l e c t r i c a l l y 
c o n n e c t e d t o C . m m p . In o rder to ge t i t and C.mmp t a l k i n g to e a c h o t h e r y o u h a v e 
t o d o s o m e h a n d w a v i n g . Firs t , i t is necessa ry to u n d e r s t a n d a l i t t l e b i t a b o u t t h e 
g r a p h i c s k e y b o a r d . Th i s b izar re k e y b o a r d is called a 'S tanford Keyboard*, a n d w a s 
p e r p e t r a t e d o n t h e p u b l i c by t h e u n i v e r s i t j ' of t h e same n a m e . 

• 
T h e S t a n f o r d keyboa rd ha s ( in add i t ion to k e y s i n a l l t h e w r o n g p l a c e s ) , a 

n u m b e r of " s h i f t " k e y s . The k e y label led "SHIFT" s h i f t s l o w e r case l e t t e r s t o 
u p p e r c a s e l e t t e r s . T h e l ock ing k e y m a r k e d "upper case" is t h e s h i f t - l o c k fo r t h i s 
k e y . I n o r d e r to o b t a i n t h e special c h a r a c t e r t h a t is p r i n t e d on t h e t op of e a c h k e y , 
y o u m u s t u s e t h e "TOP" sh i f t k e y . The "CONTROL" sh i f t k e y does e x a c t l y w h a t a 
c o n t r o l k e y a l w a y s does. H o w e v e r , to t a l k to t h e g r a p h i c s m o n i t o r , y o u u s e t l i e 

• "META" k e y , o r b o t h t h e "META" k e y and t h e "CONTROL" k e y t o g e t h e r . T h e s e w i l l 
be d e n o t e d , r e s p e c t i v e l y , as <M>C or <MC>C, w h e r e C is some c h a r a c t e r . T h e s e 
c h a r a c t e r s a r e i n t e r p r e t e d d i r e c t l y b y t h e g r a p h i c s m o n i t o r and n o t t r a n s m i t t e d t o 
t h e h o s t c o m p u t e r . 

* • 

F i r s t i t i s nece s sa ry to h a v e t h e g r a p h i c s ope ra t iona l . If t yped c h a r a c t e r s d o 
n o t e c h o o n t h e g r a p h i c s , i t means t h a t (1) t h e PDP-10 is d o w n ; w a i t for i t t o c o m e 
b a c k o r ( 2 ) t h e g r a p h i c s mon i to r is d o w n ; reload i t . <M>CALL s o m e t i m e s w o r k s i f 
t h e g r a p h i c s m o n i t o r is not too bad ly s c r e w e d up ; if n o t h i n g h a p p e n s , p u s h t h e 
l i t t l e r e d b u t t o n on top of t h e k eyboa rd . This reboots t h e g r a p h i c s m o n i t o r f r o m 
t h e P D P - 1 0 . I t i s n o t necessa ry t h a t y o u h a v e a job logged i n on t h e P D P - 1 0 . 

N o w , if y o u h a v e j u s t w a l k e d u p to t h e g r aph i c s , or if y o u h a v e r e b o o t e d i t , 
y o u m u s t r e l o a d a p rog ram w h i c h enables c o m m u n i c a t i o n to C .mmp. To do t h i s , 
y o u t y p e t h e c o m m a n d on t h e PDP-10: 

INI @CT[N810HY97] 

D u r i n g t h e in i t i a l i za t ion n o t h i n g m u c h appears to h a p p e n ; t h i s is b e c a u s e t h e 
p r o g r a m is b e i n g loaded in to t h e g r aph i c s mon i to r , w h i c h doesn ' t d i s p l a y m u c h . 
A f t e r i t i s l oaded , i t w i l l connec t to C.mmp, and a s s u m i n g H y d r a is r u n n i n g 
( w h a t ? You d i d n ' t c h e c k t ha t f i r s t ? ) y o u m a y n o w proceed to u s e t h e g r a p h i c s a s 
a n y o t h e r C m m p t e r m i n a l . 

To r e t u r n to t h e PDP-10, t ype <MC>R <M>T; to s w i t c h t h e c o n n e c t i o n b a c k 
t o C . m m p , t y p e <MC>R <M>C. 

6 . 1 . 4 O t h e r k i n d s of t e r m i n a l s 

H y d r a u n d e r s t a n d s ce r t a in phys i ca l c h a r a c t e r i s t i c s of t e r m i n a l s (no , n o t t h a t 
t h e y a r e b l u e or w h i t e or h a v e f u n n y keyboards . . . ) s u c h as h o w to m o v e t h e 
c u r s o r l e f t , h o w to clear a v ideo t e r m i n a l sc reen , e tc . M o s t l y , t h e s e c h a r a c t e r i s t i c s 
a r e " w i r e d i n " t o t h e Kerne l , w h i c h h a s c l eve r l i t t l e t ab les in i t s d e v i c e s u p p o r t 

6 .1 .3 



T e r m i n a l s and C.mmp 6 - 3 

r o u t i n e s . Someday , t h e u s e r m a y be able to specify t h i s , b u t r i g h t n o w t h e r e i s so 
l i t t l e n e e d for s u c h a f e a t u r e t h a t Kerne l tables are compi led r i g h t i n . T h e d e v i c e s 
w h i c h t h e K e r n e l c u r r e n t l y u n d e r s t a n d s are : 

Model 3 3 T e l e t r i p e t m 

Texas I n s t r u m e n t s "s i lent 7 0 0 M se r ies 
Supe rbee II 
M i n i b e e IV 
In fo ton 
Datamedia 2 0 0 0 
DEC LA36 DECwri ter 

N o r m a l l y , t h e F ron t End i n f o r m s Hydra w h i c h t y p e of t e r m i n a l is c o n n e c t e d ; 
h o w e v e r , i t s i n f o r m a t i o n m a y be incor rec t , so t h e u s e r h a s t h e o p t i o n of 
r e s p e c i f y i n g t h i s i n f o r m a t i o n af te r logging in . 

6 . 1 . 5 T e r m i n a l K e y b o a r d C h a r a c t e r s 

C e r t a i n c h a r a c t e r s t y p e d at t h e keyboard h a v e p a r t i c u l a r e f f ec t s u p o n t h e 
s y s t e m . M o s t of t h e s e a re w h a t one expec t s if one is f a m i l i a r w i t h o u r P D P - 1 0 s , 
b u t a b r i e f r e v i e w is i n c l u d e d h e r e for those w h o are no t , or w h o don ' t r e m e m b e r 
a l l of t h e f u n c t i o n s : 

* C o n t r o l - H or Delete: e rases t h e p r ev ious c h a r a c t e r ; if t h e t e r m i n a l c a n 
b a c k s p a c e , t h e c u r s o r w i l l be moved left; for v ideo t e r m i n a l s t h e p r e v i o u s 
c h a r a c t e r w i l l also be erased . 

* C o n t r o l - U : cance l s t h e c u r r e n t l ine ( equ iva l en t to a se r i es of c o n t r o l - H 
c h a r a c t e r s ) . On v i d e o t e r m i n a l s an a t t empt is made to e rase t h e e n t i r e l i n e . 

* C o n t r o l - I : Tab, m o v e s t h e c u r s o r to t h e n e x t tab s top. Tab s tops a r e se t e v e r y 8 
p o s i t i o n s . If t h e d e v i c e c a n n o t a c t u a l l y tab, a n u m b e r of spaces a r e p r i n t e d t o 
m o v e to t h e n e x t t ab s top . 

* C o n t r o l - K : J u s t l i k e t y p i n g t h e "break" k e y . 
* C o n t r o l - L : On v ideo t e r m i n a l s , c lears t h e screen. On h a r d c o p y t e r m i n a l s , j u s t 

p r i n t s a f e w b l a n k l i n e s ( t h r e e , w e t h i n k ) . 
* C o n t r o l - O : c lea rs o u t p u t . C u r r e n t o u t p u t is f l u s h e d and f u t u r e o u t p u t i s 

r e j e c t e d . T h i s mode is rese t by t y p i n g ano the r c o n t r o l - 0 or b y s e n d i n g a READ 
. r e q u e s t d o w n to t h e t e r m i n a l . 

* Con t ro l~S : t e m p o r a r i l y s u s p e n d s o u t p u t . Ou tpu t s tops a lmos t i n s t a n t l y , a n d i s 
c o n t i n u e d b y t y p i n g : 

* C o n t r o l - Q : r e s u m e s o u t p u t suspended by con t ro l -S . 
* C o n t r o l - R : t h i s is supposed to r e t y p e i h e l ine , b u t r i g h t n o w i t does n o t h i n g . 

T r y i t ; p e r h a p s r e t y p e w i l l be imp lemen ted by t h e t i m e y o u read t h i s . 
* C o n t r o l - T : Gives t h e s t a t u s of t h e Kernel , Te rmina l M u l t i p l e x o r , or usefr j o b . 

D u r i n g K e r n e l i n i t i a l i z a t i o n i t w i l l p r in t ou t w h a t t h e K e r n e l is d o i n g ; i f i t 
p r i n t s Cold Star t Pass 1 or Fr ig id Start Pass 1 or Fr ig id S ta r t Pass 2 y o u h a v e 
t i m e to go u p to t h e 8 t h f loor v e n d i n g mach ines and ge t some (a l l eged) food . 
A Cold S t a r t or Fr ig id S ta r t w i l l r e q u i r e on t h e order of 2 0 m i n u t e s . N e t w o r k 
u s e r s can 'Vget t h e s e r e a s s u r i n g messages because t h e N e t w o r k s o f t w a r e i s n o t 
r u n n i n g d u r i n g t h e s e pe r iods , so t h e connec t ion w i l l p r o b a b l y t i m e o u t . Onfce 
t h e t e r m i n a l m u l t i p l e x o r is u p , i t i n t e rcep t s t h e c o n t r o l - T and w i l l p r i n t o u t 
i t s v e r s i o n n u m b e r or g i v e some o the r use fu l s t a t u s i n f o r m a t i o n . No te t h a t 

6 .1 .4 



6 - 4 Termina l s and C.mmp 

c o n t r o l - T fo rces t h e Te rmina l M u l t i p l e x o r to c h e c k t h e J o b M o n i t o r i t h a s 
c r e a t e d to t a l k t o y o u ; if t h e J o b Mon i to r is dead a n e w o n e w i l l be c r e a t e d . 
W h e n i n d o u b t , t r y c o n t r o l - T . E v e n t u a l l y , c o n t r o l - T w i l l be r e p o r t e d t o t h e 
j o b m o n i t o r w h i c h w i l l te l l y o u s o m e t h i n g a b o u t t h e job ; t h i s i s n o t y e t i n 
b u t w e t h i n k w e k n o w h o w to do i t , so t r y i t . 

* C o n t r o l - u n d e r s c o r e (or c o n t r o l - b a c k a r r o w , d e p e n d i n g u p o n w h a t y o u r 
t e r m i n a l k e y t o p s h o w s for t h i s code). T e m p o r a r i l y s u s p e n d s t h e f r o n t - e n d o r 
N e t w o r k l i n k a n d r e t u r n s t h e t e r m i n a l to t h e f r o n t e n d o r loca l h o s t . A 
r e c o n n e c t i o n t o C .mmp w i l l g i v e tire use r t h e s ame j o b i n m o r e - o r - l e s s 
e x a c t l y t h e s a m e s t a t e as before t h e b r e a k ( t y p e a h e a d is n o t g u a r a n t e e d t o b e 
p r e s e r v e d ) . 

* C o n t r o l - c a r e t (or c o n t r o l - u p a r r o w , on older t e r m i n a l s ) . P e r m a n e n t l y b r e a k s 
t h e f r o n t - e n d c o n n e c t i o n . The Job M o n i t o r and a l l t h e s u b j o b s a r e d e l e t e d . 
R e c o n n e c t i n g t o C.mmp w i l l g i v e a c o m p l e t e l y n e w t e r m i n a l c o n n e c t i o n 
i n c l u d i n g a n e w J o b Moni to r . None of t h e s t a t u s of t h e old c o n n e c t i o n 
r e m a i n s , and t h e r e f o r e a n e w t e r m i n a l t ype m u s t be r e - e s t a b l i s h e d . U s u a l l y 
t h e F r o n t End w i l l do t h i s co r rec t ly , p r o v i d i n g i t k n o w s t h e c o r r e c t t e r m i n a l 
t y p e . 

6 . 2 . T h e H y d r a T e r m i n a l M u l t i p l e x o r 

T h e H y d r a T e r m i n a l m u l t i p l e x o r s u b s y s t e m is t h e pa r t of H y d r a t h a t c o n t r o l s 
y o u r t e r m i n a l . V e r y l o w - l e v e l cont ro l , s u c h as p rocess ing of r u b o u t s , e c h o i n g o f 
c h a r a c t e r s , w o r r y i n g a b o u t w h i c h c h a r a c t e r s a re b r e a k s , e tc . , i s h a n d l e d b y t h e 
k e r n e l fo r r e a s o n s of e f f i c i ency . The T e r m i n a l M u l t i p l e x o r is t h e n e x t h i g h e r 
l e v e l of c o n t r o l . It t a k e s c h a r g e of connec t i ng y o u r t e r m i n a l to v a r i o u s p r o c e s s e s , 
b u f f e r i n g , and c o n n e c t i n g y o u to t h e command i n t e r p r e t e r ( w h i c h is i n f ac t j u s t 
a n o t h e r p roces s ) . 

I n o r d e r to p r o p e r l y u n d e r s t a n d t h e n a t u r e of t h e T e r m i n a l M u l t i p l e x o r a n d 
w h a t i t c a n do fo r y o u , y o u m u s t f i r s t k n o w s o m e t h i n g a b o u t H y d r a P o r t s a n d 
H y d r a C o n n e c t i o n Objects . Por t s are v e r y w e l l d o c u m e n t e d i n t h e K e r n e l M a n u a l , 
b u t t h e r e i s n o p a r t i c u l a r w r i t t e n d o c u m e n t a t i o n a b o u t c o n n e c t i o n o b j e c t s . W e 
s h a l l a t t e m p t to f i l l t h a t void u n t i l s u c h t i m e as of f ic ia l d o c u m e n t a t i o n b e c o m e s 
a v a i l a b l e . 

6 . 2 . 1 C o n n e c t i o n O b j e c t s 

Data is t r a n s p o r t e d a r o u n d t h e i n n a r d s of Hydra v i a p o r t s . T h e s e p o r t s a r e 
c o n n e c t e d to e a c h o t h e r b y means of port c o n n e c t i o n s . Po r t s a r e a v e r y g e n e r a l 
m e c h a n i s m , w h i c h m a y be used for I/O, messages , s e m a p h o r e s , e t c . A p a r t i c u l a r 
u s e of p o r t s w h i c h is of p r i m a r y concern to t h e b e g i n n i n g C .mmp u s e r i s t h a t of 
t e r m i n a l p o r t s . 

I n H y d r a , e v e r y rea l dev ice looks l i k e a Por t , i .e., d i s k s , t apes , DECtapes , 
t e r m i n a l s , e t c . H o w e v e r , in t h e case of t e r m i n a l s , no u s e r e v e r a c t u a l l y o b t a i n s a 
c a p a b i l i t y for a d e v i c e or connec t s d i rec t ly to a t e r m i n a l . Ins tead , a n i n t e r m e d i a r y 
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k n o w n as t h e T e r m i n a l M u l t i p l e x o r s i ts b e t w e e n t h e dev i ce a n d t h e u s e r , a n d 
u s e r s c o n n e c t t o t h e T e r m i n a l M u l t i p l e x o r por t . T h e T e r m i n a l M u l t i p l e x o r 
h a n d l e s a l l of t h e message t r a f f i c to t h e device , and p r o v i d e s a g r e a t dea l of p o w e r 
w h i c h w o u l d n o t be ava i l ab l e if t h e device w e r e connec t ed d i r e c t l y to t h e u s e r ' s 
p r o c e s s . S ince a u s e r can h a v e m a n y processes, t h e t e r m i n a l M u l t i p l e x o r a l l o w s 
t h e u s e r t o t a l k t o w h i c h e v e r one is of i n t e re s t at t h e m o m e n t . 

O u t p u t to* a t e r m i n a l is f rom t h e user ' s Por t to t h e t e r m i n a l " d e v i c e " ( W h i c h 
i s r e a l l y s i m u l a t e d b y t h e M u l t i p l e x o r ) . t W h e n a process sends a m e s s a g e o v e r a 
p o r t , t h e SEND o p e r a t i o n w i l l fai l un les s t h e a p p r o p r i a t e o u t p u t c h a n n e l of t h a t 
p o r t i s c o n n e c t e d t o s o m e t h i n g . If t h e user ' s t e r m i n a l i s c o n n e c t e d t o p r o c e s s A, 
a n d p r o c e s s B s e n d s a message over i t s t e r m i n a l po r t , t h a t m e s s a g e m u s t g o 
s o m e w h e r e . One of t h e f u n c t i o n s of t h e T e r m i n a l M u l t i p l e x o r is to p r o v i d e t h a t 
" s o m e w h e r e " a t t h e r e c e i v i n g end of t e r m i n a l por t s w h i c h do n o t c u r r e n t l y h a v e 
t e r m i n a l s a t t a c h e d to t h e m . The Te rmina l M u l t i p l e x o r p r o v i d e s a f u n c t i o n ( t h e 
TALK f u n c t i o n ) w h i c h is used to speci fy w h i c h po r t ' s o u t p u t i s a c t u a l l y 
t r a n s m i t t e d to t h e t e r m i n a l . 

% T h e c o n n e c t i o n s b e t w e e n por ts and t h e T e r m i n a l M u l t i p l e x o r a r e 
r e p r e s e n t e d b y C o n n e c t i o n Objects. If y o u "make" a c o n n e c t i o n ; i .e. i f y o u c o n n e c t 
a p o r t t o t h e T e r m i n a l M u l t i p l e x o r , t h e n as a b y p r o d u c t of d o i n g so, y o u h a v e 
c r e a t e d a C o n n e c t i o n Object w h i c h r ep resen t s t h a t c o n n e c t i o n . T h e r o u t i n g of 
T e r m i n a l t r a f f i c a r o u n d t h e Te rmina l M u l t i p l e x o r is specif ied n o t i n t e r m s of t h e 
p o r t s , b u t i n t e r m s of t h e connec t ion objects r e p r e s e n t i n g t h e c o n n e c t i o n of t h o s e 
p o r t s t o t h e T e r m i n a l M u l t i p l e x o r . 

6 . 2 . 2 T e r m i n a l p o r t s 

In y o u r p r o g r a m , i n p u t and o u t p u t to t h e t e r m i n a l a re p r o g r a m m e d as i n p u t 
a n d o u t p u t r e q u e s t s to a por t . The crea t ion of t h e po r t and i t s c o n n e c t i o n t o t h e 
T e r m i n a l M u l t i p l e x o r a r e n o r m a l l y per formed a u t o m a t i c a l l y b y t h e p r o g r a m m i n g 
s y s t e m r u n t i m e s u p p o r t : i n BLISS, t h e HYDUSR r u n t i m e i n i t i a l i z a t i o n c r e a t e s a n d 
c o n n e c t s a p o r t ; i n L*, i t is par t of t h e sy s t em i n i t i a l i z a t i o n . O n l y t h o s e BLISS 
p r o g r a m m e r s w h o choose not to use HYDUSR, and a s s e m b l y l a n g u a g e 
p r o g r a m m e r s , n e e d w o r r y abou t t e r m i n a l c o n n e c t i o n s . 

6 . 2 . 3 C o m i n g a t t r a c t i o n s 

If y o u h a v e m o r e t h a n one process ac t ive in y o u r " task force" , i t i s u s e f u l t o 
b e a b l e t o c o n n e c t y o u r t e r m i n a l to each or a n y of t h e m . These c o n n e c t i o n s m a y b e 
m a d e d i r e c t l y f r o m t h e t e r m i n a l to t h e process in q u e s t i o n , or m a y be m a d e 
t h r o u g h a c h a i n of po r t s and connec t ion objec ts . In e i t h e r case , h i t t i n g t h e 
c o m m a n d b r e a k ( tK) c h a r a c t e r causes t h e T e r m i n a l M u l t i p l e x o r to b r e a k t h e 
c o n n e c t i o n c loses t to t h e t e r m i n a l and r econnec t t h e t e r m i n a l t o t h e c o m m a n d 
i n t e r p r e t e r . If t h e r e is a c h a i n of por t s l i n k e d beyond t h i s f i r s t l e v e l , t h a t c h a i n 
w i l l n o t be b r o k e n b u t w i l l no t be accessible e i t h e r . At t h e c o m m a n d i n t e r p r e t e r , 
a $ T A L K ( < c o n n e c t i o n object>) m a y be e x e c u t e d to r e c o n n e c t t h e t e r m i n a l to s o m e 
o t h e r p r o c e d u r e . 
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C o n n e c t i o n s also h a v e some p roper t i e s of t h e dev ice associa ted w i t h t h e m . 
F o r e x a m p l e , if y o u a re t a l k i n g on a g i v e n connec t i on and c h a n g e t h e d e v i c e 
s t a t u s , s u c h as t u r n i n g off echo , t h e n tha i cond i t i on w i l l be r e m e m b e r e d fox t h a t 
C j m n j g c j ^ n . W h e n "b reak" r e t u r n s y o u to a p r e v i o u s connec t i on , t h e s t a t e of t h e 
t e r m i n a l for t h a t c o n n e c t i o n w i l l be rese t so echo m a y be t u r n e d b a c k o n ( i f i t w a s 
t u r n e d on i n t h a t c o n n e c t i o n ) and w h e n e v e r y o u r e t u r n to t h e c o n n e c t i o n i n 
w h i c h e c h o w a s t u r n e d off, t h e echo w i l l be t u r n e d off. T h i s is a l l a c c o m p l i s h e d 
b y r e a d i n g t h e dev i ce s t a t u s o u t f rom t h e Kerne l j u s t be fore a c o n n e c t i o n i s 
b r o k e n , a n d w r i t i n g i t b a c k j u s t as a connec t i on is r e - e s t a b l i s h e d . T h e f i r s t t i m e a 
c o n n e c t i o n i s e s t ab l i shed , t h e dev ice s t a t u s is read ou t , so a n e w c o n n e c t i o n 
" i n h e r i t s " t h e c h a r a c t e r i s t i c s set in i t s c r e a t i n g process . 

T h e r e a r e p l a n s and p romises to beef u p t h e T e r m i n a l M u l t i p l e x o r . S o m e of 
t h e f e a t u r e s t h a t a r e p l a n n e d a re t h e sor t s of t h i n g s t h a t y o u m i g h t f i n d y o u r s e l f 
s a y i n g "It s u r e w o u l d be n i c e if w e had _ ". Even t h o u g h t h e User ' s M a n u a l 
i s n o t supposed to be a d r e a m catalog, t h e f u t u r e p l ans for t h e T e r m i n a l 
M u l t i p l e x o r a r e i n c l u d e d h e r e j u s t to s h o w y o u w h a t y o u a re m i s s i n g . 

> A LISTEN f u n c t i o n , t h a t w i l l a l l o w t h e T e r m i n a l M u l t i p l e x o r t o l i s t e n t o 
m a n y processes at once . You m a y see p r i n t e d at t h e T e r m i n a l a n y o u t p u t f r o m 
a n y of t h e p o r t s to w h i c h y o u LISTEN. Obvious ly , t h e k e y b o a r d c a n o n l y b e 
c o n n e c t e d to send data to one of t h e m ; t h e TALK f u n c t i o n w i l l s t i l l c o n t r o l 
t h i s . LISTEN is c u r r e n t l y ava i lab le to L* use r s ; i t is i m p l e m e n t e d i n t h e L* 
k e r n e l r a t h e r t h a n t h e T e r m i n a l M u l t i p l e x o r . 

> A KILL f u n c t i o n , to ge t r id of connec t ion objec ts w h e n t h e y a r e n o l o n g e r 
n e e d e d . Connec t ion ob jec t s al l van i sh w h e n t h e s y s t e m is r e s t a r t e d , so u n t i l 
s u c h t i m e as s y s t e m r e s t a r t s become ra re , nobody is g o i n g to w o r r y t o o m u c h 
a b o u t KILL. 

> A TALKBREAK f u n c t i o n . Th i s w i l l bc^have e x a c t l y l i k e a TALK, s a v e fo r t h e 
w a y i t b e h a v e s w h e n y o u h i t b reak ( tK) at t h e t e r m i n a l . If a c o n n e c t i o n 
c h a i n is m a d e w i t h a se r ies of TALK ch I I s , t h e n a b r e a k r e q u e s t w i l l b r e a k t h e 
o n e c loses t to t h e t e r m i n a l . If a c o n n e c t i o n c h a i n is made w i t h A s e r i e s pf 
TALKBREAK Calls, t h e n a b r e a k r eques t w i l l b r e a k t h e one f a r t h e s t f r o m i t 
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7. Programming for Hydra 

At t h e m o m e n t t h e r e a r e f o u r w a y s you can w r i t e a p r o g r a m for C . m m p t o 
r u n u n d e r H y d r a ; i .e . , t h e r e a r e fou r d i f fe ren t " p r o g r a m m i n g s y s t e m s " a v a i l a b l e . 
Of t h e s e f o u r , t w o a r e p r i m a r i l y batch* sys tems (BLISS-11 and A l g o l -68) , o n e i s 
p r i m a r i l y a c o n v e r s a t i o n a l s y s t e m (L*) f and t h e t h i r d ( a s semble r ) is p r e t t y m u c h 
l i k e e v e r y b o d y ' s a s s e m b l e r s e v e r y w h e r e . 

7 . 1 . A s s e m b l e r 

You m a y p r o g r a m C .mmp in PDP 11 assembly l a n g u a g e . T h i s i s n o t a g o o d 
w a y t o l e a r n a b o u t H y d r a , because all of t h e I t -ca l ls ' w e r e set u p so t h a t t h e y c o u l d 
b e c a l l e d c o n v e n i e n t l y f r o m BLISS-11; as a r e s u l t , some of t h e ca l l s l o o k a l i t t l e 
c l u m s y a n d a re o b s c u r e a t bes t . George Robertson h a s p u t t o g e t h e r a c o l l e c t i o n of 
a s s e m b l e r m a c r o s w h i c h p r o v i d e t h e b ind ings and d e f i n i t i o n s a n d ca l l s of K e r n e l 
f a c i l i t i e s . He r e p o r t s t h a t w i t h some excep t ions s u c h as PATH a n d W A L K n , t h e 
a s s e m b l e r m a c r o ca l l s a r e q u i t e reasonable , and h e o f fe r s an L* k e r n e l coded w i t h 
t h e m t o p r o v e i t . (Those d a r i n g souls a m o n g y o u can f i nd t h i s f i l e a s 
K M A C S . M 1 1 [ N 8 1 0 H Y 9 7 ] . See also t h e .REQUIRE d i r e c t i v e i n M A C N 1 1 ) . T h e 
A s s e m b l e r r u n s on t h e P D P - 1 0 . T h e r e is no assembler r u n n i n g u n d e r H y d r a . 

7 . 2 . B L I S S - 1 1 

C . m m p m a y be p r o g r a m m e d in BLISS-11. BLISS-11 is an " i m p l e m e n t a t i o n 
l a n g u a g e " w h i c h w a s deve loped at CMU. The compi l e r r u n s on t h e PDP 1 0 , a n d 
p r o d u c e s a n o u t p u t f i l e s u i t a b l e for process ing by t h e PDP 11 a s s e m b l e r . H y d r a 
i t s e l f i s coded e n t i r e l y i n BLISS-11 , so t h e compi le r h a s o b v i o u s l y b e e n w o r k e d 
o v e r a n d c h e c k e d o u t to a c e r t a i n e x t e n t . 

7 . 3 . L * 

C . m m p m a y be p r o g r a m m e d in L*. The L* k e r n e l h a n d l e s m o s t of t h e 
n u i s a n c e d e t a i l s of r u n n i n g a p r o g r a m , s u c h as s e t t i n g u p por t c o n n e c t i o n s a n d 
t a l k i n g to t h e PDP 10 l i n k , e t c . The Hearsay-I I s y s t e m for C . m m p i s b e i n g 
i m p l e m e n t e d i n L*, a n d t h e SOS t e x t ed i tor a l r e a d y o p e r a t i o n a l t h e r e i s 
i m p l e m e n t e d i n L*. A h a n d l e r and data recorder for t h e Audio S p e c t r u m A n a l y z e r 
(a p i e c e of Speech h a r d w a r e ) w a s imp lemen ted in L* on C.mmp and is c u r r e n t l y i n 
p r o d u c t i o n . 

For m o r e i n f o r m a t i o n on L*, see LSCD0T.D0CA110LC00]/A 

7 . 4 . A l g o l - 6 8 

One of t h e n e w e s t f e a t u r e s of Hydra is an Algo l68 i m p l e m e n t a t i o n d e s i g n e d 
b y . P e t e r H i b b a r d , P a u l K n u e v e n , and Bruce Levere t t . Severa l a t t r i b u t e s of t h e 
l a n g u a g e m a k e i t s u i t a b l e for t h e C .mmp/Hydra e n v i r o n m e n t : 

7 



7 - 2 P r o g r a m m i n g for Hydra 

1. It i s o n e of t h e v e r y f e w h i g h - l e v e l l a n g u a g e s to s u p p o r t 
m u l t i p r o c e s s i n g c o n t r o l s t r u c t u r e s , e.g. par b e g i n ... e n d and 
s e m a p h o r e s . Appl ica t ions w r i t t e n in Algol on C . m m p w i l l 
t h e r e f o r e be ab le to u se all t h e process ing p o w e r of C. w i t h o u t 
e x p l i c i t i n t e r a c t i o n w i t h t h e Kerne l or Pol icy M o d u l e s . 

2 . T h e c r u c i a l ideas of TYPE and PROCEDURE i n Hydra are c l o s e l y 
p a r a l l e l e d b y t h e m o d e and op ( e ra to r ) concep t s i n A l g o l 6 8 . T h u s 
H y d r a u s e r s w i l l f ind Algo l68 n a t u r a l and v ice ve rsa . 

3 . F i n a l l y , t h e C.mmp i m p l e m e n t a t i o n is w e l l s u i t e d for 
m i n i c o m p u t e r s . It r e su l t ed f rom an i m p l e m e n t a t i o n d e s i g n e d b y 
Pe te r H ibba rd for an Eng l i sh m i n i c o m p u t e r . T h u s , a l t h o u g h 
A l g o l 6 8 is cons ide red d i f f i cu l t to i m p l e m e n t i n A m e r i c a , t h e 
i m p l e m e n t a t i o n on C.mmp is r e m a r k a b l y m a t u r e . 

I t is i n t e n d e d t h a t A l g o l - 6 8 w i l l be t h e p r i m a r y u se r s y s t e m . U n l i k e BLISS-
1 1 a n d A s s e m b l e r , A l g o l - 6 8 does no t r e q u i r e t h e use of t h e P D P - 1 0 to p r o d u c e a n 
o p e r a t i o n a l p r o g r a m . P r o g r a m s a r e crea ted , compi led , l i n k e d , e t c . o n 
C . m m p / H y d r a . 
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8. Introduction to Algol 68 
8 -1 

T h e C . m m p Algol 6 8 sys t em accepts a PAGE, UNIVERSAL of PAGEs, or 
S u p e r F i l e as i n p u t , compi l e s t h i s s o u r c e t e x t and i n v o k e s t h e r u n - t i m e s y s t e m 
w h i c h e x e c u t e s t h e p r o g r a m . E v e n t u a l l y t h i s c o m p i l e - a n d - g o s y s t e m w i l l g i v e 
w a y t o a c o m p i l e - l i n k - a n d - g o s y s t e m w h i c h s u p p o r t s separa te c o m p i l a t i o n a n d 
p r o g r a m l i b r a r i e s . 

8 . 1 . P r e p a r i n g s o u r c e i n p u t u s i n g S O S 

A v e r s i o n of t h e SOS edi tor e x i s t s on Hydra . T h e PDP-10 SOS M a n u a l s e r v e s 
a s t h e u s e r m a n u a l for t h e SOS ed i to r . H o w e v e r , o n l y a subse t of P D P - 1 0 SOS i s 
a v a i l a b l e . In p a r t i c u l a r , t h e Copy, Trans fe r , Find, S u b s t i t u t e a n d J u s t i f y 
c o m m a n d s a r e n o t i m p l e m e n t e d . , • 

A n e w f i l e m a y be c rea ted and edi ted u s i n g SOS b y t y p i n g : C r e a t e O . You w i l l 
b e p r o m p t e d for a f i le n a m e . Your r e p l y s h o u l d be a n a m e of o n e t o t e n l e t t e r s 
a n d / o r d i g i t s . (Othe r c h a r a c t e r s m a y be used , b u t some a re r a t h e r d a n g e r o u s . ) SOS 
s t a r t s i n i n s e r t j n o d e . 

An old f i l e m a y be edited u s i n g SOS by t y p i n g : Edi tQ. Your r e p l y t o t h e 
p r o m p t fo r a f i l e s h o u l d be t h e n a m e g i v e n w h e n y o u c rea ted t h e f i l e or a n u l l 
r e p l y ( i . e . c a r r i a g e r e t u r n ) in w h i c h case t h e f i le most r e c e n t l y ed i t ed o r c o m p i l e d 
w i l l b e u s e d . 

SOS m a y be used to e x a m i n e a f i le i n r e a d - o n l y mode b y t y p i n g : Read( ) . 

A d d i t i o n a l i n f o r m a t i o n abou t SOS m a y be f o u n d i n C h a p t e r 9 . 
P r o b l e m s w i t h and c o m p l a i n t s abou t t h e edi tor s h o u l d be s e n t v i a MAIL t o 
A l l OLCOO on t h e PDP-10 . 

8 . 2 . P r e p a r i n g s o u r c e i n p u t u s i n g TECO 

A v e r s i o n of t h e TECO edi tor e x i s t s on Hydra . It is r o u g h l y a s u b s e t of i t s 
n a m e s a k e on t h e PDP-10 . A n e w f i le m a y be crea ted and ed i t ed u s i n g TECO b y 
t y p i n g : M a k e ( ) . T h e p r o m p t for a f i le n a m e s h o u l d be a n s w e r e d w i t h a n a m e 
c o n s i s t i n g of o n e to t e n l e t t e r s a n d / o r d ig i t s . An old f i le m a y be e d i t e d b y t y p i n g : 
T e c o ( ) . You w i l l be p rompted for a f i le n a m e . A n u l l response c a u s e s t h e l a s t f i l e 
e d i t e d o r c o m p i l e d to be used . 

8 . 3 . S p e c i f y i n g f i l e s a n d f i l e n a m e s 

If y o u h a v e c rea ted a n y p r o g r a m s u s i n g SOS or TECO, y o u r c a t a l o g u e n o w h a s 
a n e n t r y ca l l ed Algol . Th i s is i tself a ca t a logue and t h e r e is an e n t r y i n i t fo r e v e r y 
p r o g r a m y o u c r e a t e . W h e n y o u use one of t h e s t andard c o m m a n d s , s u c h as "Ed i t " 
o r "Teco" , a n d i t p r o m p t s y o u for a f i le n a m e , i t looks u p t h a t f i l e n a m e i n y o u r 
A l g o l C a t a l o g u e . If y o u w a n t to deal w i t h a f i le t h a t i sn ' t in y o u r Algol c a t a l o g u e 
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y o u c a n do t h a t , too ; t h e o n l y r e q u i r e m e n t is t h a t y o u spec i fy c o m p l e t e l y , u s i n g 
t h e c o n v e n t i o n s of t h e CI, h o w to access t h e f i le . For i n s t a n c e , if y o u r u s e r 
c a t a l o g u e h a s an e n t r y cal led Test, and Test is a c a t a l o g u e w i t h a n e n t r y Called 
P r o g w h i c h i s y o u r p r o g r a m , t h e n w h e n "Edit" or "Teco" or w h a t e v e r p r o m p t s y o u 
f o r a f i l e n a m e , y o u s h o u l d type : Test .Frog. If y o u r p r o g r a m i sn ' t e v e n o n a 
c a t a l o g u e b u t i s i n a "Capabi l i ty var iab le" cal led &prog , t h e n y o u s h o u l d t y p e : 
Scprog . 

You c a n b y p a s s t h e p r o m p t by passing t h e p rope r i n d i c a t i o n of y o u r p r o g r a m 
d i r e c t l y t o t h e c o m m a n d , as a pa ramete r . For i n s t ance , y o u m i g h t t y p e : 

E d i t ( A l g o l . p r o g ) 
! E q u i v a l e n t to : 
! Ed i t ( ) 
! S o u r c e f i l e : prog 

E d i t ( T e s t . p r o g ) 
! E q u i v a l e n t to : 
! E d i t ( ) 
! S o u r c e f i l e : t e s t .p rog 

E d i t ( & p r o g ) 
! E q u i v a l e n t to : 
! E d i t ( ) 
! S o u r c e f i l e : &prog 

N o t i c e t h a t t h e s e c o m m a n d s " remember" w h a t t h e las t f i le y o u e d i t e d , r a n , 
e t c . w a s . T h a t i s , if y o u respond to tho p r o m p t b y no t t y p i n g a n y t h i n g b u t 
c a r r i a g e r e t u r n , i t is as if y o u typed t h e n a m e of t h e last f i le y o u ed i t ed or r a n . 
T h e c o m m a n d s do t h i s by m a i n t a i n i n g a "Capabi l i ty v a r i a b l e " ca l led & c u r r e n t f i l e . 
At a n y g i v e n t i m e , t h i s va r iab le is set to t h e f i le c u r r e n t l y in u s e , or t h e l a s t f i l e 
t h a t w a s i n u s e . O r d i n a r i l y you don' t need to k n o w t h i s , b u t for t h e c u r i o u s , 
t h a t ' s h o w i t ' s d o n e . 

E v e r y c a t a l o g u e e n t r y ( indeed e v e r y object in t h e Hydra s y s t e m ) h a s a t y p e . 
F i l e s c r e a t e d b y SOS are of t ype SUPER FILE; f i les c rea ted b y M a k e Q a r e of t y p e 
UNIVERSAL. You ' l l no t i ce t h a t t h e type of each f i le is p r i n t e d o u t w h e n y o u g e t a 
c a t a l o g u e l i s t i n g (see b e l o w ) of all y o u r f i les . SUPER FILE c a n n o t be e d i t e d w i t h 
TECO, a n d UNIVERSALs canno t be edited w i t h SOS, in case y o u w e r e w o n d e r i n g . 

8 . 4 . C o m p i l i n g a n d e x e c u t i n g a p r o g r a m 

F i r s t , t y p e : A l g 6 8 ( ) . The fo l l owing p r o m p t w i l l be t yped : 

S o u r c e I n p u t : 

T h e r e s p o n s e s h o u l d be t h e name of t h e f i le to be compi led and e x e c u t e d . T h e 
d i a l o g c o n t i n u e s w i t h t h e p rompt 

L i s t i n g Device: 

8.3 
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T h i s i s t h e f i r s t of s eve ra l "option p rompt s " w h i c h a re p a r t of t h e s t a n d a r d d i a l o g . 
Fo r e a c h o p t i o n p r o m p t , t h e r e is a set of possible rep l ies , a n d if y o u f o r g e t a n y of 
t h e s e , y o u c a n h a v e t h e sys t em t y p e o u t t h e w h o l e set , b y r e p l y i n g w i t h " ? M . A n y 
r e p l y m a y be a b b r e v i a t e d to o n l y i t s f i r s t l e w c h a r a c t e r s , e n o u g h t o d i s t i n g u i s h i t 
f r o m a l l o t h e r r e p l i e s i n t h e set . A r e p l y m u s t be fo l l owed b y a c a r r i a g e r e t u r n . 

C u r r e n t l y t h e r e i s o n l y one possible r e p l y to t h e 'L i s t i ng Device 1 o p t i o n 
p r o m p t . T h i s i s "TTY", i n d i c a t i n g t h a t a compi l a t ion l i s t i n g i s t o be t y p e d a t t h e 
u s e r ' s t e r m i n a l . A n u l l r e p l y (i .e. a ba re ca r r i age r e t u r n ) i n d i c a t e s t h a t t h e l i s t i n g 
i s t o b e s u p p r e s s e d . In t h e f u t u r e , m o r e rep l ies (e.g. "LPT") w i l l be a v a i l a b l e . 

N e x t , t h e r e is a n o t h e r opt ion p rompt : 

C o m p i l e r Option: 

T h i s p r o m p t i s r e p e a t e d af te r each r ep ly , u n t i l t h e use r t y p e s a n u l l r e p l y ( c a r r i a g e 
r e t u r n ) . A l i s t of t h e ava i lab le rep l ies m a y be f o u n d in Sec t ion 8 . 5 . 1 . A f t e r 
t h e n u l l r e p l y t o t h i s p rompt , t h e compi la t ion beg ins . 

W h e n t h e c o m p i l a t i o n is comple te , a message s t a t i n g t h e p r o g r a m ' s code a n d 
d a t a s i z e s ( i n n u m b e r of w o r d s ) is typed 031 t h e t e r m i n a l . If n o c o m p i l a t i o n e r r o r s 
o c c u r r e d , t h e r u n - t i m e sys tem is cal led. First , h o w e v e r , t h e r e is a n o t h e r o p t i o n 
p r o m p t : 

R u n t i m e Option: 

L i k e t h e p r e v i o u s op t ion p rompt , t h i s one is repeated a f t e r e a c h r e p l y , u n t i l t h e 
u s e r t y p e s a n u l l r e p l y . A l is t of t h e ava i lab le rep l ies m a y be f o u n d b y t y p i n g ". 
One of t h e r e p l i e s is special : 'STANDOUT'. Th i s b r i n g s on t h e ' S t a n d o u t O p t i o n ' 
o p t i o n p r o m p t , b y w h i c h m e a n s t h e u se r specif ies w h a t i s t o be t h e n a t u r e of t h e 
s t a n d o u t c h a n n e l , t h e c h a n n e l on w h i c h t h e s t anda rd o u t p u t f i le is o p e n e d . T h e 
a v a i l a b l e r e p l i e s a r e : 

LIST It is a f i le of t h e LPT subf i l e t ype , w h i c h is l i s t ed as soon as i t i s 
c losed . 

TYPE It is t h e same as C o n s o u t c h a n n e l , t h e c h a n n e l for o u t p u t t o t h e 
u s e r ' s t e r m i n a l . 

SAVE It is a f i le of t h e SOS subf i l e type . More a b o u t t h i s l a t e r ; t h i s i s t h e 
d e f a u l t . 

DELETE Not i m p l e m e n t e d ye t . 

T h e r u n - t i m e s y s t e m t h e n g ree t s t h e u se r w i t h some r e a s s u r i n g m e s s a g e a n d 
c o m m e n c e s p r o g r a m e x e c u t i o n . After t h ^ p r o g r a m f i n i s h e s , a n o t h e r r e a s s u r i n g 
m e s s a g e a p p e a r s a t t h e t e r m i n a l i nd i ca t i ng t h a t e x e c u t i o n is c o m p l e t e . If t h e u s e r 
h a s e a r l i e r spec i f i ed t h e 'SAVE' S tandou t op t ion (or h a s no t spec i f ied a n o p t i o n — 
t h i s i s t h e d e f a u l t ) , t h e a c c u m u l a t e d o u t p u t f rom t h e p r o g r a m u s i n g 
s t a n d o u t c h a n n e l is n o w ava i lab le as a f i le of t h e SOS s u b f i l e t y p e , and t h e s y s t e m 
g i v e s t h e 'F ina l S t a n d o u t Option' op t ion p r o m p t . You m a y spec i fy t h a t t h e f i l e b e 
t y p e d o n y o u r t e r m i n a l , l is ted on t h e l i n e p r i n t e r , saved i n y o u r u s e r d i r e c t o r y 
u n d e r t h e n a m e 'S t andou t ' , or t h r o w n a w a y (it is b iodegradab le ) . 
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If y o u r u n a p r o g r a m m o r e t h a n once w i t h o u t e d i t i n g i t , y o u can s h o r t e n t h e 
c o m p i l a t i o n - e x e c u t i o n s e q u e n c e cons iderab ly , by a v o i d i n g m o r e t h a n o n e 
c o m p i l a t i o n . To do t h i s , f i r s t t ype : Com68() . You s h o u l d do t h i s w h e n e v e V y o u 
h a v e d o n e some e d i t i n g and a re r e a d y to t r y ou t t h e p rog ram aga in . Th i s r u n s t h e 
C o m p i l e r , w h i c h p r o d u c e s an Object P rogram f rom y o u r p r o g r a m . If y o u h a v e a 
s u b c a t a l o g u e cal led Object on y o u r u s e r d i r e c t o r y , t h e Object P r o g r a m w i l l be p u t 
t h e r e ; o t h e r w i s e i t w i l l be p u t on y o u r u s e r d i r e c t o r y . To a c t u a l l y r u n t h i s 
p r o g r a m , t y p e : R u n 6 8 ( ) . • 

8 . 5 . T e r m i n a t i n g A l g o l 6 8 

If y o u r p r o g r a m g e t s i n t o an i n f i n i t e loop, or some o t h e r m i s h a p b e f a l l s i t . 
p r e s s t h e BREAK k e y (Con t ro l -K) , and t h e n type Contro l -C. O r d i n a r i l y , t h i s w i l l 
c a u s e t h e p r o g r a m to be i n t e r r u p t e d and fo rc ib ly s topped. You can a l so i n t e r r u p t 
t h e c o m p i l e r t h i s w a y , if y o u w a n t to . 

8 . 5 . 1 C o m p i l a t i o n S w i t c h e s 

Some of t h e c o m p i l a t i o n op t ions l is ted b e l o w are no t of i n t e r e s t to u s e r s ; 
t h e s e a r e m a r k e d w i t h an a s t e r i sk . Of t h e o the r s , c u r r e n t l y al l a r e a v a i l a b l e as 
p r a g m a t - i t e m s as w e l l . For i n s t ance , if y o u r p rogram c o n t a i n s t h e p r a g m a t 

t h e r e m a i n d e r of t h e p r o g r a m (at least u p to t h e n e x t p r a g m a t ) w i l l be a s s u m e d t o 
u s e t h e " l o w e r " s t r o p p i n g c o n v e n t i o n . 

10:: lower :: 

NODEBUG* 
NOGHOST* 
NOLISTING 
NONAKED* 
NO WARNINGS 

DEBUG* 
GHOST* 
LISTING 
LOWER 
NAKED* 

POINT 
RES 
UPPER 
WARNINGS 

Enable compi l e r debugg ing mode of ope ra t i on . 
M u m b o j u m b o . 
P r o d u c e compi le r source l i s t ing o u t p u t . 
Use l o w e r s t ropp ing c o n v e n t i o n . 
Hocus pocus f i l iocus . 
Disable compi le r d e b u g g i n g mode of ope ra t i on . 
Disable m u m b o j u m b o . 
Suppres s compi le r source l i s t ing o u t p u t . 
Disable h o c u s pocus f i l iocus . 
Do no t o u t p u t w a r n i n g messages. 
Use po in t s t ropp ing c o n v e n t i o n . 
Use r e se rved w o r d s t i o p p i n g c o n v e n t i o n . 
Use u p p e r s t ropp ing c o n v e n t i o n . 
O u t p u t w a r n i n g messages. 

8 . 5 . 2 E x e c u t i o n S w i t c h e s 

DEBUG Enable r u n - t i m e sys tem d e b u g g i n g mode of o p e r a t i o n . T h i s 
is of some l imi t ed use fu lness to u s e r s . T h e u s e r i s p r o m p t e d 
for a set of 'Flags' , t h a t is, a n u m b e r ; t h i s n u m b e r is t r e a t e d as 
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if i t had been passer! as t h e second a r g u m e n t t o a c a l l o n 
Sys t race (see d o c u m e n t a t i o n e l s e w h e r e ) in t h e p r o g r a m . 
T h e use r ' s p rog ram is to be r u n on m o r e t h a n o n e p r o c e s s . 
T h e u se r is prompted for a n u m b e r of processes , w h i c h m a y 
be f rom 1 to 16. Note t h a t t h i s is no t a n u m b e r of p h y s i c a l 
PDP-11 processors , b u t of HYDRA processes ; a n d t h a t a t a n y 
t i m e t h e use r ' s p rog ram m a y m a k e u s e of f e w e r p r o c e s s e s 
t h a n t h e specif ied n u m b e r , or i t m a y be w r i t t e n as i f i t c o u l d 
m a k e use of more ; in e i t h e r case i t s h o u l d s t i l l r u n a n d 
p r o d u c e cor rec t r e su l t s . 
Consu l t t h e i m p l e m e n t o r s before u s i n g t h i s s w i t c h . 
See t h e e x p l a n a t i o n in t h e Algol 6 8 u se r ' s m a n u a l . 

8 . 5 . 3 E r r o r R e p o r t i n g 

A c o m p i l a t i o n e r r o r is ind ica ted by t h e p r i n t i n g of a v a g u e message , t h e l i n e 
c o n t a i n i n g t h e e r r o r , and a l i ne c o n t a i n i n g a pos i t ion i nd i ca to r b e n e a t h t h e f i r s t 
c h a r a c t e r of t h e mos t r e c e n t l y seen i n p u t l e x e m e at t h e t i m e of t h e e r r o r . A 
p o s i t i o n i n d i c a t o r is s i m p l y a d ig i t p r in t ed in t h e a p p r o p r i a t e pos i t i on . If m o r e 
t h a n o n e e r r o r o c c u r s i n a g i v e n l ine , t h e e r r o r messages , f i r s t t o l a s t , a r e 
a s s o c i a t e d w i t h t h e pos i t ion ind ica to rs , lef t to r i g h t , r e spec t i ng t h e f o l l o w i n g 
r u l e . If m a n y e r r o r s o c c u r at t h e same pos i t ion , t h e d ig i t p r i n t e d i n d i c a t e s t h e 
n u t n b e r of e r r o r s w h i c h o c c u r r e d t h e r e . 

S y n t a x e r r o r s w i l l n o r m a l l y cause some po r t i on of t h e i n p u t to be i g n o r e d . 
F o r t h e m o s t p a r t , a n y ignored c h a r a c t e r s a re p r i n t e d on t h e l i s t i n g w i t h e q u a l 
s i g n s b e n e a t h t h e m . 

# No s e m a n t i c p rocess ing of t h e p r o g r a m is done a f te r t h e f i r s t c o m p i l a t i o n 
e r r o r o c c u r s . N a t u r a l l y , t h e r u n - t i m e sys tem is no t cal led if an e r r o r is f o u n d . 

T h e r e a r e also a b n o r m a l s i t u a t i o n s w h i c h a re no t q u i t e as s e v e r e as e r r o r s . 
T h e s e c a u s e a w a r n i n g message to be p r i n t e d i n t h e same f o r m a t as a n e r r o r 
m e s s a g e e x c e p t t h e fact t h a t i t is a w a r n i n g is no ted . W a r n i n g s do *not Cause 
s e m a n t i c p r o c e s s i n g to s top . 

R u n - t i m e e r r o r s a re n o r m a l l y ind ica ted b y t h e p r i n t i n g of a n a c c u r a t e 
s t a t e m e n t of w h a t t h e p rob lem is . Th i s is accompan ied b y an i n d i c a t i o n o f t h e 
s o u r c e p r o g r a m l i n e w h i c h w a s be ing e x e c u t e d w h e n t h e e r r o r o c c u r r e d . 

8 . 6 . T e m p o r a r y R e s t r i c t i o n s 

8 . 6 . 1 T h i n g s Y o u C a r e A b o u t 

Soft b a l a n c i n g of i d e n t i t y - r e l a t i o n s is no t i m p l e m e n t e d . 

T r a n s p u t of s t r u c t u r e d , long int and long real v a l u e s i s n o t 
i m p l e m e n t e d . 

PROCESSES 

SPEEDUP 
STANDOUT 
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Some o p e r a t o r s a re not i m p l e m e n t e d . In p a r t i c u l a r n o o p e r a t o r s 
w h i c h i n v o l v e a n y of t h e mod^s @B[long i n t ] , @B[long r e a l ] , or 
@ Belong c o m p l ] a re imp lemen ted . 

Some s t a n d a r d and p a r t i c u l a r p r e l u d e i d e n t i f i e r s a r e no t 
i m p l e m e n t e d 

P r o g r a m code size is r es t r i c ted to 4 0 9 6 w o r d s . T h i s s h o u l d be a b l e 
to a c c o m o d a t e 2 0 0 to 3 0 0 source l ines of p r o g r a m . 

8 . 6 . 2 T h i n g s Y o u Do Not C a r e A b o u t 

F u l l a n d c o r r e c t mode equ iva l ence c h e c k is n o t i m p l e m e n t e d . Do 
n o t be w o r r i e d abou t t h i s . The mode e q u i v a l e n c e a l g o r i t h m i s 
a l m o s t t o t a l l y co r rec t . An appropr i a t e pr ize w i l l be a w a r d e d to t h e . 
f i r s t u s e r d i s c o v e r i n g t w o e q u i v a l e n t modes w h i c h a r e n o t 
r e c o g n i z e d as s u c h . 

D e t e r m i n a t i o n of necessa ry e n v i r o n based on u s e of a p p l i e d - m o d e -
i n d i c a n t as a c t u a l - d e c l a r e r is not i m p l e m e n t e d c o m p l e t e l y . 

8 . 7 . F o r m o r e i n f o r m a t i o n 

S o m e of t h e r e s t r i c t i o n s men t ioned s h o u l d be d i s a p p e a r i n g i n t h e l a t t e r p a r t 
of 1 9 7 7 . For u p to da t e i n f o r m a t i o n , see HYDA68.XG0 [ L 1 5 0 A L 7 2 ] 
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Part I I : Utilities 

9 . SOS on C.mmp 
T h e C .mmp SOS s u b s y s t e m is composed of t w o pa r t s : t h e SOS s u b f i l e s y s t e m , 

a n d t h e SOS ed i to r . T h e f i r s t pa r t of t h i s c h a p t e r descr ibes t h e SOS e d i t o r . T h e 
s e c o n d p a r t desc r ibes t h e SOS subf i l e sys t em w i t h t h e a s s u m p t i o n t h a t t h e r e a d e r 
h a s r e a d t h e C .mmp File Sys t em d o c u m e n t a t i o n . 

9 . 1 . C . m m p S O S E d i t o r 

A s u b s e t of SOS is n o w ava i l ab le on C.mmp. The SOS m a n u a l for t h e PDP 1 0 
v e r s i o n of SOS can be used as a m a n u a l for t h i s ve r s ion also. T h i s d o c u m e n t l i s t s 
t h e d i f f e r e n c e s b e t w e e n t h e t w o sys t ems . Some of t h e d i f f e rences w i l l be r e m o v e d 
i n t h e n e a r f u t u r e , and o t h e r s m a y r e m a i n for some t i m e . If y o u e n c o u n t e r a n y 
d i f f e r e n c e s n o t r epor t ed h e r e , please repor t t h e m b y s end ing m a i l to [ A l 1 0 L C 0 0 ] . 

9 . 1 . 1 DIFFERENCES 

D i f f e r e n c e s a re l i s ted in t h e order t h a t t h e y w i l l be r e m o v e d : 

1) No t r a n s l i t e r a t i o n on i n p u t and o u t p u t . 

2 ) L i n e n u m b e r s a re o n l y 15 b i t s (i .e. , m a x l ine = 3 2 7 6 7 , or 3 2 7 l i n e s w i t h 
I N C = 1 0 0 ) . 

3 ) Copy , T r a n s f e r , Find, and S u b s t i t u t e are not ye t i m p l e m e n t e d . 

4 ) A s s o c i a t i v e l i n e n u m b e r s a re not ye t i m p l e m e n t e d . 

5 ) L i n e m o d e j u s t i f i c a t i o n is no t ye t i m p l e m e n t e d (and m a y no t be fo r s o m e 
t i m e . ) (Al ter mode j u s t i f y is imp lemen ted . ) 

» 

6 ) F i l e n a m e r e f e r e n c e s no t i m p l e m e n t e d : 

=FILE 
«-FILE=filename 
Cnnn*-f i lename 
W f i l e n a m e 
E f i l e n a m e 

II 
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9 . 2 . U t i l i t y C o m m a n d O b j e c t s a n d P r o c e d u r e s 

A n u m b e r of c o m m a n d objects h a v e been suppl ied t h a t w i l l a id i n t h e u s e o f 
SOS f i l e s . If y o u h a v e a n y sugges t i ons for addi t iona l c o m m a n d o b j e c t u t i l i t i e s , 
p l e a s e send y o u r s u g g e s t i o n s to [Al 10LC00] . 

I n t h e C o m m a n d s objec t ca l l s b e l o w , it is a s sumed t h a t t h e C o m m a n d 
L a n g u a g e m a c r o 

PUB=&SYSDIRECTORY.PUBLIC 

h a s b e e n d e f i n e d . (For m o r e i n f o r m a t i o n about t h e C o m m a n d L a n g u a g e , s e e 
C h a p t e r 2 0 . 

9 . 2 . 1 PUB.SOS.EDIT(&f i l e ) 

e n t e r t h e SOS ed i to r w i t h a r b i t r a r y f i le &file. If &fi le is n o t a n SOS f i l e , i t i s 
c o n v e r t e d to an SOS f i le before e n t e r i n g t h e edi tor , t h e n c o n v e r t e d ^ a c k a f t e r 
l e a v i n g t h e ed i t o r . 

9 . 2 . 2 PUB.SOS.READ(&fi le ) 

e n t e r SOS ed i to r i n r e a d - o n l y mode w i t h file &fi le . 

9 . 2 . 3 PUB.SOS.EDITO 

• w i l l p r o m p t for f i le n a m e (File=). Your response can be e x a c t l y as fo r SOS o n 
t h e PDP 10 . T h a t is , f i l e n a m e / N f i l e n a m e / R f i l ename /N/R or f i l e n a m e s w h e r e $ i s 
a n a l t m o d e . For t h e las t case, a n e w f i le is created and t h e f i l e n a m e s u p p l i e d i s 
u s e d o n l y as t h e f i l e p r i n t n a m e ; t h e c rea ted fi le is r e t u r n e d a f t e r e x i t i n g f r o m t h e 
e d i t o r . For t h i s case , t h e cal l s h o u l d be: &file = PUB.SOS.EDITO i n o r d e r t o r e t a i n 
t h e c a p a b i l i t y for t h e n e w f i le . Note t h a t f i l ename in t h e o t h e r cases i s a c t u a l l y 
t h e c a t a l o g u e e n t r y n a m e in t h e use r ' s ca ta logue . 

9 . 2 . 4 PUB.SOS.STATUSO 

p r i n t s s o m e s t a t u s i n f o r m a t i o n a b o u t t h e SOS mon i to r . If i t i n d i c a t e s t h a t t h e 
m o n i t o r h a s s topped , p lease ge t in t o u c h w i t h George Rober tson . T h e n o r m a l s t a t e 
i s P o r t W a i t u n l e s s someone is a c t u a l l y doing t r a n s p u t , in w h i c h case t h e s t a t e 
w i l l be R u n n i n g . 
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9 . 2 . 5 Se t t l e = PUB.SOS.FTPSOSO 

w i l l t r a n s f e r a f i l e f r o m CMU-10A across t h e ARPA-net ( a s s u m i n g t h e NCP i s 
r u n n i n g ) . It p r o m p t s for a f i le name , w h i c h m u s t be f u l l y s p e c i f i e d . E.g.. 
t e m p : f i l e . e x t [ a l lOlcOO] Note : l i ne n u m b e r s a re no t t r a n s f e r e d , so y o u m u s t m a k e 
s u r e t h a t t h e y h a v e been s t r ipped f rom y o u r PDP 10 f i l e . 

9 . 2 . 6 Scfi le = PUB.SOS.DTASOSO 

w i l l t r a n s f e r a f i l e f r o m dectape (DTI 1 f o r m a t ) . It w i l l p r o m p t fo r p r o c e s s o r 
n u m b e r , u n i t n u m b e r , and f i le name . T h e f i le n a m e m u s t be s i x c h a r a c t e r s 
( p a d d e d w i t h spaces if nece s sa ry ) fol lowed b y dot (.) f o l l o w e d b y t h r e e c h a r a c t e r s . 
T h e f i l e s h o u l d h a v e been placed on t h e dectape w i t h DTI 1 u s i n g t h e / A s w i t c h 
( a s c i i ) . T h e f i l e s h o u l d n o t h a v e PDP10 l ine n u m b e r s i n i t . 

9 . 2 . 7 & f i l e = PUB.SOS.UTOSOS(&un iv ) 

w i l l p r o d u c e a n SOS f i le f rom a u n i v e r s a l object ( & u n i v ) of pages . 

9 . 2 . 8 & u n i v = PUB.SOS.SOSTOU(&f i l e ) 

w i l l p r o d u c e a u n i v e r s a l object of pages f rom an SOS f i le . 

9 . 2 . 9 PUB.SOS.SOSDTA(&fi le ) 

w i l l p u t a n SOS f i le o n t o a DTI 1 dectape. 

9 . 2 . 1 0 PUB.SOS.SOSFTP(&f i l e ) 

. (Not Yet I m p l e m e n t e d ) w i l l t r ans fe r an SOS f i le to CMU-10A. 

9 . 3 . C . m m p S O S S u b f i l e S y s t e m 

T h e SOS s u b f i l e s y s t e m provides suppor t for c r e a t i n g , c o p y i n g , q u e r y i n g , 
e d i t i n g , r e a d i n g , a n d w r i t i n g l ine n u m b e r e d t e x t f i les . T h e l i n e n u m b e r s a r e 
" s t i c k y " , and r e m a i n w i t h t h e f i le u n t i l t h e y are a l t e red b y e d i t i n g t h e f i l e . T h e 
m o s t c o m m o n f i l e read and f i le w r i t e opera t ions a re i m p l e m e n t e d so t h a t t h e u s e r 
n e e d n o t be a w a r e of t h e l i n e n u m b e r s ; m a k i n g i t poss ible for h o m o g e n e o u s I /O 
b e t w e e n f i l e s w i t h d i f f e r e n t subf i le r e p r e s e n t a t i o n s . Each of t h e a l l o w a b l e 
o p e r a t i o n s w i H be i l l u s t r a t e d b e l o w u s i n g c o m m a n d i n t e r p r e t e r e x p r e s s i o n s 
w h e r e pos s ib l e . 

For m o r e d e t a i l s , see one of t h e f o l l o w i n g BLISS r e q u i r e f i les : 
9 .2 .5 
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FILES.REQ[N810HL00] - for opera t ion codes, r e p l y t ypes , q u e r y codes , a n d 
m e s s a g e f o r m a t s , 

FILEUS.REQ[N810GA10] - for typeca l l ind ices , f i le s y s t e m s igna l s , a n d f i l e 
s y s t e m a u x i l i a r y r i g h t s , 

SOS.REQ[Al 10LC00] - for SOS s ignals and e r ro r codes . 

9 . 3 . 1 F i l e C r e a t i o n 

T h e r e a r e t w o w a y s to c rea t e a n e w SOS f i le . T h e f i r s t is t h e f i l e s y s t e m 
c r e a t e t y p e c a l l : 

0>capa &fi le 
0 > & f i l e = typecalKpub.sos .sosf i le , 2 , pub.sos .sosf i le) 
% w h e r e p u b = &sysd i rec to ry .pub l i c% 

T h e second is t h r o u g h t h e SOS edi tor : 
0>capa &f i le 
0 > & f i l e = pub . sos .ed i tO 
F i l e = n e w f i l e $ 
* 

<ser ies of SOS c o m m a n d s ) 
*e 

w h e r e $ = a l t m o d e . Note t h a t t h e f i le n a m e used ( n e w f i l e ) is u sed o n l y f o r 
t h e p r i n t n a m e of t h e gene ra t ed f i le ( r e t r i evab le t h r o u g h a q u e r y o p e r a t i o n ) - t h e 
f i l e i s r e t u r n e d as a capab i l i ty . 

9 . 3 . 2 F i l e C o p y 

F i l e c o p y w o r k s as descr ibed in t h e f i le sys t em d o c u m e n t a t i o n . 

9 . 3 . 3 F i l e Q u e r y 

I n a d d i t i o n to t h e i n f o r m a t i o n suppl ied by t h e f i le sy s t em, t h e SOS s u b f i l e 
s y s t e m w i l l s u p p l y t h e n u m b e r of Hydra -page objects needed to r e p r e s e n t a f i l e . 

9 . 3 . 4 F i l e E d i t 

T h e f i l e s y s t e m Edit Typecal l w i l l get you i n t o t h e SOS ed i to r ( for a n SOS 
f i l e ) . I t r e q u i r e s a data object w i t h edi tor op t ions encoded . If t h e u s e r u s e s t h e 
s t a n d a r d c o m m a n d objec ts (described be low) h e need no t be c o n c e r n e d w i t h t h e 
f o r m a t of t h i s da ta object . The fo rma t is: 

w o r d 0 , b i t 0 - /N (no l i ne n u m b e r s p r in t ed ) 
w o r d 0 , b i t 1 - /R ( r e a d - o n l y ) 
w o r d 0 , b i t 2 - $ ( n e w f i le - e n t e r in se r t mode at 1 0 0 / 1 ) 
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w o r d 0 , b i t 3 - /KEY ( k e y supp l i ed - pos i t ion f i le and p r i n t l i n e ) 
w o r d s 1 to n - asciz k e y if /KEY op t ion ( l ine and page) 

T h e ca l l on t h e ed i to r for f i le &fi le and data (op t ions ) ob j ec t & d a t a i s : 
0 > t y p e c a l l ( & f i l e f 10 . &data , &f i le , & t t y c o n ) 

• » 

9.3.5 F i l e O p e n 

T h e SOS s u b f i l e s y s t e m c u r r e n t l y suppo r t s IdxOpenRead, I d x O p e n W r i t e , 
I d x O p e n S p o o l , a n d I d x O p e n N e w . Update and Append modes a r e n o t c u r r e n t l y 
i m p l e m e n t e d . 

9.3.6 F i l e Close 

W o r k s as descr ibed in t h e f i le sys tem d o c u m e n t a t i o n . 

9.3.7 O p e r a t i o n s o n an o p e n SOS Fi le 

O n l y m e s s a g e fo rma t 1 (p re -a l loca ted k e y and record pos i t i ons ) is s u p p o r t e d . 
T h e f o l l o w i n g ope ra t i ons a r e s u p p o r t e d : 

Fi leRead s e q u e n t i a l read . W i l l fi l l y o u r supp l i ed t e x t b u f f e r w i t h a s 
m a n y l ines as w i l l f i t . It w i l l not sp l i t a l i n e ac ross r e q u e s t s , 
so if t h e n e x t ava i l ab le l ine w i l l no t f i t i n t h e t e x t b u f f e r , 
y o u w i l l ge t an e r r o r r ep ly . An SOS-page m a r k w i l l b e 
t r a n s l a t e d i n t o a f o rm - feed cha rac t e r . End of f i l e i s i n d i c a t e d 
by a specia l r e p l y t ype , and t h e t e x t b u f f e r w i l l be e m p t y f o r 
t h a t message . 

F i l e W r i t e s e q u e n t i a l w r i t e . W i l l t a k e y o u r supp l i ed t e x t b u f f e r ( w i t h 
a r b i t r a r y n u m b e r of l ines and poss ib ly a p a r t i a l l i n e a t t h e 
end) and p r o d u c e sos l ines w i t h g e n e r a t e d l i n e n u m b e r s 
( i n c r e m e n t 100 ) . Nu l l c h a r a c t e r s a r e i g n o r e d . Ba re l i n e 
feeds a r e t r a n s l a t e d i n t o c a r r i a g e - r e t u r n - l i n e - f e e d s . F o r m ­
feed w i l l p r o d u c e an SOS-page m a r k . A p a r t i a l l i n e a t t h e e n d 
of a t e x t b u f f e r is he ld onto u n t i l t h e n e x t w r i t e r e q u e s t o r 
u n t i l a f l u s h or close opera t ion . 

F i l e R e w i n d pos i t ion to s t a r t of f i le . 

F i leToEnd pos i t ion past end of f i le . Not ye t i m p l e m e n t e d . 

F i l e F l u s h u p d a t e da ta s t r u c t u r e s on seconda ry s to re . W i l l c a u s e p a r t i a l 
l ine d u r i n g f i l e w r i t e ser ies to be m o v e d i n t o t h e f i l e a s a 
comple t e l i n e . 
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9 . 4 . R a n d o m C o m m e n t s 

T h e r e a re a f e w o t h e r f e a t u r e s t h a t are c u r r e n t l y no t s u p p o r t e d b u t s h o u l d 
c o m e a l o n g s h o r t l y . 

T h e r e is n o easy w a y to do t h e e q u i v a l e n t of tC f o l l o w e d b y CONTINUE o r 
REENTER d u r i n g an e d i t i n g sess ion. At some point in t h e f u t u r e , tC a n d tK w i l l b e 
t r a p p e d in o rde r to p r o v i d e t h i s f u n c t i o n . 

If t h e s y s t e m c r a s h e s d u r i n g an edi t , t h e r e is n o w a y to r e t r i e v e t h e 
t e m p o r a r y f i le t h a t w a s b e i n g used . Please send c o m m e n t s and s u g g e s t i o n s t o 
[ A l 1 0 L C 0 0 ] . 

9 .3 .7 

F i l eReadGiv ingKey sequen t i a l read r e t u r n i n g k e y . No t y e t 
i m p l e m e n t e d . W i l l read e x a c t l y one l i n e i n t o y o u r t e x t 
b u f f e r and r e t u r n t h e l ine n u m b e r and page n u m b e r i n a n 
asciz k e y . 

F i l e W r i t e G i v i n g K e y sequen t i a l w r i t e r e t u r n i n g k e y . Not y e t 
i m p l e m e n t e d . W i l l w r i t e e x a c t l y one l i n e i n t o t h e f i l e a n d 
r e t u r n t h e asciz k e y genera ted by t h e w r i t e . 

F i l eSeek pos i t ion f i le to specified asciz k e y . Not y e t i m p l e m e n t e d . 
W i l l pos i t ion to l ine and page n u m b e r if t h e y e x i s t , 
o t h e r w i s e , one past w h e r e t h e y w o u l d be. 

Fi leSeekRead seek fo l lowed ty read. Not y e t i m p l e m e n t e d . 

F i l e S e e k W r i t e s eek fo l lowed by w r i t e . Not ye t i m p l e m e n t e d . 

F i l e l n p u t C l e a r re lease a n y he ld messages. 



10. TECO 
TECO 1 0 - 1 

A v e r s i o n of TECO, a subse t of t h e P D P - 1 0 p r o g r a m , e x i s t s to r u n u n d e r 
H y d r a . I t c a n e d i t a v i r t u a l l y u n l i m i t e d a m o u n t of co re (over 1 0 0 pages ) . I t e d i t s 
a u n i v e r s a l o b j e c t w i t h pages in i t . 

T h e r e a r e c o m m a n d s objec ts in fcSYSDIRECTORY.UTILITIES w h i c h c a n 
i n t e r a c t i v e l y i n v o k e TECO. 

TE() 
f o r pages or 
EDITCMDO 
f o r c o m m a n d s objec ts . 

T o c r e a t e a n e w u n i v e r s a l and p u t t e x t i n to i t , u s e t h e f o l l o w i n g s e q u e n c e of 
c o m m a n d s : 

CAPA &name 
$MAKEUNIVERSAL(&name) 
&SYSDIRECT0RYPR0CEDURES.TEC0(&ttypor» f&name) 

Y o u m a y n o w ed i t h a p p i l y a w a y . 

1 0 . 1 . H y d r a - t e c o c o m m a n d s 

T h e c o m m a n d l a n g u a g e of t h i s teco is v e r y s i m i l a r to t h a t of Teco o n t h e 
P D P - 1 0 h o w e v e r o n l y a subse t of t h e f e^ tu res ex i s t . In t h i s l i g h t o n l y a q u i c k 
d e s c r i p t i o n w i l l be g i v e n of t h e c o m m a n d s w h i c h are i d e n t i c a l . 

F u r t h e r i n f o r m a t i o n m a y be f o u n d by c o n s u l t i n g : 

1 ) P D P - 1 0 USERS HANDBOOK 
2 ) CMU I n t r o d u c t i o n to t h e P D P - 1 0 
3 ) C M U P D P - 1 0 Teco q u i c k r e f e r ence g u i d e 

T h e s e c o m m a n d s are iden t i ca l on t h e C.mmp and t h e P D P - 1 0 : 

B 0 , b u f f e r o r ig in . 

Z c h a r a c t e r c o u n t of t h e buf fe r , b u f f e r end . 

H B,Z 

nC s k i p n c h a r a c t e r s . 

nD dele te n c h a r a c t e r s . 

E e x i t . 

t 
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In a d d i t i o n t h e S and FS c o m m a n d s w i l l t a k e a n e g a t i v e a r g u m e n t c a u s i n g 
t h e m to s e a r c h b a c k w a r d s . A b a c k w a r d s S (-S) w i l l l eave t h e b u f f e r p o i n t e r a t t h e 
b e g i n n i n g of t h e s t r i n g i t f i nds . If a search fa i ls t h e bu f f e r p o i n t e r is lef t w h e r e i t 
w a s , as i n SOS. 

10.1 

n F S a $ b $ f ind "a" and s u b s t i t u t e M b M (n f inds , 1 s u b s t i t u t e ) . 

I a$ i n s e r t t e x t "a" in to t h e bu f fe r . 

n l $ i n s e r t asci i n i n t o t h e bu f fe r . 

n J j u m p to t h e n ' t h c h a r a c t e r in t h e b u f f e r . 

n K k i l l n l i nes . 

m , n K k i l l c h a r a c t e r s b e t w e e n b u f f e r pos i t ion m a n d n . 

nL s k i p n l ines . 

nR s k i p n c h a r a c t e r s b a c k w a r d s . 

n S a $ s e a r c h for t h e n ' t h o c c u r e n c e of M a M . 

n T t y p e n l ines . 

m , n T t y p e c h a r a c t e r s b e t w e e n bu f f e r pos i t ion m and n . 

; l e ave i t e r a t i on if p reced ing S or FS fa i ls . 

n<> do c o m m a n d s enclosed in <> n t i m e s ( fo reve r if n o n ) . 

n== t y p e t h e v a l u e of n in octal . 

n= t y p e t h e v a l u e of n in dec imal . 

n + m t h e v a l u e of n + m. 

n - m t h e v a l u e of n - m. 

tR q u o t e t h e f o l l o w i n g cha rac t e r , in t h i s w a y <ESC> a n d tC c a n 
i n se r t ed and searched for. 

# l i k e t h e p d p - 1 0 TECO tO m e a n i n g t a k e t h e f o l l o w i n g 
n u m b e r as octa l . 
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1 0 . 2 . Q - r e g i s t e r s 

T e c o h a s q - r e g i s t e r s w h i c h b e h a v e a lmos t i d e n t i c a l l y to t h o s e i n P D P -10 
t e c o . I n t e r n a l l y t h e r e a re a c t u a l l y t w o sizes of q - r e g i s t e r s b u t t h e s e are 
c o m p l e t e l y t r a n s p a r e n t to t h e use r . Th i s w a s done in t h e i n t e r e s t of speed . 

T h e r e a r e 3 6 q - reg ' s : t h e l e t t e r s A-Z and d ig i t s 0 - 9 . 

T h e c o m m a n d s ava i l ab le for q - r e g i s t e r s a re : 

n U m s to re t h e i n t e g e r n i n t o q - r e g m 

Qm equa l to t h e i n t ege r scored in q - r eg m • 

n X m or i J X m s to re t h e n e x t n l ines i n to q - r e g m or s t o r e c h a r a c t e r s 
b e t w e e n bu f f e r pos i t ions i and j i n t o q - r e g m 

Gm , p u t t h e t e x t in q - r e g m i n t o t h e t e x t b u f f e r a t t h e c u r r e n t 
po in t e r pos i t ion . 

M n e x e c u t e t h e t e x t in q - r e g M as a teco c o m m a n d s t r i n g . Fo r 
n o w t h e use r m u s t b:> ca r e fu l no t to e x e c u t e a n T c o m m a n d 
w i t h a s t r i n g longer t h a n 8 1 9 2 c h a r a c t e r s . T h e i n s e r t 
c o m m a n d h a s no t ye t been modif ied to t a k e l o n g e r s t r i n g s . 

*rn as t h e f i rs t c o m m a n d in a command s t r i n g . S to re t h e l a s t 
c o m m a n d s t r i n g in q - r e g m. t h i s is a loss r e c o v e r y t e c h n i q u e . 

1 0 . 3 . e x t e n d e d f e a t u r e s 

T h e r e a r e some c o m m a n d s in C.mmp Teco w h i c h do not e x i s t on t h e P D P - 1 0 , 
t h e s e a r e as f o l l o w s : 

I P t y p e o u t a m a p of y o u r t e x t pages at t h e s c r e e n t o p a f t e r 
e v e r y $ $ 

P t y p e o u t t h e page map and t u r n off page m a p t y p e o u t . 

t W m u s t be used to "fool" t h e c o m m a n d i n t e r p r e t e r i n t o a l l o w i n g 
t h i s p d p - 1 0 c o n s t r u c t : 

FSa$$ 
F S a $ t W $ m u s t be done ins tead . 
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Note t h a t t h i s is o n l y necessary in an i t e r a t i o n . 

T h r e e SOS- l ike c o m m a n d s ex is t : 

<tA> as t h e f i rs t cha rac te r in a c o m m a n d s t r i n g is e q u i v a l e n t t o 
t h e teco command s t r i n g ' - L T or go to t h e p r e v i o u s l i n e a n d 
p r i n t i t . 

<LF> as t h e f i rs t cha rac te r is e q u i v a l e n t to 'LT or g o to t h e n e x t 
l i n e and p r i n t i t . 

<CR> as t h e f i rs t cha rac t e r is e q u i v a l e n t to 'OLT' o r g o t o t h e 
b e g i n n i n g of t h i s l ine and p r i n t i t . 

1 0 . 4 - i m p l e m e n t a t i o n d e t a i l s 

T h e c o m m a n d i n p u t buf fe r is 4 0 0 0 c h a r a c t e r s long . Teco w i l l w a r n y o u 
w h e n y o u a r e less t h a n 150 cha rac te r s f rom t h e end . If y o u do n o t h e e d t h i s 
w a r n i n g b y t y p i n g $ $ ( e x e c u t i n g t h e c o m m a n d ) e x e c u t i o n w i l l b e g i n 
a u t o m a t i c a l l y a f t e r r e a d i n g t h e 3 9 9 9 t h c h a r a c t e r . T h e n a n y c h a r a c t e r s t h a t w e r e 
i g n o r e d as a r e s u l t of g e t t i n g i n p u t l ine at a t i m e w i l l be p r i n t e d . 

On e x i t , t e co w r i t e s t h e by te coun t of t h e b u f f e r size i n t o t h e f i r s t t w o 
w o r d s of t h e d a t a - p a r t of t h e u n i v e r s a l object i t ed i ted , leas t s i g n i f i c a n t w o r d 
f i r s t . No te t h a t t e co does not use these n u m b e r s i tse l f b u t p laces t h e m t h e r e f o r 
t h e b e n e f i t of o t h e r p r o g r a m s . 

If t K t K (or c t l p roces s (&pros , - l ) ) is t y p e d i t w i l l h a v e v a r i o u s e f f e c t s 
d e p e n d i n g u p o n w h a t teco is c u r r e n t l y doing. T h e possible a c t i o n s a r e : 

a ) D u r i n g t y p e o u t : r e t u r n to command mode . 
b ) At t h e b e g i n n i n g of a n y command e x e c u t i o n : r e t u r n to c o m m a n d m o d e . 
c ) A n y w h e r e e l se : n o ac t ion is t a k e n . 

T h e i n n e r s e a r c h loop in teco can search for a c h a r a c t e r i t w i l l n e v e r m a t c h 
a t a p p r o x . .2 s e c o n d s per page. This i nc ludes t i m e spen t s h u f f l i n g pages . 

10 .3 



Obinfo: Object i n f o r m a t i o n 

11 . Obinfo: Object information 
11-1 

OBINFO is a Hydra P rocedure w h i c h p e r m i t s i n t e r a c t i v e i n s p e c t i o n of 
c a p a b i l i t i e s ( r i g h t s , f lags , e tc . ) and objec ts (C-l is t and d a t a - p a r t ) . I t i s poss ib le t o 
t r a v e l d o w n " p a t h s " t h r o u g h C-l is ts and Cata logues , l o o k i n g a t c a p a b i l i t i e s a n d 
o b j e c t s a l o n g t h e w a y . Special o b j e c t - t y p e - d e p e n d e n t f ac i l i t i e s a r e p r o v i d e d , f o r 
i n s t a n c e t h e a b i l i t y to look at t h e c o n t e n t s of PAGE objec t s . 

OBINFO n e v e r modi f ies t h e objec ts i t looks at . 

1 1 . 1 . F e a t u r e s 

OBINFO p r i n t s o u t k e r n e l r i g h t s b y n a m e ; a u x i l i a r y r i g h t s a r e p r i n t e d b y 
n a m e f o r t h o s e ob jec t types k n o w n to OBINFO and as a b i n a r y b i t m a s k fo r t h e 
o t h e r s . T y p i n g "RIGHTS ALL" w i l l ge t y o u a comple t e l i s t of t h e k e r n e l a n d 
a u x i l i a r y r i g h t s for t h e object be ing looked at . 

OBINFO a l l o w s t h e inspec t ion of an object ' s da ta p a r t ( r i g h t s p e r m i t t i n g ) . 
T y p i n g "DATA" c a u s e s OBINFO to e n t e r a s u b m o d e in w h i c h c o m m a n d s of t h e f o r m 
" i ! j " ( a n d " m m " ) w i l l d i sp lay t h e j w o r d s b e g i n n i n g w i t h w o r d i (or t h e w o r d s n t o 
m ) i n a v a r i e t y of fo rma t s . The fo rma t s can be c h a n g e d . T y p i n g a b l a n k l i n e 
t e r m i n a t e s t h e s u b m o d e . 

OBINFO h a s a s u b m o d e a l l o w i n g inspec t ion of PAGE ob jec t s . E n t e r t h e 
s u b m o d e b y t y p i n g "PAGE", and c o m m a n d s of t h e fo rm " i ! j " a n d "n-.m" a r e a c c e p t e d , 
w h e r e t h e n u m b e r s a r e by t e offsets and c o u n t s . 

OBINFO c a n w a l k p a t h s t h r o u g h t h e C-l is ts of ob jec t s , i n c l u d i n g C a t a l o g u e s . 
T y p i n g "DOWN 3 " w i l l let y o u look at t h e object w h o s e c a p a b i l i t y is i n C- l i s t s l o t 
3 of t h e c u r r e n t ob jec t . If t h e c u r r e n t object is a Ca ta logue , t y p i n g "DOWN FOO" 
w i l l l e t y o u i n s p e c t t h e object s tored as e n t r y "F00" in t h e d i r e c t o r y . T h i s d e s c e n t 
m a y b e c o n t i n u e d i n d e f i n a t e l y . To ascend back u p t h e p a t h , t y p e "UP". To f i n d 
o u t w h e r e y o u a r e , t y p e "STACK". 

OBINFO r e t u r n s t h e capab i l i t y i t is c u r r e n t l y l o o k i n g at w h e n i t is e x i t e d . 

To g e t a c o m p l e t e l is t of c o m m a n d s , t y p e "HELP" to OBINFO. E x p e r i m e n t ! 

1 1 . 2 . A c c e s s i n g O B I N F O 

A c a p a b i l i t y for t h e OBINFO p r o c e d u r e m a y be f o u n d i n 
&SYSDIRECTORY.PUBLIC.HARBISON. It t a k e s t w o a r g u m e n t s : t h e f i r s t i s a p o r t 
c o n n e c t e d t o a t e r m i n a l w i t h "&TTYPORT conven t ions" , t h e second is a c a p a b i l i t y 
o f a n y t y p e to be inspec ted . 

E x a m p l e s : 

F r o m t h e H y d r a Command I n t e r p r e t e r : 

11 
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CAPA &OB &OB^&SYSDIRECTORY.PUBLIC.HARBISON.OBINFO &OB(&TTYPORT, x ) 
w h e r e x is a c a p a b i l i t y for t h e object to be inspec ted . 

F r o m a u s e r p r o c e d u r e : 

( A s s u m i n g a c a p a b i l i t y for t h e OBINFO p r o c e d u r e is in LNS s lot o, a c a p a b i l i t y 
f o r a t e r m i n a l - por t is in s lot p, and t h e object to be inspec ted in i n s l o t i . ) 
$CALL(0 ,o ,p , i ) 

Of spec ia l i n t e r e s t is u s i n g OBINFO to d e b u g p rocedu re s . In t h i s s i t u a t i o n , a 
c a l l of t h e f o r m 

$CALL(0,o,p ,$LNSQ) 

i s m o s t h e l p f u l . 
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12 

12. PSIGNAL 

PSIGNAL is a set of H y d r a objects t h a t w i l l a t t emp t to g e n e r a t e E n g l i s h t e x t 
v e r s i o n s of oc t a l H y d r a s igna l v a l u e s . It ex i s t s as a Hydra p r o c e d u r e , w h i c h l i v e s 
i n &SYSDIRECTORY.PUBLIC.Everhart as KSigName, and a C o m m a n d s o b j e c t , w h i c h 
l i v e s b o t h i n t h a t PUBLIC d i r ec to ry , and in &SYSDIRECTORY.UTILITIES. T h e 
C o m m a n d s o b j e c t is m e r e l y a c o m m a n d - l a n g u a g e in t e r f ace to t h e p r o c e d u r e o b j e c t . 

T h e H y d r a p r o c e d u r e PUB.Everhar t .KSigName t a k e s as a r g u m e j i t a DATA 
o b j e c t c o n t a i n i n g t w o w o r d s , and r e t u r n s a DATA object c o n t a i n i n g ASCII da ta ; t h e 
v a l u e i t r e t u r n s is t h e n u m b e r of by tes s tored in t h e DATA objec t . T h e f i r s t w o r d 
passed t o t h e KSigName p r o c e d u r e is t h e s ignal w h o s e i n t e r p r e t a t i o n i s d e s i r e d ; 
t h i s m u s t be a n e g a t i v e n u m b e r for t h e p rocedure to f u n c t i o n p r o p e r l y . T h e 
s e c o n d w o r d i s t h e Kerne l ' s v a l u e for SSIGDATA, and is o p t i o n a l ; a b s e n c e i s 
i n d i c a t e d b y a ze ro v a l u e . 

As s t a t e d , t h e C o m m a n d s object se rves as an in te r face b e t w e e n t h e CL a n d t h e 
K S i g N a m e p r o c e d u r e . It m a y be i n v o k e d w i t h b e t w e e n zero and t w o p a r a m e t e r s : 
if n o p a r a m e t e r s a r e passed, i t w i l l p rompt w i t h "Signal v a l u e : M a n d dp a n 
INTERPRETO. If o n e p a r a m e t e r is passed, it is used as t h e s i g n a l v a l u e t o be passed 
as t h e p a r a m e t e r to KSigName, and t h e second pa rame te r (SSIGDATA) i s d e f a u l t e d 
t o z e r o . If t w o p a r a m e t e r s a re used, t h e f i rs t is used as t h e s i g n a l v a l u e , a n d t h e 
s e c o n d as t h e SSIGDATA p a r a m e t e r . In all cases, t h e C o m m a n d s o b j e c t PSIGNAL 
w i l l OR i n # 1 0 0 0 0 0 w i t h t h e s ignal va lue . No te - tha t t h e KSigName p r o c e d u r e 
i t s e l f d o e s n o t do t h i s . 

T h e r e c o m m e n d e d m e t h o d for u s i n g t h e PSIGNAL s y s t e m is t o g e n e r a t e a 
m a c r o , p r o b a b l y ca l led PSIG, w h i c h is 

m a c r o PSIG = &SYSDIRECTORY.UTILITIES.PSIGNAL $; 

I n t h i s f a s h i o n , PSIG is a capabi l i ty , PSIG() w i l l p r o m p t for a s i g n a l v a l u e , 
P S I G ( # 1 2 3 4 ) w i l l d e c i p h e r # 1 0 1 2 3 4 as a Hydra s i g n a l v a l u e , a n d 
PSIG(# 1 2 3 4 , # 2 3 4 5 ) w i l l do p r e t t y m u c h 1he same t h i n g (at t h i s p o i n t ) . t 

K S i g N a m e i s p e r i o d i c a l l y upda ted to p rov ide t h e l as tes t i n t e r p r e t a t i o n s of 
H y d r a K e r n e l a n d u s e r l i b r a r y s igna l va lues . 
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1 7 . 1 . A v a i l a b l e C o m m a n d s 

T h e C a t a l o g u e &SysDirectory.PublJc.NCP c o n t a i n s a n u m b e r of u s e f u l 
C o m m a n d s o b j e c t s w h i c h pe r fo rm v a r i o u s fi le t r a n s f e r f u n c t i o n s b e t w e e n C . m m p 
a n d o t h e r ARPANET h o s t s . T h e y al l p rompt t h e t e r m i n a l fo r t h e n e c e s s a r y 
i n f o r m a t i o n ; n o n e t a k e p a r a m e t e r s . 

&SysDi rec to ry .Pub l i c .NCP .Ne tCmd Retre ives an ASCII f i l e f r o m a r e m o t e h o s t 
and s tores i t i n a C o m m a n d s ob jec t . 

& S y s D i r e c t o r y . P u b l i c . N C P . N e t P u t C m d Sends t h e c o n t e n t s of a C o m m a n d s o b j e c t t o 
an ASCII f i le a t a r e m o t e h o s t . 

&SysDirec to ry .Publ ic .NCP.NetSOSFi le Retre ives an ASCII f i le f r o m a r e m o t e h o s t 
and s tores it i n a SOS S u p e r F i l e . 

& S y s D i r e c t o r y . P u b l i c . N C P . N e t P u t F i l e Sends an ASCII Supe rF i l e t o a r e m o t e h o s t . 

& S y s D i r e c t o r y . P u b l i c N C P . N e t P r o c Creates a PROCEDURE objec t f r o m a ".PAG 
format" f i le at a r e m o t e h o s t . 

&SysDi r ec to ry .Pub l i c .NCP .Ne t S t o r e Sends a "UNIVERSAL of PAGEs" t o a r e m o t e 
host . 

N o t e t h a t n o f a c i l i t y is c u r r e n t l y provided at a l l o w a "LOGIN" a t t h e r e m o t e 
h o s t . For CMU P D P - 1 0 s , t h i s means file:; w i l l be accessed b y a j o b r u n n i n g as 
[ N 9 0 0 A R 0 0 ] . W h e n s h i p p i n g data f rom a PDP-10 to C .mmp t h i s i s n o t u s u a l l y a 
p r o b l e m , b e c a u s e t h e d e f a u l t p ro tec t ion for f i les is 5 i n t h e t h i r d digi t . - H o w e v e r , 
w h e n s e n d i n g da t a TO a CMU PDP-10, t h e file s h o u l d be c r ea t ed i n a d v a n c e w i t h a 
p r o t e c t i o n code w h o s e t h i r d d ig i t a l l o w s w r i t i n g b y [ N 9 0 0 A R 0 0 ] . T y p i c a l l y 
< 1 1 1 > i s a p p r o p r i a t e . T h e pro tec t ion <000> is f u n n y , and s h o u l d n o t b e u s e d 
w i t h o u t u n d e r s t a n d i n g a l l t h e impl ica t ions thereof . If t h e da t a b e i n g s e n t i s 
s e n s i t i v e , i t m a y be p r o t e c t e d by p r e - c r e a t i n g an e m p t y f i le w i t h p r o t e c t i o n < 1 1 1 > 
a n d t h e n s p e c i f y i n g a f i l e n a m e to C.mmp w h i c h e n d s w i t h < x x x > w h e r e x x x i s 
t h e p r o t e c t i o n a c t u a l l y des i red . 

1 7 . 2 . P a g e F T P 

T h e p r o c e d u r e a t t h e h e a r t of t h e above Commands ob jec t s i s • 

ScSysDirectory.Public .NCP.PageFTP 

w h i c h i s ca l l ed f r o m t h e Command Language as f o l l o w s : 

w o r d &Code; 
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U n i v R c v d , &Code = PageFTP(UnivToSend, 
$StackDat*(Host , Format , F i l eName) , 
TTYPort, Job ) 

w h e r e : 

U n i v R c v d If a M RETRieve M opera t ion is pe r fo rmed , t h e n t h i s i s t h e r e t u r n e d 
c a p a b i l i t y for a "UNIVERSAL of PAGEs" w h i c h c o n t a i n s a n a r r a y o f 
b y t e s i n success ive pages in i t s C-l is t . T h e d a t a - p a r t c o n t a i n s a 3 2 b i t 
b y t e c o u n t ( l o w order w o r d f i r s t ) for t h e da ta r e c e i v e d . U n i v R c v d i s 
r e t u r n e d n u l l if a "STORe" or M MLFL H ope ra t ion is p e r f o r m e d . 

&Code is t h e i n t e g e r va lue of t h e p r o c e d u r e cal l . If t h e t r a n s f e r s u c c e e d s , i t 
is d e c i m a l 2 0 0 . If t h e t r a n s f e r fa i ls , t h i s code i s a ( p o s s i b l y 
a m b i g u o u s ) descr ip t ion of t h e cause of t h e f a i l u r e . T h e C o m m a n d s 
ob jec t cal l &SysDirec tory .Publ ic .NCP.TypeFTPError(&Code) m a y be 
u s e d to ge t a semi-intelligibl<> i n t e r p r e t a t i o n of t h e code . 

U n i v T o S e n d T h i s op t iona l pa ramete r s h o u l d be p re sen t o n l y if o n e d e s i r e s to s e n d 
d a t a to a n o t h e r hos t . It m u s t be omi t t ed o t h e r w i s e . U n i v T o S e n d i s 
a s s u m e d to be a UNIVERSAL of PAGEs, s im i l a r i n f o r m a t to U n i v R c v d . 
If t h e b y t e c o u n t is miss ing , a s e m i - r e a s o n a b l e a s s u m p t i o n w i l l be 
m a k e on t h e basis of $CLeng th (UnivToSend) . 

H o s t i s t h e ARPANET hos t n u m b e r f rom (or to) w h i c h da t a s h o u l d be 
t r a n s f e r r e d . The C o m m a n d s o b j e c t 
&SysDirectory .Publ ic .NCP.GetHost m a y be used to o b t a i n t h i s v a l u e 
f r o m t h e t e r m i n a l . Typical v a l u e s a re 7 8 for CMUA, 14 fo r CMUB, 
a n d 1 4 2 for CMUD. 

F o r m a t i n d i c a t e s t h e fo rmat of t h e data to be t r a n s f e r r e d . T h i s is c o m p o s e d 
of s e v e r a l b i t - f lags: 

F o r m a t < 0 , l > i s off for ASCII and on for IMAGE m o d e . IMAGE m o d e i s 
a c t u a l l y a special mode for r e t r e i v i n g .PAG, .OBJ, o r 
s imi la r f i les w h i c h a re s tored on a P D P - 1 0 as t w o PDP-
11 w o r d s per PDP-10 w o r d , r i g h t j u s t i f i e d i n e a c h 
h a l f w o r d . The t r a n s f e r is done i n 3 6 - b i t i m a g e m o d e , 
w i t h PageFTP r e m o v i n g (or a d d i n g ) t h e f o u r p a d d i n g 
bi ts in each PDP-10 w o r d . 

F o r m a t < l , l > i f on, ind ica tes t h a t "MLFL" s h o u l d be used i n s t e a d of 
"STOR" for t h e t r ans f e r . Th i s mode is r e s e r v e d for u s e b y 
i m p l e m e n t o r s of mai l sy s t ems and m a y c h a n g e w i t h o u t 
not ice . Anyone w h o a t t e m p t s to u s e t h i s ( w i t h o u t 
con tac t ing Rick G u m p e r t z f i r s t ) w i l l be c o n s i d e r e d a 
w i l l i n g v i c t i m of w h a t e v e r n a s t y b e h a v i o r h a p p e n s . 

F o r m a t < 2 , l > i f on, suppresses t y p e o u t on TTYPort . 
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F i l e N a m e is t h e n a m e of f i le a t t h e r e m o t e hos t . F i leName s h o u l d c o n t a i n n o 
NUL (zero) c h a r a c t e r s as t h e y w i l l be i n t e r p r e t e d as t h e e n d of t h e 
F i l eName. For CMU PDP-10s i t m a y be a n y ASCII s t r i n g a c c e p t a b l e t o 
PIP, s u c h as M ALL:FOO.BAR[C410XX00]<123> M . If no PPN i s g i v e n 
for a CMU P D P - 1 0 , t h e n [ N 9 0 0 A R 0 0 ] w i l l be a s sumed b y t h a t h o s t . 

T T Y P o r t m u s t be a po r t w h i c h , l i k e &TTYPort i n t h e Command L a n g u a g e , h a s 
c h a n n e l 1 c o n n e c t e d for t e r m i n a l o u t p u t and c h a n n e l 0 c o n n e c t e d f o r 
t e r m i n a l i n p u t . T h i s por t w i l l be used to i n d i c a t e t h e p r o g r e s s of t h e 
f i l e t r a n s f e r a long w i t h a n y e r r o r messages r ece ived f r o m t h e o t h e r 
hos t . If F o r m a t < 2 , l > is on, h o w e v e r , t h e n t h e o n l y r e f e r e n c e s m a d e 
to TTYPort w i l l be those made by Six 12 . 

J o b is a J o b objec t f r o m w h i c h a r.ubjob m a y be c rea ted . T h i s s u b j o b w i l l 
be used to r e g i s t e r those r e sou rce s ( s u c h as t h e ARPANET 
c o n n e c t i o n s ) w h i c h m u s t be re leased if t h e u s e r logs o u t b e f o r e 
PageFTP comple t e s . &JobProcess in t h e Command L a n g u a g e i s s u c h a 

Refer a n y c o m m e n t s or q u e s t i o n s to Gumpertz@CMUA 
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Part III: Subsystems 

18. Conventions for Typecall specifications 
T h e t y p e c a l l s i n t h i s m a n u a l a re specif ied u s i n g t h e s a m e f o r m a t t h a t i s u s e d 

f o r k e r n e l ca l l s i n t h e Hydra Kerne l Reference M a n u a l . T h e t y p e c a l l s p e c i f i c a t i o n s 
c o n s i s t of s e v e r a l p a r t s : 

> T h e t y p e c a l l n a m e and fo rmal pa rame te r l is t . These a re desc r ibed i n t e r m s of 
B l i s s m a c r o s . In some cases t h e typeca l l s h a v e been p r e d e f i n e d i n t h e 
C o m m a n d L a n g u a g e (see sect ion 5 .6 .2 ) . W h e n a p r ede f ined t y p e c a l l w h i c h 
r e t u r n s a c a p a b i l i t y is called f rom t h e Command L a n g u a g e , t h e f o r m a l 
p a r a m e t e r fo r t h e r e t u r n e d capab i l i t y is no t used . Ins tead , t h e r e t u r n e d 
c a p a b i l i t y i s t h e t h e v a l u e of t h e cal l . So a ca l l of $ J o b n a m e , for i n s t a n c e , 
w o u l d l o o k l i k e 

&DIndex = $Jobname (Job) 

i n s t e a d of 

IJobname (&DIndex, Job) 

> T h e ' p a r a m e t e r s ' sec t ion . Each pa rame te r is l i s ted , a long w i t h t h e f o l l o w i n g 
i n f o r m a t i o n : 

> A ' p a t h i n d e x ' or ' s imple i ndex ' spec i f i ca t ion . A p a t h i n d e x c a n b e a 
c a p a b i l i t y p a t h or a Catalogue w a l k , and a ' s imple i n d e x ' m u s t be a n LNS 
C- l i s t s lo t , if t h e cal l is made f rom a p r o c e d u r e . 

> An ( o p t i o n a l ) i nd i ca t i on of w h a t t ype of object t h e c a p a b i l i t y s h o u l d b e 
r e f e r e n c i n g . 

> T h e m i n i m u m r i g h t s t h e capab i l i ty shou ld possess. 

T h e n a m e s 'SPath ' and 'SIndex' a re some t imes used to i n d i c a t e ' s o u r c e ' 
. c a p a b i l i t i e s ; l i k e w i s e , 'DPath' and 'DIndex' a re used to spec i fy d e s t i n a t i o n 

c a p a b i l i t i e s . 

> T h e 'Effec t ' s ec t ion descr ibes t h e effect of t h e t ypeca l l if n o s igna l o c c u r s . 

> T h e 'S igna l s ' sec t ion descr ibes special ized s igna l i n f o r m a t i o n fo r t h e 
p a r t i c u l a r t y p e c a l l . All chap t e r s con ta in a l is t of s igna l s for t h e ob jec t t y p e 
d e s c r i b e d . 

Ill 



2 C o n v e n t i o n s for Typecal l spec i f ica t ions 

' R e s u l t ' i s t h e v a l u e r e t u r n e d b y t h e typecal l a s s u m i n g n o s i g n a l o c c u r r e d . I n 
t h e case of a Command L a n g u a g e cal l , t h i s v a l u e is r e t u r n e d In t h e p r e d e f i n e d 
v a r i a b l e &Retva l (see s ec t i ons 2 0 . 5 and 5 .6 .2) . 
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19. 

T h e Hydra Cata logue Subsys t em 

The Hydra Catalogue Subsystem 
19-1 

1 9 . 1 . I n t r o d u c t i o n 

T h e Ca ta logue s y s t e m I m p l e m e n t s t h e abs t rac t ion of s y m b o l i c a c c e s s t o 
c a p a b i l i t i e s . H i s to r i ca l ly , i t is a r e p l a c e m e n t for Bill C o r w i n ' s D i r e c t o r y s y s t e m ; 
m a n y of t h e Ca ta logue s y s t e m ' s f e a t u r e s a re m e r e l y b o r r o w e d f r o m s u c c e s s f u l 
D i r e c t o r y s y s t e m f e a t u r e s , w h i l e o t h e r s d i r e c t l y address i t s m o r e a n n o y i n g 
f a i l i n g s . T h e bas ic idea is t o i m p l e m e n t a g r a p h - s t r u c t u r e d set of n o d e s . E a c h 
n o d e , ca l led a c a t a logue , is a co l l ec t ion of Ent r ies , each m a p p i n g a s y m b o l i c n a m e 
t o a c a p a b i l i t y . T h e g r a p h - s t r u c t u r e ar ises w h e n e v e r t h e s e e n t r i e s a d d r e s s o t h e r 
c a t a l o g u e s . Ca ta logue sys t em ope ra t ions , i m p l e m e n t e d as Hydra p r o c e d u r e s , s e r v e 
t o m a n i p u l a t e t h e s e ca t a logues and e n t r i e s . Cr i t ic i sm of t h e s y s t e m s h o u l d b e s e n t 
t o ALMES6CMUA. Severa l s y m b o l s pecu l i a r to t h e Cata logue s y s t e m can be f o u n d 
o n CATALOGUE.REQ[N81OGA10] on CMUA. 

19.1.1 Bas i c C o n c e p t s 

19.1.1.1 S t r u c t u r e of a Ca ta logue • 

A catalogue appears to t h e u se r as a set of en t r i e s . Each e n t r y h a s f o u r f i e l d s : 

1. T h e Name> one to t e n a l p h a n u m e r i c c h a r a c t e r s . W i t h i n t h e c o n t e x t . o f a 
p a r t i c u l a r ca t a logue , t h e n a m e u n i q u e l y specif ies an e n t r y . 

2 . T h e V a l u e , e i t h e r an object capab i l i ty or t empla te . T h e p r i n c i p a l f u n c t i o n o f 
t h e s y s t e m is t h e m a p p i n g of n a m e to e n t r y to v a l u e , 

3 . T h e P r o t e c t boolean w h i c h , if t r u e , i n s u r e s t h a t t h e e n t r y w i l l no t be d e l e t e d 
f r o m t h e c a t a l o g u e . It m a y be t h o u g h t of as r e p r e s e n t i n g $DELETERTS f o r t h e 
v a l u e , e x c e p t t h a t i t m a y be set Ixuc or false. It t h u s p r b v i d e s a f u n c t i o n 
s i m i l a r to l eve l M 2 M p r o t e c t i o n on TOPS-10. 

4 . T h e E n v i r o n m e n t boolean . For Hydra t e chn i ca l reasons , a n y v a l u e c a p a b i l i t y 
m u s t h a v e $ENVRTS. If t h e e n v i r o n m e n t boolean is false , a n y L o o k u p 
t h r o u g h t h e e n t r y w i l l r e s t r i c t SENVRTS in t h e copy of v a l u e r e t u r n e d . 

In o r d e r to speed t h e m a p p i n g f rom n a m e to e n t r y , t h e e n t r i e s a r e o r d e r e d 
a l p h a b e t i c a l l y b y ASCII r e p r e s e n t a t i o n of t h e n a m e . Tha t is al l t h e u s e r - v i s i b l e 
d a t a s t r u c t u r e . A l t h o u g h i t bo rde r s on be ing an i m p l e m e n t a t i o n de ta i l , w e do h a v e 
a s e m a p h o r e ob jec t per c a t a l o g u e to l ock t h e object d u r i n g m o d i f y i n g o p e r a t i o n s . 
T h e d a t a a r e a r r a n g e d , h o w e v e r , so t h a t t h e s emaphore is n e v e r needed d u r i n g a 
L o o k u p o p e r a t i o n ; c o n s e q u e n t l y a L o o k u p need n e v e r b lock . 
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1 9 . 1 . 2 A u x i l i a r y R i g h t s 

A d e t a i l e d spec i f i ca t ion of t h e mean ings of Ca ta logue A u x i l i a r y R i g h t s i s 
g i v e n l a t e r as t h e o p e r a t i o n s a re specif ied. A s u m m a r y is p r e s e n t e d h e r e , h o w e v e r , 
t o i n t r o d u c e t h e i r n a m e s and an i n fo rma l descr ip t ion of m e a n i n g : 

C a t a L o o k u p R t s # 0 0 1 Controls Lookup and s t eps i n a p a t h 
C a t a E n t e r R t s # 0 0 2 Controls Enter 
C a t a D e l e t e R t s # 0 0 4 Controls Delete and o v e r - w r i t e d u r i n g E n t e r 
C a t a L i s t R t s # 0 1 0 Controls Catalogue List 
C a t a R e n a m e R t s # 0 2 0 Controls Rename 
C a t a P r o t e c t R t s # 0 4 0 Controls Protect 
C a t a C o p y R t s # 1 0 0 Controls Copy 
C a t a D e s t r o y R t s # 2 0 0 Controls Destroy 

1 9 . 1 . 3 N a m e s , P a t h s , a n d T a r g e t s 

As m e n t i o n e d ea r l i e r , t h e ca ta logue sys tem a l l o w s a g r a p h s t r u c t u r e t o b e 
c o n s t r u c t e d a n d , for each node in t h i s g raph( i . e . , c a t a l o g u e ) , d e f i n e s a m a p p i n g 
f r o m n a m e to v a l u e capab i l i t y . These t w o proper t ies n a t u r a l l y c o m b i n e t o p r o d u c e 
t h e n o t i o n of a p a t h n a m e , r a t h e r s imi la r to a H y d r a p a t h i n d e x (cf. H y d r a 
R e f e r e n c e M a n u a l , Sect ion 2 .1 .2 ) . T h u s , t h e p a t h n a m e 
& s y s d i r e c t o r y . p u b l i c . a l m e s . ca ta logue is a four l eve l p a t h s i m i l a r t o t h e 
$ P a t h ( 3 , 4 , 2 , 1 ) . Adap t ing Kerne l t e r m i n o l o g y , w e w i l l s p e a k of 
& s y s d i r e c t o r y . p u b l i c , a lmes . ca ta logue as t h e t a r g e t , of t h e c a t a l o g u e 
& s y d i r e c t o r y . p u b l i c . a l m e s as t h e pre target , and of & s y s d i r e c t o r y a n d 
& s y s d i r e c t o r y . p u b l i c as s teps . 

I n a n o t h e r i m p o r t a n t adap ta t ion of Kernel n o t i o n s , e a c h of t h e m o d i f y i n g 
o p e r a t i o n s of t h e c a t a l o g u e sys t em r e q u i r e $M0DIFYRTS and C a t a L o o k u p R t s (cf. 
u s e of SMODIFYRTS and SGETCAPARTS in t h e Hydra Re fe rence M a n u a l , S e c t i o n 
2 . 1 5 . 1 . 2 ) . F u r t h e r , t h e y r e q u i r e SMODIFYRTS and some o p e r a t i o n - s p e c i f i c 
a u x i l i a r y r i g h t on t h e p r e t a r g e t . F ina l ly , w h e n w e s p e a k of an e n t r y b e i n g e m p t y , 
w e m e a n t h a t n o e n t r y e x i s t s w i t h t h e name in q u e s t i o n , n o t t h a t s o m e e n t r y 
e x i s t s w i t h a N u l l t e m p l a t e for i t s v a l u e . 

1 9 . 1 . 4 D e t a i l s of t h e N a m e P a r a m e t e r 

M o s t of t h e c a t a l o g u e opera t ions t ake , as a p a r a m e t e r , a Data o b j e c t 
c o n t a i n i n g a p a t h n a m e . T h e r e are a f e w deta i ls of s u c h a p a r a m e t e r t h a t a r e 
n e e d e d fo r p r a c t i c a l r easons . Firs t , t h e Data object m u s t be n o m o r e t h a n f i f t y -
f i v e w o r d s l o n g ; no t e t h a t t h i s l i m i t s t h e l e n g t h of a p a t h n a m e to b e t w e e n t e n a n d 
f i f t y - f i v e l e v e l s , d e p e n d i n g on t h e l e n g t h of the v a r i o u s e n t r y n a m e s u s e d . T h e 
Data o b j e c t m u s t c o n t a i n t h e pa th n a m e as a ser ies of e n t r y n a m e s (of o n e t o t e n 
a l p h a n u m e r i c s ) sepa ra ted b y per iods . If t h i s pa th n a m e doesn ' t f i l l t h e Data o b j e c t , 
t h e n a n u l l c h a r a c t e r (zero) shou ld fo l l ow t h e p a t h n a m e ; a n y c h a r a c t e r s 
f o l l o w i n g t h i s n u l l a re i gnored . F ina l ly , w e ins is t t h a t a n y n a m e p a r a m e t e r b e 
p a s s e d w i t h SGETDATARTS. 

19 .1 .2 
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1 9 . 2 . C a t a l o g u e O p e r a t i o n s 

I n t h e f o l l o w i n g spec i f i ca t ions , t h e symbol CataRep w i l l m e a n a n y t e m p l a t e 
o r o b j e c t c a p a b i l i t y of t y p e Cata logue; NamePar w i l l m e a n a n y Data o b j e c t 
c a p a b i l i t y m e e t i n g t h e r e q u i r e m e n t s of 19 .1 .4 above. If t h e n a m e p a r a m e t e r i s 
s y n t a c t i c a l l y i m p r o p e r , t h e s i g n a l CataErrName is g i v e n . If t h e r i g h t s f o r t h e 
c a t a l o g u e o r c a t a l o g u e e n t r i e s a long t h e steps or p r e t a r g e t a re i n s u f f i c i e n t , t h e 
s i g n a l C a t a E r r R i g h t s is g i v e n . O t h e r s igna l s are o p e r a t i o n - s p e c i f i c a n d a r e d e a l t 
w i t h i n d i v i d u a l l y . 

SMakeCatalogue ( NewCata, CataRep ) 

N e w C a t a - S imple i n d e x , e m p t y . 

CataRep - P a t h i n d e x ; a Cata logue object r e f e r e n c e or t e m p l a t e . 
Ef fec t ; 

N e w C a t a is t h e c a p a b i l i t y for a n e w l y c rea ted e m p t y c a t a l o g u e , 
r e t u r n e d w i t h al l a u x i l i a r y r i g h t s , $ENVRTS, SMODIFYRTS, a n d ( u n l e s s 
ca l l ed c o n f i n e d ) $UNCFRTS. 

Result; 
0 

SCopyCatalogue ( NewCata, OldCata ) 

Parameters; 

N e w c a t a - S imple i n d e x , e m p t y . 

Oldca ta - P a t h i n d e x ; Catalogue object r e f e rence , SENVRTS, 
SUNCFRTS, SMODIFYRTS, CataCopyRts. 

Effect; 

N e w C a t a is t h e capab i l i t y for a n e w l y c r e a t e d c a t a l o g u e , 
c o n t a i n i n g a l l t h e e n t r i e s of OldCata, r e t u r n e d w i t h al l a u x i l i a r y r i g h t s , 
SENVRTS, SMODIFYRTS, and SUNCFRTS. 

OldCata is a c a p a b i l i t y for t h e ca ta logue to be copied . No te t h a t t h i s 
o p e r a t i o n c i r c u m v e n t s t h e r evocab i l i t y of e n t r i e s w h o s e E n v i r o n m e n t 
b o o l e a n is fa lse; CataCopyRts shou ld t h e r e f o r e be g u a r d e d r a t h e r 
j e a l o u s l y . 
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SCataDestroy ( Cata ) 

P a r a m e t e r s : 

Cata - Pa th i n d e x ; Catalogue object r e f e rence , SMODIFYRTS, 
CataDestroyRts . 

Effect; 

Cata w o n ' t w o r k a n y m o r e . 
Result; 

0 

SCataObjinfo (Val, Cata) 

P a r a m e t e r s : 

Val - S imple i n d e x , e m p t y . 

Cata - Pa th i n d e x ; Catalogue 1 object r e fe rence , CataLis tRts . 

Val is t h e c a p a b i l i t y for a n e w l y crea ted Page , w h i c h c o n t a i n s 
i n f o r m a t i o n abou t Cata. The fir.st t h i r t y - t w o w o r d s of t h e Page c o n t a i n 
(1 ) an $Obj info b lock of s ix teen w o r d s desc r ib ing t h e c u r r e n t ' v e r s i o n ' 
of Cata and (2) a w o r d c o n t a i n i n g the n u m b e r of e n t r i e s i n Cata, s a y n . 
F o l l o w i n g t h a t a re n b locks of t h i r t y - t w o w o r d s each ; t h e i t h s u c h 
b l o c k con ta ins : (1) an $Obj info block of s i x t e e n w o r d s d e s c r i b i n g t h e 
v a l u e of t h e e n t r y and (2) a b lock of e igh t w o r d s c o n t a i n i n g t h e A s c i i 
n a m e of t h e e n t r y and (3) a w o r d c o n t a i n i n g t h e p r o t e c t boo l ean i n t h e 
l o w - o r d e r bi t . Val l a c k s SMODIFYRTS. 

R e s u l t i 
0 

SCataLookup ( Val, Cata, NamePar ) 

P a r a m e t e r s : 

Val - S imple i n d e x , e m p t y . 

19 ,2 
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SCataEnter ( Cata, NamePar, Source, Options ) 

P a r a m e t e r s ; 

Cata - P a t h i n d e x ; Catalogue object r e f e r ence , SENVRTS, 
SUNCFRTS, SMODIFYRTS. 

N a m e P a r - P a t h i n d e x ; Data object re fe rence , $ G ET DAT ARTS. 

S o u r c e - P a t h i n d e x ; object r e fe rence or t emp la t e , SENVRTS 

O p t i o n s - P a t h i n d e x ; op t iona l Data object r e f e r ence , 
$ G E TD AT ARTS. 

Effect; 

Opt ions is an op t iona l pa ramete r ; if p re sen t , i t m u s t be a Data 
c a p a b i l i t y w i t h SGETDATARTS. If i t s f i r s t w o r d is p r e s e n t a n d 4 n o n -
n e g a t i v e , i t becomes t h e E n v i r o n m e n t boolean ( d e f a u l t i s t r u e ) . If i t s 
s econd w o r d is p r e sen t and n o n - n e g a t i v e , i t becomes t h e P r o t e c t b o o l e a n 
( d e f a u l t is fa l se ) . 

'Cata is a c a p a b i l i t y for a ca ta logue . Each s tep c a t a l o g u e m u s t h a v e 
SENVRTS, SUNCFRTS, and SMODIFYRTS and C a t a L o o k u p R t s . T h e 
p r e t a r g e t m u s t h a v e SENVRTS, SUNCFRTS, and SMODIFYRTS a n d 
C a t a E n t e r R t s . If t h e t a rge t is not e m p t y , t h e n t h e p r e t a r g e t m u s t h a v e 
CataDele teRts ( o t h e r w i s e , CataErrDelete is s igna l l ed) a n d t h e e n t r y m u s t 
h a v e i t s P r o t e c t boolean false ( o t h e r w i s e , Ca taEr rPro tec t is s i g n a l l e d ) . 

S o u r c e w i l l become t h e v a l u e of t h e n e w t a r g e t e n t r y . 

19.2 

Cata - P a t h i n d e x ; Catalogue' object r e f e rence , SENVRTS, 
CataLookupRts . 

N a m e P a r - P a t h i n d e x ; Data object r e fe rence , $ G ET DAT ARTS. 
Effect; 

Val is a copy of t h e v a l u e capab i l i ty of t h e e n t r y s p e c i f i e d b y 
C a t a / N a m e P a r . If t h e E n v i r o n m e n t boolean of a n y e n t r y i n t h e p a t h i s 
fa l se , t h e n Val w i l l l ack SENVRTS. 

Cata is a c a p a b i l i t y for a ca ta logue . Each s t ep o r p r e t a r g e t o n t h e 
p a t h spec i f ied b y Cata /NamePar m u s t h a v e SENVRTS a n d C a t a L o o k u p R t s . 
T h e t a r g e t e n t r y m u s t be def ined. 

Result; 
0 
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SCataRename ( Cata, NamePar, NewPar ) 

Parameters; 

Cata - Pa th i n d e x ; Cata logue object r e fe rence , SENVRTS, 
SUNCFRTS, SMODIFYRTS. 

N a m e P a r - P a t h i n d e x ; Data object re fe rence , $ G ETD AT ARTS. 

N e w P a r - P a t h i n d e x ; Data object re fe rence , $ G ETD AT ARTS. 
Ef fec t ; 

Cata is a capab i l i t y for a ca ta logue . Each s tep c a t a l o g u e m u s t h a v e 
SENVRTS, SUNCFRTS, and SMODIFYRTS and C a t a L o o k u p R t s . T h e 
p r e t a r g e t c a t a logue m u s t h a v e SENVRTS, SUNCFRTS, a n d SMODIFYRTS 
a n d CataRenameRts . The t a r g e t m u s t be def ined. 

N e w P a r m u s t be a va l id NamePar w i t h a s i ng l e l e v e l n a m e . A n 
e n t r y w i t h t h i s n a m e m u s t no t a l ready ex is t in t h e p r e t a r g e t . T h e n a m e 
of t h e t a r g e t e n t r y is c h a n g e d to be t ha t in N e w P a r . 

Resiilii 
0 

SCataDelete ( Cata, NamePar ) 

P a r a m e t e r s : 

Cata - P a t h i n d e x ; Cata logue object r e fe rence , SENVRTS, 
SUNCFRTS, SMODIFYRTS. 

N a m e P a r - Pa th i n d e x ; Cata logue object r e fe rence , SGETDATARTS. 
Ef feo l ; 

Cata is a capab i l i t y for a ca ta logue. Each s tep c a t a l o g u e m u s t h a v e 
SENVRTS, SUNCFRTS, and SMODIFYRTS and C a t a L o o k u p R t s . T h e 
p r e t a r g e t c a t a l o g u e m u s t h a v e SENVRTS, SUNCFRTS, a n d SMODIFYRTS 
and CataDeleteRts . The t a rge t m u s t be def ined and h a v e a fa l se P r o t e c t 
boo l ean ( o t h e r w i s e CataErrProtec t is s igna l led) . T h e t a r g e t e n t r y i s 
r e m o v e d f rom t h e p r e t a rge t . 

R e s u l t ; 
0 
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SCataProtect ( Cata, NamePar) 

SCataUnprotect ( Cata, NamePar ) 

P a r a m e t e r s : 

Cata P a t h i n d e x ; Catalogue object r e fe rence , SENVRTS, 
SUNCFRTS, SMODIFYRTS. 

N a m e P a r P a t h i n d e x ; Data object r e fe rence , $ G ETD AT ARTS. 
Effect; 

Cata is a capab i l i t y for a ca ta logue . Each s tep c a t a l o g u e m u s t h a v e 
SENVRTS, SUNCFRTS, and SMODIFYRTS and C a t a L o o k u p R t s . T h e 
p r e t a r g e t c a t a l o g u e m u s t h a v e SENVRTS, SUNCFRTS, a n d SMODIFYRTS 
a n d Ca taPro tec tR t s . T h e t a rge t m u s t be def ined . 

If SCataPro tec t is cal led, t h e Protect boolean of t h e t a r g e t e n t r y 
w i l l b e c o m e true; if SCataUnprotec t is called, i t becomes false. 

R e s u l t : 
0 

SCataList ( Cata, TTYPort ) 

P a r a m e t e r s : 

TTYPort is a s sumed to be connec ted to a t e l e t y p e ; t h i n g s l i k e 
8cTTYPort a re apt to w o r k . To i h i s por t w i l l be sen t for e a c h e n t r y i n 
Cata: 

> t h e e n t r y n a m e 

> a s t a r if i t ' s a t e m p l a t e 

> a n 'at ' s ign if i t s p ro tec t boolean is t r u e 

> t h e p r i n t n a m e of i t s Type 

TTYPor t P a t h i n d e x ; Por t object re fe rence , all a u x i l i a r y r i g h t s , 
SMODIFYRTS 

Cata 
Effect; 

P a t h i n d e x ; Cata logue object r e fe rence , CataLis tRts 

19 .2 
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> i t s k e r n e l and a u x i l i a r y r i g h t s 

> t h e da te and t i m e of object c rea t ion 

F ina l l y , a c o u n t of t h e n u m b e r of en t r i e s is g i v e n . 
Result; 

0 

SDirToCata ( NewCata, OldDir ) 

Parameters; 

N e w C a t a S imple i n d e x , e m p t y . 

OldDir Pa th i n d e x ; Direc tory object r e fe rence , 
$ENVRTS,$UNCFRTS, and SMODIFYRTS. 

Effect; 
NewCata is t h e capab i l i t y for a n e w l y c rea ted c a t a l o g u e , r e t u r n e d 

w i t h all a u x i l i a r y r i g h t s , and w i t h SENVRTS, SUNCFRTS, a n d 
SMODIFYRTS. It is in i t i a l i zed w i t h t h e con ten t s of OldDir. A n y e n t r i e s 
of OldDir t h a t had n a m e cha rac t e r s t h a t a re i l l ega l i n t h e c a t a l o g u e 
s y s t e m w i l l s i m p l y be lef t o u t . 

19 . 2 .1 C o m p a t i b i l i t y P r o c e d u r e s 

T h e r e a r e p r o c e d u r e s in t h e Cata logue Type object t h a t a ccep t c a l l s i n t h e 
c a l l i n g s e q u e n c e for DirGet, Di rPut , DirD^lete, and DirRename, m u n g e w i t h t h e 
N a m e P a r a m e t e r in b lock n o t a t i o n , and do r e c u r s i v e cal ls i n t h e c a l l i n g s e q u e n c e 
of S C a t a L o o k u p , SCataEnter , SCataDelete, and SCataRename. T h u s , if y o u h a v e a 
c a t a l o g u e and w a n t to use it w i t h a p rogram tha t t h i n k s i t ' s a D i r e c t o r y a n d h a s 
t h e s e n s e to u s e STypeca l l ' s , t h e n it w i l l w o r k . 

S i m i l a r l y , t h e r e are p r o c e d u r e s in th^ Directory Type ob jec t t h a t do t h e d u a l 
o p e r a t i o n . T h u s , if you s t i l l h a v e a Direc tory and w a n t to u s e i t w i t h a p r o g r a m 
t h a t t h i n k s i t ' s a ca t a logue , t h e n t h a t w i l l w o r k too. 

T h e s e t w o se ts of p r o c e d u r e s w i l l no1 be suppor ted i n d e f i n a t e l y . 

Resulli 
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20. The Command Interpreter 
20-1 

2 0 . 1 . C o m m a n d L a n g u a g e S u b s y s t e m 

T h e P o l i c y S y s t e m 1 c o m m a n d l a n g u a g e s u b s y s t e m p rov ides t h e i n t e r f a c e 
b e t w e e n t h e s y s t e m and a u s e r at a t e r m i n a l , in t h e fo rm of a n i n t e r a c t i v e 
l a n g u a g e . T h e c o m m a n d l a n g u a g e a l l o w s access to and con t ro l o v e r t h e u s e r ' s 
e n v i r o n m e n t as p r o v i d e d b y C.mmp. HYDRA and Pol icy s y s t e m 1. T h i s i n c l u d e s a 
m e c h a n i s m for t h e i n v o c a t i o n of Hydra p rocedures i n c l u d i n g a l l of t h e P o l i c y 
S y s t e m 1 p r o c e d u r e s . It a lso h a s fac i l i t i es to e x e c u t e s tored f i les of c o m m a n d s a n d 
t o a c c e s s t h e c a t a l o g u e s u b s y s t e m . Readers w h o h a v e no t u sed t h e c o m m a n d 
l a n g u a g e r e c e n t l y s h o u l d read t h e Command Language I n t r o d u c t i o n , CLINTR.DOC 
( o r CLINTR.XGO) [ N 8 1 0 H Y 9 7 ] . 

U s e r s a r e h e r e b y no t i f i ed t h a t t h i s d o c u m e n t r ep r e s en t s a c h a n g i n g s y s t e m , 
a n d t h e r e f o r e m a y be r ega rded w i t h some susp ic ion . A l i s t of k n o w n b u g s c a n b e 
f o u n d i n CLBUGS.DOC[N810HY97], b u t w e as y e t h a v e no w a y of g e n e r a t i n g a l i s t 
of u n k n o w n b u g s . W i t h t h e co-opera t ion of u se r s and i m p l e m e n t o r s w e w i l l b e 
a b l e t o k e e p t h i s d o c u m e n t u p - t o - d a t e , and p u t i n c r e m e n t a l c h a n g e s o r b u g r e p o r t s 
i n t h e N E W S a n d SYSNEW f i les . 
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2 0 . 2 . C o m m a n d L a n g u a g e 

T h e f o l l o w i n g t w o sec t ions g i v e an in fo rmal desc r ip t ion of t h e c o m m a n d 
l a n g u a g e . Sec t ion 2 0 . 8 c o n t a i n s t h e comple te s y n t a x d e s c r i p t i o n i n t h e 
f o r m of BNF r u l e s . Some of t h e p r i m i t i v e s , s u c h as identifier, numeric, e t c . a r e 
( o r s h o u l d be) so w e l l k n o w n t h a t t h e i r formal de f in i t i ons a r e lef t as e x e r c i s e s f or 
t h e r e a d e r . I n f o r m a l de sc r i p t i ons a re g iven be low. 

20.2.1 L e x i c a l S t r u c t u r e 

T h i s s e c t i o n desc r ibes t h e r e s u l t s of t h e lex ica l ana lys i s and m a c r o e x p a n s i o n 
s e c t i o n of t h e c o m m a n d i n t e r p r e t e r , descr ib ing w h a t t h e "a toms" of t h e l a n g u a g e 
a r e a n d w h a t t h e y m e a n . Atom re fe r s to t h e smal les t u n i t t h a t t h e c o m m a n d 
i n t e r p r e t e r u n d e r s t a n d s . 

T h e a t o m s a re m u c h t h e same as in a n y p r o g r a m m i n g l a n g u a g e : n u m e r i c 
q u a n t i t i e s , v a r i a b l e s , s t r i n g s , and de l imi t e r s . In add i t ion , t h e r e a r e t h e u s u a l 
l e x i c a l n i c e t i e s i n c l u d i n g c o m m e n t s , macro calls and l i ne c o n t i n u a t i o n . T h e s e 
c o n s t r u c t s a r e s i m i l a r to t h o s e of BLISS/11 and are def ined as f o l l o w s : 

NUMERIC: 

N A M E : 

VARIABLE: 

STRING: 

a s e q u e n c e of cha rac te r s t h a t can be c o n v e r t e d i n t o a 
b i n a r y n u m b e r . There are t w o k i n d s of n u m e r i c 
q u a n t i t i e s : decimal and r ad ix . Decimal n u m b e r s a r e t h e 
d e f a u l t and consist of a s e q u e n c e of ASCII n u m e r i c 
c h a r a c t e r s t e rmina t ed by a n o n - n u m e r i c c h a r a c t e r . 
Radix q u a n t i t i e s are indica ted b y a s h a r p s i g n ('#*) 
f o l l o w e d b y a sequence of c h a r a c t e r s v a l i d i n t h e 
c u r r e n t r a d i x . Radix n u m b e r s a re t e r m i n a t e d b y a n y 
c h a r a c t e r t h a t i,i not in t h e c u r r e n t r a d i x se t . T h e r a d i x 
used to c o n v e r t t h e i n p u t s e q u e n c e is d e t e r m i n e d b y a 
c o m m a n d l anguage va r i ab le (see s e c t i o n 2 0 . 5 ) 
and m a y be set u n d e r p r o g r a m c o n t r o l . T h e f u l l 
f l e x i b i l i t y of r ad ix cont ro l for i n p u t and o u t p u t c a n b e 
d e t e r m i n e d from s t u d y i n g sec t ion 2 0 . 5 . 2 . 

a s e q u e n c e of cha rac te r s s t a r t i n g w i t h a n a l p h a b e t i c 
and c o n t a i n i n g a l p h a n u m e r i c s . Upper a n d l o w e r c a s e 
a l p h a b e t i c s are t reated as t h e same c h a r a c t e r s , e x c e p t i n 
s t r i n g s ; t h u s an iden t i f i e r w i t h o n l y u p p e r c a s e 
a l p h a b e t i c s is t h e same as one w i t h t h e s a m e 
a l p h a b e t i c s in all l o w e r case or m i x e d u p p e r a n d l o w e r 
case a lphabe t i c s . 

a n a m e preceded by a c h a r a c t e r . 

a s e q u e n c e of cha rac te r s con t a ined w i t h i n a p a i r of 
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COMMENT: 

DELIMITER: 

CONTINUATION: 

MACRO CALL: 

q u o t i n g cha rac t e r s , e i t h e r s ing le q u o t e s o r d o u b l e 
q u o t e s ( \ \ or " ). S t r i n g s m a y c o n t a i n a n y ASCII 
c h a r a c t e r . T h e q u o t i n g c h a r a c t e r m a y be e n t e r e d i n t o 
t h e s t r i n g b y h n v i n g t w o s e q u e n t i a l o c c u r r e n c e s of i t . 
The d o u b l e o c c u r r e n c e is c o n v e r t e d i n t o o n e c h a r a c t e r 
t h a t i s placed in t h e s t r i n g . A q u e s t i o n m a r k ( M ? M ) 
causes t h e c h a r a c t e r i m m e d i a t e l y f o l l o w i n g i t to. h a v e 
i t s 7 t h b i t c leared. L o w e r case l e t t e r s a lso h a v e t h e i r 
6 t h b i t c leared . Th i s u s u a l l y is used to c o n v e r t u p p e r 
case c h a r a c t e r s to t h e c o n t r o l c h a r a c t e r s . T h u s "?A" i s 
con t ro l -A , M ? J " is c o n t r o l - J ( l i n e feed) and M ? M M i s 
c o n t r o l - M (car r iage r e t u r n ) . M ? ? M i s j u s t " ? " . A n 
e x c l a m a t i o n m n r k ( M!M ) causes t h e 6 t h b i t of t h e 
f o l l o w i n g c h a r a c t e r to be se t , w h i c h c a u s e s t h e u p p e r 
case c h a r a c t e r s to be c o n v e r t e d i n t o t h e i r l o w e r c a s e 
e q u i v a l e n t s . 

a s equence of c h a r a c t e r s w h i c h a r e i g n o r e d b y t h e 
c o m m a n d i n t e r p r e t e r . A c o m m e n t is enc losed e i t h e r b y 
a "!" and a l i n e feed or b y t w o o c c u r r e n c e s of "% M . T h e 
t e x t of a c o m m e n t is no t e x a m i n e d e x c e p t to f i n d t h e 
o c c u r r e n c e of t h e t e r m i n a t i n g c h a r a c t e r . T h u s a n 
e x c l a m a t i o n po in t m a y o c c u r w i t h i n a "%" t y p e 
c o m m e n t w i t h o u t a f f ec t i ng i t . A c o m m e n t m u s t o c c u r 
at a l e x i c a l l y va l id po in t i n t h e i n p u t s t r i n g , t h a t i s , a n 
o c c u r r e n c e of a c o m m e n t i n g s y m b o l w i l l c a u s e t h e 
t e r m i n a t i o n of a l ex ica l c o n s t r u c t s u c h as a n a m e o r a 
n u m b e r . 

a n y c h a r a c t e r 1 h a t i sn ' t a l p h a n u m e r i c , %, !, b l a n k o r 
con t a ined w i t h i n q u o t i n g c h a r a c t e r s . 

If an "t" fo l lowed i m m e d i a t e l y b y a c a r r i a g e r e t u r n 
(CR) or l inefeed (LF) is r ece ived f rom t h e t e r m i n a l 
d u r i n g s t a t e m e n t i n p u t , t h e " t M and t h e l i n e t e r m i n a t o r 
(CR or LF) are ignored . S c a n n i n g c o n t i n u e s w i t h t h e 
n e x t a t om. The effect of t h e c h a r a c t e r s i s t o c a u s e 
t e r m i n a t i o n of an a tom and to s u p p r e s s t h e i n s t a n c e of 
t h e ca r r i age r e t u r n d e l i m i t e r . T h i s a c t i o n does n o t 
app ly ins ide s t r i n g s or c o m m e n t s . S imi l a r e f f ec t s i n s i d e 
of s tored p rog rams m a y be ob ta ined w h e n &N0CRLF, a 
c o m m a n d l a n g u a g e con t ro l va r i ab l e , h a s t h e a p p r o p r i a t e 
v a l u e . See sec t ion 2 0 . 5 for m o r e d e t a i l s o n 
&NOCRLF. 

a n a m e w h i c h h a s been "dec lared" as a m a c r o , f o l l o w e d 
b y i t s p a r a m e t e r s (if a n y ) enclosed i n b r a c k e t s ( e i t h e r 
M ( ) M , M [ ] M or "<>"). The m a c r o n a m e and p a r a m e t e r s a r e 
rep laced b y t h e macro b o d y on a n a t o m b y a t o m b a s i s . 
All mac ros e n c o u n t e r e d d u r i n g t h e s c a n n i n g of t h e 
p a r a m e t e r s a re expanded as t h e y a re e n c o u n t e r e d . A 
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mac ro w i t h o u t p a r a m e t e r s does n o t h a v e b r a c k e t s 
associated w i t h i t . Sect ion 2 0 . 3 . 3 on d e c l a r a t i o n s 
g i v e s a complete* desc r ip t ion of m a c r o d e c l a r a t i o n s . 
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2 0 . 3 . C o m m a n d S y n t a x a n d S e m a n t i c s 

T h i s s e c t i o n d e s c r i b e s t h e s y n t a x and s e m a n t i c s of t h e c o m m a n d l a n g u a g e . 
E x a m p l e s a r e i n c l u d e d w h i c h sugges t t h e p o w e r and f l e x i b i l i t y of t h e l a n g u a g e . 

20.3 .1 P r o g r a m 

T h e c o m m a n d l a n g u a g e is in tended to be used i n t e r a c t i v e l y f r o m a t e r m i n a l . 
A u s e r t y p e s a " p r o g r a m " to t h e command i n t e r p r e t e r w h i c h i s e x e c u t e d . A 
p r o g r a m cons i s t s of a se t of s t a t e m e n t s in t h e l a n g u a g e . In add i t i on , p r o g r a m s m a y 
b e s t o r e d a w a y as " C o m m a n d s " and execu ted as if t h e y w e r e p r o c e d u r e s . See 
s e c t i o n 2 0 . 6 fo r a d e s c r i p t i o n of h o w to c rea te Commands . 

program : : = s tatement | program sep statement 

sep : : = c a r r i a g e r e t u r n l i n e f e e d | ; 

W h e n a l i n e t e r m i n a t o r is typed, t h e i n p u t l i ne is ana lyzed and a l l c o m p l e t e 
s t a t e m e n t s a r e e x e c u t e d . Each s t a t emen t is e x e c u t e d as soon as i t h a s b e e n p a r s e d 
a n d b e f o r e a n y o t h e r s t a t e m e n t s are parsed. M u l t i p l e s t a t e m e n t s a r e a l l o w e d o n a 
l i n e , s e p a r a t e d b y s e m i c o l o n s . A s t a t emen t en t e r ed f rom t h e t e r m i n a l m a y b e 
c o n t i n u e d ac ross a c a r r i a g e r e t u r n b o u n d a r y b y m e a n s of t h e c o n t i n u a t i o n 
c o n s t r u c t . Note t h a t s o m e t h i n g of t h e form: 

if Booleanexpression then 
DOTHISO 

else 
DOTHATO 

i J f a s 1 ^ W ° r k ' S i n C e t h e c a r r i a £ e r e t u r n is a separa tor ; t h e p r o g r a m m u s t be t y p e d 

if Booleanexpression then T 
DOTHISO T 

else T 
DOTHATO 

o r t y p e d i n on a s i n g l e l i n e . To a l lev ia te t h i s p rob lem, ca r r i age r e t u r n s a r e n o t 
^ M n r S r t S S t a ^ m e n l ^ e i ) a r a t 0 r S * n S t ° r e d *>™&™™. See also t h e d i s c u s s i o n of &NOCRLF in s e c t i o n 2 0 . 5 . 
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2 0 . 3 . 2 S t a t e m e n t 

T h e statement is t h e smal les t express ion t h a t is i n d e p e n d e n t l y e x e c u t e d b y 
t h e c o m m a n d i n t e r p r e t e r . 

s ta tement c o n d i t i o n a l | dec lara t ion | macrodeclarat ion | i t e r a t i o n 

I compound | i / o | s t r ing | s impleexpress ion | ass ignment 
massignment | empty 

E a c h s t a t e m e n t is i n d e p e n d e n t l y parsed and e x e c u t e d be fo re a n y f o l l o w i n g 
s t a t e m e n t s a r e pa r sed . If an e r r o r occurs , e i t he r in p a r s i n g or i n e x e c u t i o n of a 
s t a t e m e n t , a l l s t a t e m e n t s u p to t h e s t a t emen t caus ing t h e e r r o r h a v e b e e n e x e c u t e d 
a n d n o s t a t e m e n t s af te r t h e e r r o n e o u s ones w i l l be e x e c u t e d . T h e e r r o n e o u s 
s t a t e m e n t m a y h a v e been p a r t i a l l y execu ted and t h u s some s ide e f f ec t s m a y h a v e 
o c c u r r e d . If t h e s e q u e n c e M S 1 ; S2; S 3 " w e r e typed to t h e c o m m a n d i n t e r p r e t e r 
t h e n S I w o u l d be e x e c u t e d and on i ts successful comple t i on S2 and t h e n S 3 w o u l d 
b e e x e c u t e d . If " ( S I ; S2; S3)" w e r e typed to t h e c o m m a n d i n t e r p r e t e r t h e n S I , S 2 
a n d S 3 w o u l d a l l be parsed before SI w a s execu ted . In t h e second case , i f S I w e r e 
t o i n v o k e C o m m a n d s w h i c h def ined macros , t h e macros w o u l d n o t be d e f i n e d f o r 
s c a n n i n g S2 a n d S 3 . 

2 0 . 3 . 3 V a r i a b l e s 

Declarations a l l o w access to and al locat ion of t h e r e s o u r c e s of t h e c o m m a n d 
i n t e r p r e t e r . Resources i n c l u d e core s torage, w h i c h can be u sed in t h e f o r m of 
variables o r macros and LNS slots w h i c h can be used to s t o r e c a p a b i l i t i e s . T h e 
f o r m of t h e n a m e of a v a r i a b l e is def ined by t h e l ex ica l c o n s t r u c t variable. T h e 
p u r p o s e of t h e & is to d i s t i n g u i s h a var iab le f rom a c a t a l o g u e n a m e ( w h i c h i s 
d e s c r i b e d i n s e c t i o n 2 0 . 3 . 1 0 ) . The scope of a dec l a ra t ion is to t h e e n d of t h e 
c u r r e n t block. For a d i scuss ion of s ta t ic and d y n a m i c b l o c k s , see s e c t i o n 
2 0 . 3 . 5 . 

d e c l a r a t i o n ::= CAPA c l n a m e l l s t | WORD c l n a m e l l s t 
I WORDVEC c l n a m e s i z r l i s t 

c l n a m e l l s t : : = clname | c l n a m e l l s t , clname 

c l n a m e s i z e l i s t : : = c lnamesize | c ln^mes ize l1s t , c lnames ize 

c l n a m e s i z e : : = clname s p e c i f i e r 

clname : : = 8 c i d e n t i f i e r 

s p e c i f i e r : : = . p3 | [ s t r i n g s p e c s ] 

macrodec larat ion : : = MACRO macrcdef i n i t i o n 
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macrodef in i t ioD : : = macroname « macrobody 

| macrodef in l t lon , macroname = macrobody 

macroname macrold | macrold ( formalparms ) 

macroid : : = i d e n t i f i e r | clname | cnntro lcbarac ter 

formalparms i d e n t i f i e r | formalparms , i d e n t i f i e r 

macrobody s t r i n g v i t h o u t d o l l a r s i g n $ 

V a r i a b l e s i n t r o d u c e d b y t h e CAPA dec la ra t ion h o l d capab i l i t i e s , WORD 
v a r i a b l e s h o l d a s i m p l e P D P - 1 1 w o r d (i .e 1 6 bi ts) and WORDVEC v a r i a b l e i s e i t h e r 
a l i n e a r v e c t o r of w o r d s or a b y t e s t r i n g , b r i n g "specif ier" w o r d s l o n g . C a p a b i l i t i e s 
a n d s i m p l e w o r d v a r i a b l e s a re accessed by u s i n g t h e v a r i a b l e n a m e ( i . e . t h e 
c o n s t r u c t " c l n a m e " ) . W o r d s in a vec to r a re accessed b y s p e c i f y i n g t h e d e s i r e d 
w o r d u s i n g t h e q u a l i f i e d n a m e no ta t i on . S t r ings and s u b s t r i n g s a r e spec i f i ed b y 
e n c l o s i n g t h e o f f se t and l e n g t h of t h e s t r i n g w i t h i n b r a c k e t s , w h e r e t h e o f f s e t i s 
t h e n u m b e r of b y t e s f rom t h e f i r s t by t e to (and i n c l u d i n g ) t h e b y t e des i r ed a n d t h e 
l e n g t h i s n u m b e r of b y t e s desired in t h e s u b s t r i n g . It is poss ib le to u s e s t r i n g s 
f r o m w o r d v e c t o r s as n a m e s of e n t r i e s in ca ta logues . 

• 
T h e r e is n o c l a i m for e legance made about t h i s i m p l e m e n t a t i o n of s t r i n g s ; i t 

w a s e x p e d i e n t , and someday i t m a y be improved so t h a t r ea l v a r i a b l e s of t y p e 
STRING w i l l e x i s t . 

T h e m a c r o d e f i n i t i o n f ac i l i t y a l l o w s a n y i d e n t i f i e r , v a r i a b l e or c o n t r o l 
c h a r a c t e r ( e x c e p t c a r r i a g e r e t u r n and l ine feed) to be de f ined as a m a c r o , g i v i n g 
t h e u s e r s o m e a b i l i t y to ta i lor t h e sys tem to h i s needs . Cont ro l c h a r a c t e r s a r e 
i n c l u d e d so t h a t c o m m o n c o m m a n d s can be made i n t o s i m p l e , s i n g l e c h a r a c t e r 
m a c r o s w h i c h c a n be e x e c u t e d w i t h a m i n i m u m of t y p i n g . 

T h e r e a r e s e v e r a l p redef ined var iab les w h i c h t h e c o m m a n d l a n g u a g e u s e s t o 
i n t e r f a c e t o t h e u s e r . These a re l i s ted in sec t ion 2 0 . 5 . 

E x a m p l e s 

CAPA &A.&B 
WORD &C 

WORDVEC &STR.36, &STR2[30] 

&STR2[5,6] 

&STR.2 

7 declare two capability variables^ 
7-declare a simple word variable^ 
7. declare a vector of 36 words and 
a string of 30 characters 7. 
7. refers to the string composed of 
the fifth thru tenth bytes 7. 
7. refers to the second word of the 
vector 7. 

MACRO MAK(A,B)=A=$CREATEPMPROS(B); SSTARTPMPROS(A)$ 
7. macro "MAK" creates and starts 

MACRO CRLF=TYPE 7M?J'$ 

MAK(&PR0S,&PR0C); CRLF; CRLF 
2 0 . 3 . 3 

a process 7. 
7. type carriage return line feed on 
the terminal Z 
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7. create process and start it, then 
t^pe two carriage return-l inefeeds 

2 0 . 3 . 4 S i m p l e E x p r e s s i o n 

s i m p l e x p r e s s i o n plO | s implexpress ion XOR plO | s implexpress ion EQV plO 

plO : : * p9 | plO OR p9 

p9 : : = p8 | p9 AND p8 

p8 : : = p7 | NOT p8 

p7 : : = p6 | p6 rel p6 

r e l : : = EQL | NEQ | LSS | LEQ | GTR | GEQ | EQLU | NEQU | LSSU 
| LEQU | GTRU | GEQU 

p6 : : = p5 | p6 + p5 | p6 - p5 

p5 : : = p4 | p5 t p4 | p5 / p4 | p5 MOD p4 

p4 : : = p3 | p4 t p3 

p3 : : = unsigned | • p3 | - p3 

uns igned : : = p2 | numeric | compound | block | s t r i n g | invocat ion | ove 
| statement 

p2 : : = clname | clname s p e c i f i e r 

s p e c i f i e r : : = . p3 | [ s t r i n g s p e c s ] 

s t r i n g s p e c s : : = f i r s t c h a r | f i r s t c h i r 

f i r s t c h a r : : = s implexpress ion 

s t r i n g s i z e : := s implexpress ion 

| , s t r i n g s i z e I f i r s t c h a r , s t r i n g s i z e 

A s i m p l e x p r e s s i o n is an a r i t h m e t i c e x p r e s s i o n . All ope ra t ions a r e u p o n 16 b i t 
b i n a r y q u a n t i t i e s and r e s u l t in a 16 bi t q u a n t i t y . T h e p recedence of t h e o p e r a t i o n s 
i s i m p l i c i t i n t h e BNF above. A var iab le in a s imp le expres s ion m u s t e v a l u a t e to a 
s i m p l e n u m e r i c q u a n t i t y . 

Example 

&A*24 ! WORD variable &A plus 2 4 

2 0 . 3 . 3 
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W r i t t e n M e a n i n g 

[ f i r s t ] [ f i r s t , 1] 
[ f i r s t , ] [f j r s t , res t .of . s t r i n g ] 
[ , l eng th ] [ 1 . l e n g t h ] 

w h e r e r e s t . o f . s t r i n g w i l l u s e t h e w o r d s r e m a i n i n g b e t w e e n t h e g i v e n b y t e 
p o s i t i o n a n d t h e end of t h e WORDVEC h o l d i n g t h e s t r i n g . 

2 0 . 3 . 5 B l o c k a n d C o m p o u n d 

block ::= BEGIN program END 

compound : := ( program ) 

A block or compound is an a r b i t r a r y n u m b e r of s t a t e m e n t s s e p a r a t e d b y 
s e m i c o l o n s or ca r r i age r e t u r n s and b racke t ed by BEGIN - END or ( - ), r e s p e c t i v e l y . 
T h e compound is used s y n t a c t i c a l l y to a l l o w t h e g r o u p i n g of s t a t e m e n t s . A 
c o m p o u n d s t a t e m e n t does no t d e t e r m i n e t h e scope of v a r i a b l e d e c l a r a t i o n s . 

A d e c l a r a t i o n c o n t e x t l eve l is i m p l i c i t l y def ined b y a m a t c h i n g BEGIN END 
p a i r . A c o n t e x t m a y also e x p l i c i t l y be en te red and e x i t e d b y t h e c o m m a n d 
l a n g u a g e f u n c t i o n s BLKBEGIN and BLKEND. These f u n c t i o n s p r o v i d e f o r a 
d y n a m i c b l o c k s t r u c t u r e w h i c h can nes t w i t h i n t h e s t a t i c b l o c k s t r u c t u r e . T h e 
m a i n p u r p o s e of BLKBEGIN and BLKEND is to de f ine a local c o n t e x t i n w h i c h 
f u t u r e c o m m a n d s typed in a t t h e t e r m i n a l w i l l be e x e c u t e d . T h e BLKEND w i l l 
u n d e c l a r e a n y va r i ab l e s declared in t h e " inne r b lock" ; t h e s e h a v e u s u a l l y b e e n 
d e c l a r e d b y d i r e c t t y p e i n by t h e u se r . Note t h a t for each BLKBEGIN f u n c t i o n 
e x e c u t e d a m a t c h i n g BLKEND f u n c t i o n m u s t be e x e c u t e d . 

2 0 . 3 . 6 A s s i g n m e n t 

T h e c o m m a n d l a n g u a g e a l l o w s e x t e n s i v e access to capab i l i t i e s and n u m e r i c 
q u a n t i t i e s , i n c l u d i n g t h e ca t a logue s t r u c t u r e . T h i s i n c l u d e s t h e a b i l i t y t o 
m a n i p u l a t e capab i l i t i e s in a m a n n e r s imi l a r to t h a t of s i m p l e n u m e r i c q u a n t i t i e s 
T h e ovel c o n s t r u c t b e l o w is def ined l a t e r b u t i nd ica t e s an access to t h e c a t a l o g u e 
s u b s y s t e m or to objec ts . 

2 0 . 3 . 4 

&C.&A MOD 12 7. &Ath word in WORDVEC &C mod 
127. 

&A GTR &C.5 7. 1 if &A contains a larger value 
than the 5th word of &C, 0 
otherwise 7. 

W h e n s p e c i f y i n g a par t of a s u b s t r i n g , t h e spec i f i e r s r e f e r t o b y t e s ( n o t 
w o r d s ) i n a WORDVEC va r i ab l e . The g e n e r a l f o r m of t h e s p e c i f i e r i s 
[ f i r s t c h a r , s t r i n g s i z e j . For c o n v e n i e n c e one of t h e a r g u m e n t s m a y be o m i t t e d . 
T h e d e f a u l t s a r e : 
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ass ignment : : = name «- statement 

name : : = o v e l | p2 

T h e e v a l u a t i o n of an ass ignment i n v o l v e s e v a l u a t i o n of t h e r i g h t h a n d s ide 
# a n d t h e n , if poss ib le , t h e s to r ing of t h e r e s u l t i n t o t h e lef t h a n d s i d e . T y p e 

c h e c k i n g a n d s o m e t y p e conve r s ion are pe r fo rmed . 

E x a m p l e s 

&A<-21 ! give &A the value 21 

&C.12«- & A / 5 * &C.3 

20.3.7 I t e r a t i o n 

S i n c e c o m m a n d s m a y be execu ted f rom sources o t h e r t h a n t h e t e r m i n a l , t h e 
c o m m a n d l a n g u a g e h a s expres s ions w h i c h a l l o w con t ro l o v e r p r o g r a m e x e c u t i o n . 

i t e r a t i o n ::= WHILE s implexpress ion DO s tatement 

T h e v a l u e of t h e s imple express ion is c o m p u t e d and if i t s v a l u e is " t r u e " , t h e 
s t a t e m e n t i s e x e c u t e d and t h e i t e ra t ion s t a t e m e n t is r e e v a l u a t e d . If t h e s i m p l e 
e x p r e s s i o n is " fa lse" , t h e i t e r a t ion eva lua t i on is comple te . T h e v a l u e is c o n s i d e r e d 
" t r u e " if i t s l o w - o r d e r b i t is 1, and "false" if i t s l o w - o r d e r b i t i s 0 . T h i s i s 
c o n s i s t e n t w i t h t h e BLISS in t e rp r e t a t i on of Booleans. The c a n o n i c a l v a l u e s of 
r e l a t i o n s a r e " 1 " fo r t r u e and "0" for false. The Boolean o p e r a t o r s AND, OR, NOT, 
e t c . a r e b i t w i s e o p e r a t i o n s on uns igned 1 6 - b i t v a l u e s . Users of l a n g u a g e s i n 
w h i c h a n y n o n z e r o v a l u e is considered " t r u e " are u r g e d to k e e p t h i s d e f i n i t i o n i n 
m i n d . T h e v a l u e of t h e i t e r a t i on is t ha t of t h e last e v a l u a t i o n of t h e s t a t e m e n t o r 
- 1 i f t h e s t a t e m e n t is n e v e r eva lua ted . 

E x a m p l e 

WORD &A; WORDVEC &C.100 

&A*-0 

While (&A+-&A.1) leq 100 do &C&A<-0 

2 0 . 3 . 6 
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2 0 . 3 . 8 C o n d i t i o n a l 

c o n d i t i o n a l : : = IF s implexpress ion THEN s tatement e l s e p a r t 

e l s e p a r t ELSE statement | empty 

T h e s i m p l e express ion is eva lua ted and if i t h a s a v a l u e of " t r u e " , t h e 
s t a t e m e n t f o l l o w i n g t h e THEN is e x e c u t e d , o t h e r w i s e t h e elsepart ( if a n y ) i s 
e x e c u t e d . T h e d e f i n i t i o n s of " t r u e " and "false" a re g i v e n i n sec t ion 2 0 . 3 . 7 . S i n c e 
t h e THEN a n d t h e ELSE par t s a re s t a t e m e n t s , i t is poss ib le to h a v e c o n d i t i o n a l 
d e c l a r a t i o n s . S ince macros a re def ined d u r i n g i n p u t s c a n n i n g , c o n d i t i o n a l 
d e f i n i t i o n of m a c r o s by t h i s m e t h o d is no t possible . C o m m a n d s d e f i n i n g m a c r o s 
m a y b e i n a c o n d i t i o n a l s t a t emen t . The macros w i l l no t be de f ined d u r i n g t h e 
c u r r e n t i n p u t s c a n . W h e n u s i n g cond i t iona l dec la ra t ions , one m u s t be c a r e f u l t o 
a v o i d e r r o r s . T h i s f ac i l i t y is i n t ended to be used f rom C o m m a n d s . For m o r e 
i n f o r m a t i o n a b o u t Commands see sec t ion 2 0 . 6 . 

C o n d i t i o n a l s m a y be nested to a n y d e p t h des i red , as t h e BNF i n d i c a t e s . I t i s 
n o t n e c e s s a r y t o i n c l u d e an ELSE for each THEN. T h e " d a n g l i n g e l se" a m b i g u i t y i s 
r e s o l v e d b y m a t c h i n g each ELSE w i t h t h e most r ecen t u n m a t c h e d THEN. 

2 0 . 3 . 9 I / O 

i / o : := TYPE o u t p u t l i s t | ACCEPTO | INTERPRETQ 

o u t p u t l i s t output | o u t p u t l i s t , output 

o u t p u t : : = s t r i n g | s implexpress ion 

T h e t h r e e t y p e s of I/O s t a t e m e n t s a l l o w a CI p r o g r a m to c o m m u n i c a t e w i t h 
t h e u s e r a t t h e t e r m i n a l . The TYPE s t a t e m e n t p r i n t s on t h e t e r m i n a l and a l l o w s as 
p a r a m e t e r s a n y t h i n g t h a t eva lua t e s to e i t h e r a s t r i n g or a n u m e r i c q u a n t i t y . A 
s t r i n g i s p r i n t e d as i t appears ( i n c l u d i n g a n y con t ro l c h a r a c t e r s ) a n d a n u m e r i c 
q u a n t i t y i s p r i n t e d as a s igned dec imal . Note t h a t u n l i k e some s y s t e m s , t h e TYPE 
s t a t e m e n t d o e s n o t o u t p u t a free <crlf>, w h i c h g ives t h e u s e r g r e a t e r f l e x i b i l i t y 
t h a n i n t h o s e s y s t e m s w h i c h p rov ide s u c h a "service" . A n o t e of caut ion* i s i n 
o r d e r , h o w e v e r . If a use r forgets to p u t a <crlf > at t h e end of a l i ne , t h e u s u a l case 
i s t h a t t h e v a l u e of t h e s t a t emen t is p r in t ed o u t u p o n r e t u r n to t h e top l e v e l . I n 
m o s t c a s e s t h i s is a zero, and s ince i t is conca tena ted to t h e c u r r e n t l i n e t h e v a l u e 
p r i n t e d a p p e a r s to be too la rge . Consider t h e e x a m p l e : 

0>TYPE "HI" 
HTo> 

w h i c h i s f a i r l y o b v i o u s ; t h e "0>" is t h e r e s u l t of t h e las t s t a t e m e n t p l u s t h e ">" 
p r o m p t c h a r a c t e r . H o w e v e r , a c o m m o n (and eas i ly made) e r r o r o c c u r s i n t h e c a s e 
Of: 

2 0 . 3 . 8 
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0>&RETVAL<-123 
123>TYPE &RETVAL 
T235> 

w h e r e t h e a c t u a l v a l u e w a s " 1 2 3 " fo l lowed by t h e " 0 M for t h e r e s u l t of t h e 
s t a t e m e n t . Be ca re fu l ! Note: T h e p r i n t i n g of t h e r e su l t can be s u p p r e s s e d b y u s e of 
t h e &PRINT VALUE va r i ab l e ; for de ta i l s see sect ion 2 0 . 5 . 3 . 

T h e ACCEPT f u n c t i o n g e t s i n p u t from t h e t e r m i n a l u p to a n d i n c l u d i n g t h e 
n e x t c a r r i a g e r e t u r n , l i ne feed pa i r . The i n p u t is c o n v e r t e d i n t o a s t r i n g . T h i s 
s t r i n g i s t h e v a l u e of t h e s t a t e m e n t . ACCEPT m a y t a k e one o p t i o n a l a r g u m e n t . If 
t h e a r g u m e n t e v a l u a t e s to 0, t h e n t h e b reak cha rac t e r ( t y p i c a l l y c a r r i a g e r e t u r n -
l i n e f e e d ) i s i n c l u d e d in t h e s t r i n g . If t h e a r g u m e n t e v a l u a t e s t o 1, o r i s o m i t t e d , 
t h e b r e a k c h a r a c t e r is r e m o v e d . 

T h e INTERPRET f u n c t i o n a l l o w s t h e user to en t e r a s i ng l e CI s t a t e m e n t f r o m 
t h e t e r m i n a l . T h i s s t a t e m e n t is i m m e d i a t e l y parsed ( i n c l u d i n g m a c r o p r o c e s s i n g ) 
a n d e x e c u t e d in t h e c o n t e x t of t h e INTERFRET func t i on be fore c o n t r o l i s r e t u r n e d 
t o t h e c o m m a n d c o n t a i n i n g t h e INTERPRET command . T h e INTERPRET f u n c t i o n i n 
e f f e c t p e r f o r m s a r e c u r s i v e cal l u p o n t h e command i n t e r p r e t e r . T h e v a l u e of t h e 
INTERPRET f u n c t i o n is t h a t of t h e s t a t emen t it eva lua t e s . 

2 0 . 3 . 1 0 OVE - O b j e c t V a l u e d E x p r e s s i o n s ( C a p a b i l i t i e s ) 

T h e m a j o r p o w e r and u t i l i t y of t h e command i n t e r p r e t e r is i t s a b i l i t y t o d e a l 
w i t h H y d r a s t y l e objec ts . The c o m m a n d language con t a in s c o m m a n d s for a c c e s s e s 
i n t o o r o u t of t h e ca t a logue s t r u c t u r e or o the r Hydra ob jec t s . T h e c a t a l o g u e 
p r o c e d u r e s n o t i m p l e m e n t e d s y n t a c t i c a l l y are eas i ly a v a i l a b l e b y n a m e . F o r 
i n f o r m a t i o n on t h e c u r r e n t s y s t e m cata logues , see SYSDIR.D0C[N810HY97] . 

T h e f o l l o w i n g sec t ions descr ibe t h e valid syn t ac t i c f o r m s . D y n a m i c t y p e a n d 
r i g h t s c h e c k i n g a r e employed to va l ida te t h e semant ics of each e x e c u t i o n i n s t a n c e . 

ove : : = ove l | ove l r t s r e s t r i c t | invocation | c o n s t r u c t o r 

o v e l : : = ove l . p3 | d i r i d | ovel . d i r id | capavar iable 

d i r i d : : = i d e n t i f i e r | s t r i n g 

r t s r e s t r i c t : := [ r t s p e c s ] 

r t s p e c s : : = auxrts | auxrts , | , k e i n e l r t s | auxrts . k e r n e l r t s 

k e r n e l r t s : := s implexpress ion 

a u x r t s : : = s implexpress ion 

An Object Va lued Express ion (ove) is a command l a n g u a g e s t a t e m e n t t h a t h a s 
a H y d r a o b j e c t as i t s r e s u l t . T h i s object can be ass igned to o t h e r o b j e c t s (o r 
c a p a b i l i t y v a r i a b l e s ) or can i t se l f be assigned in to . , . 

2 0 . 3 . 9 
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T h e s i m p l e s t f o r m of an ove is an object or c a t a l o g u e "path" , w h i c h c o n s i s t s 
o f a q u a l i f i e d n a m e p a t h , e.g. 'A.B.C or ' ^ A . 1.2.3 ' . Names can be u s e d o n l y f o r 
l o o k u p s i n c a t a l o g u e s and n u m b e r s o n l y for ob jec t p a t h s . To l o o k u p numbef r s i n 
c a t a l o g u e s , p u t t h e m i n quo t e s . 

N o t e t h a t e a c h q u a l i f i e r m a y be an e x p r e s s i o n . Names r e p r e s e n t t h e m s e l v e s , 
t h u s t h e p a t h A.B.C is i den t i ca l to t h e pa th @ .AVBVC\ T h e @ is n e c e s s a r y t o i n f o r m 
t h e c o m m a n d i n t e r p r e t e r t h a t 'A1 is a ca t a logue n a m e , n o t a s t r i n g . If t h e v a r i a b l e 
&A h o l d s t h e c a p a b i l i t y for a ca ta logue , t h e n t h e p a t h &A.B.C uses t h e c a t a l o g u e 
s e l e c t e d b y &A as t h e root of t h e ca ta logue p a t h . If &A is a WORD.VEC, a n d c o n t a i n s 
t h e s t r i n g 'GORP' i n b y t e s 1 t h r o u g h 4 , t h r n t h e p a t h &A[1,4].B.C is e q u i v a l e n t t o 
t h e p a t h 'GORP'.B.C or GORP.B.C. The use of s e l f - q u o t i n g n a m e s is v a l u a b l e , b u t 
l e a d s t o p r o b l e m s w h e n " reserved" c o m m a n d i n t e r p r e t e r s y m b o l s a r e u s e d ; i f a 
u s e r * w i s h e s to h a v e a qua l i f i e r called EVAL ( w h i c h is a r e s e r v e d c o m m a n d 
i n t e r p r e t e r f u n c t i o n ) t h e pa th qannot be specif ied as MUMBLE.EVAL.GORP s i n c e 
t h e c o m m a n d i n t e r p r e t e r w i l l a t t emp t to e v a l u a t e EVAL and i s sue some e r r o r a b o u t 
i n s u f f i c i e n t p a r a m e t e r s ; t h e pa th m u s t be specif ied as MUMBLE.'EVAL'.GORP. 

T h e a c t u a l v a l u e of an ovel m a y be e i t h e r a c a p a b i l i t y or a o n e w o r d 
n u m e r i c q u a n t i t y . T h e e v a l u a t i o n of an ove 7 u p to t h e last q u a l i f i e r m u s t r e s u l t 
i n a c a p a b i l i t y . H o w e v e r t h e last qua l i f i e r , if n u m e r i c , spec i f ies e i t h e r a 
c a p a b i l i t y , w i t h a pos i t ive v a l u e , or a w o r d f rom t h e da ta pa r t , w i t h a n e g a t i v e 
v a l u e . 0 i s a l w a y s i nva l i d . 

E x a m p l e 

N o t e t h a t e a c h l eve l of qua l i f i ca t ion can be an exp re s s ion , If w e d e s i g n a t e 
t h e l a s t e x p r e s s i o n as < k , t h e n t h e express ion X.Y. 1 h a s t h e e v a l u a t i o n : 

< k > 0 - r e fe r s to t h e object r e f e r enced b y t h e *j<th c a p a b i l i t y i n 
t h e object r eached b y t h e p a t h 'X .Y.T. 

< k < 0 - r e fe r s to t h e - ( ( k ) t h w o r d of t h e data pa r t of t h e o b j e c t 
r eached by t h e p a t h 'X .Y. l ' . 

<k = 0 - gene ra t e s an e r ro r . 

Al l ovel's s t a r t f rom e i t h e r an c a p a b i l i t y v a r i a b l e or f rom t h e d e f a u l t 
c a t a l o g u e r e f e r e n c e . The de fau l t ca ta logue m a y be set b y t h e u se r and i n i t i a l l y i s 
t h e u s e r ' s t op l e v e l ca t a logue , as r e t u r n e d b y $L0GIN. It is s tored in t h e p r e d e f i n e d 
CL v a r i a b l e &USERDIRECTORY. 

T h e rtsrestrict c o n s t r u c t p e r m i t s t h e r e s t r i c t i o n of t h e " r i g h t s " of a 
c a p a b i l i t y . T h e r i g h t s of a capab i l i t y i nd ica t e w h i c h k e r n e l f u n c t i o n s a n d t y p e -
d e p e n d e n t o p e r a t i o n s m a y be per formed u p o n t h a t c apab i l i t y and t h e o b j e c t i t 
r e p r e s e n t s . For a de ta i led exp l ana t i on of r i g h t s see t h e Hydra Refe rence M a n u a l . 
U n f o r t u n a t e l y a t t h e m o m e n t , Augus t 15 , 1 9 7 7 , t h e s y m b o l s w h i c h d e f i n e t h e 
r i g h t s a r e n o t a v a i l a b l e w i t h i n t h e comm;md i n t e r p r e t e r . Users w h o w i s h t o u s e 
t h e r i g h t s - r e s t r i c t i o n c o n s t r u c t m u s t f i r s t d e t e r m i n e t h e abso lu t e o c t a l v a l u e s 
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n e c e s s a r y . Pa t M c G e h e a r t y has t h o u g h t f u l l y p r o v i d e d a c o m m a n d o b j e c t ca l l ed 
RIGHTS, w h i c h w h e n e x e c u t e d def ines t h e v a l u e s of t h e K e r n e l r i g h t s . It 
c u r r e n t l y r e s i d e s a t &SYSDIRECTORY.PUBLIC.PM 10.RIGHTS. To d e t e r m i n e t h e 
v a l u e s of t h e r i g h t s f ie lds for Kernel objects , see sec t ion RTS.REQ[N811HY97] . 

2 0 . 3 . 1 1 I n v o c a t i o n s 

One of t h e m o s t i m p o r t a n t func t ions in t h e H y d r a e n v i r o n m e n t i s t h e H y d r a 
P r o c e d u r e Call . T h e Hydra Call a l l ows t h e access r i g h t s of an ob jec t to be c h a n g e d 
so t h a t s e c u r e o p e r a t i o n s m a y be per formed u p o n t h e ob jec t s . T h e CI a l l o w s a Ca l l 
b y m e a n s of a n i n v o c a t i o n - w h i c h has t h e s y n t a c t i c f o r m of a n Algol p r o c e d u r e 
c a l l a n d i s s i m i l a r t o t h e p r o c e d u r e call f rom a BLISS p r o g r a m . 

i n v o c a t i o n : : = ove l ( actualparm] i s t ) | procname ( actualparml 1 s t ) 

a c t u a l p a r m l 1 s t : := empty | actualparm | a c t u a l p a r m l i s t , actualparm 

actualparm : : = block | compound | ovel | s implexpress ion 

procname : : = cifunctionname | kernelfunctionname | subsystemprocedurename 

T h e ci functionname names one of t h e spec ia l c o m m a n d i n t e r p r e t e r 
f u n c t i o n s d e f i n e d i n sec t ion 2 0 . 4 . 

# T h e ovel m u s t e v a l u a t e to a Hydra p r o c e d u r e object or a c o m m a n d o b j e c t . 
T h e p a r a m e t e r s to t h e i n v o c a t i o n are eva lua ted to t h e i r s imples t f o r m , c a p a b i l i t i e s , 
n u m e r i c q u a n t i t i e s or s t r i n g s . The pa rame te r s for a Hydra p r o c e d u r e ca l l a r e a l l 
m a d e i n t o c a p a b i l i t i e s , i.e. a n u m e r i c or a s t r i n g q u a n t i t y is m a d e i n t o a da t a o b j e c t 
i n o r d e r to be passed . Severa l n u m e r i c or s t r i n g q u a n t i t i e s m a y be c o n c a t e n a t e d 
i n t o o n e da ta ob jec t by u s i n g t h e special c o m m a n d i n t e r p r e t e r ' f u n c t i o n 
S3TACKDATA w h i c h t r a n s f o r m s i ts a r g u m e n t s i n t o one da ta ob jec t . $STACKDATA 
i s a r e l a t i v e l y n e w f u n c t i o n . It is i n t ended to r ep lace CALLDATA (See n e x t 
p a r a g r a p h ) . $STACKDATA does not r everse t h e o rder of i t s a r g u m e n t s . C u r r e n t l y , 
$STACKDATA o n l y w i l l w o r k as a pa rame te r to an i n v o c a t i o n . At s o m e f u t u r e 
t i m e , t h i s r e s t r i c t i o n m a y be removed . 

CALLDATA h a s a n o n - o b v i o u s p e r v e r s i t y w h i c h m a k e s , i t s u s e c o m p l e x 
i n s o f a r as t h e s u b s y s t e m des igner is concerned . CALLDATA r e v e r s e s t h e o r d e r o f 
i t s a r g u m e n t s . T h u s CALLDATA (1 ,2 ,3) c rea tes a data object w h o s e f i r s t w o r d i s 3 , 
w h o s e second w o r d is 2 , and w h o s e t h i r d w o r d is 1. W a r n i n g t o u s e r s : i f a 
d o c u m e n t says to pass a r g u m e n t s as CALLDATA( 1,2,3) t h e n do so! Don' t t h i n k t h a t 
y o u h a v e to r e v e r s e t h e m . The poor g u y w h o w r o t e t h e s u b s y s t e m a l r e a d y h a d t o 
w o r r y a b o u t t h a t , and h e expec t s a d a t i object w i t h a r g u m e n t s i n t h e o r d e r 
( 3 , 2 , 1 ) . H o w e v e r , if y o u p lan to call a p r o c e d u r e f rom a BLISS p r o g r a m , y o u h a v e 
t o r e v e r s e t h e m f r o m t h e CALLDATA c o n v e n t i o n . 

If t h e i n v o c a t i o n object is of type Commands , a r e c u r s i v e ca l l u p o n t h e 
c o m m a n d i n t e r p r e t e r is pe r fo rmed and t h e object is used as t h e i n p u t s o u r c e f o r 
o n e o r m o r e s t a t e m e n t s . Those pa r ame te r s w h i c h a re n o t c a p a b i l i t i e s a r e 
c o n v e r t e d i n t o d a t a ob jec t s . If a s t r i n g w i t h an odd n u m b e r of c h a r a c t e r s is p a s s e d 
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a s a p a r a m e t e r , a ze ro b y t e is added to fi l l ou t t h e w o r d . T w o v a r i a b l e s of t y p e 
CAPA a r e d e c l a r e d : &CDOPARM and &PARMS. The i r scope is t h e c o m m a n d o b j e c t 
s t a t e m e n t . If t h e i n v o k i n g object is of type Commands t h e n &CDOPARM c o n t a i n s a 
c a p a b i l i t y for a n ob jec t w i t h t h e C-List of t h e Commands . &PARMS is a u n i v e r s a l 
o b j e c t w h i c h h o l d s t h e p a r a m e t e r s in i t s C-List. To ge t da ta f r o m t h e d a t a o b j e c t s 
i n &PARMS, see t h e sec t ion on M u l t i p l e Ass ignments , 2 0 . 3 . 1 2 . 

An i n v o c a t i o n can also cal l command l a n g u a g e or H y d r a k e r n e l f u n c t i o n s . 
T h e c o m m a n d l a n g u a g e f u n c t i o n s are def ined in sec t ion 2 0 . 4 a n d t h e 
k e r n e l f u n c t i o n s a r e de f ined in t h e Hydra Reference M a n u a l . P a r a m e t e r s to t h e s e 
i n v o c a t i o n s a r e e v a l u a t e d i n t o s t r ings , n u m e r i c q u a n t i t i e s o r c a p a b i l i t i e s a n d 
p a s s e d w i t h o u t f u r t h e r t r a n s f o r m a t i o n . A special f e a t u r e of w o r d v e c s a l l o w s 
a d d r e s s e s to be passed to k e r n e l cal ls . If a va r i ab le of t y p e w o r d v e c w i t h o u t a n y 
s p e c i f i e r i s u s e d i n a k e r n e l cal l , t h e n t h e w o r d v e c is copied i n i t s e n t i r e t y to t h e 
s t a c k p a g e a n d t h e a d d r e s s of t h e w o r d v e c in t h e s t a c k page is u s e d i n t h e k e r n e l 
c a l l . A f t e r t h e k e r n e l ca l l , t h e w o r d v e c is copied back to i t s n o r m a l l o c a t i o n . 

E x a m p l e s 

Wordvec &A.5; 
$GETDATA(&A fTEST.3.5) 

T h e a b o v e e x a m p l e w i l l g e t t h e 3 rd t h r u 7 t h w o r d of t h e da ta p a r t of TEST a n d p u t 
i t i n t o &A. For d a t a p a r t s l a rge r t h a n 2 w o r d s , t h e m e t h o d is m o r e e f f i c i e n t t h a n 
t h e TEST. -n c o n s t r u c t . A m a x i m u m of 5 1 2 w o r d s a re ava i l ab le for t h i s p u r p o s e a t 
a n y g i v e n t i m e . C a u t i o n : s ince t h e CL c u r r e n t l y does no t c h e c k p a r a m e t e r s f o r 
v a l i d i t y , t h e u n s u s p e c t i n g use r can eas i ly h a n g h i s / h e r CL b y an i n c o r r e c t k e r n e l 
c a l l . T h e r e s u l t of an i n v o c a t i o n m a y be a n u m e r i c q u a n t i t y , a c a p a b i l i t y , m u l t i p l e 
c a p a b i l i t i e s , o r a n u m e r i c q u a n t i t y and m u l t i p l e capab i l i t i e s . K e r n e l a n d CI 
f u n c t i o n s h a v e a r e t u r n v a l u e w h i c h is f u n c t i o n - d e p e n d e n t , u s u a l l y j u s t a 
n u m e r i c q u a n t i t y . A p r o c e d u r e cal l r e t u r n s a n u m e r i c q u a n t i t y and- ( p o s s i b l y ) 
s e v e r a l c a p a b i l i t i e s . T h i s is t rea ted s i m i l a r l y to an objec t {see M u l t i p l e 
A s s i g n m e n t s , 2 0 . 3 . 1 2 ) e x c e p t t h a t a r e f e r ence can no t be a s s i g n e d t o a n 
c a p a b i l i t y v a r i a b l e . A c o m m a n d object has an e x p l i c i t n u m e r i c v a l u e a n d m a y 
r e t u r n v a l u e s i n g l o b a l v a r i a b l e s as w e l l . 

2 0 . 3 . 1 2 M u l t i p l e a s s i g n m e n t s 

In t h e H y d r a e n v i r o n m e n t it is useful to e x t e n d t h e n o t i o n of a s s i g n m e n t of 
c a p a b i l i t i e s f r o m t h e one to one mapp ing n o r m a l l y t h o u g h t of as a s s i g n m e n t to t h e 
a s s i g n m e n t of t h e c o n s t i t u e n t pa r t s of an object . T h i s t y p e of a s s i g n m e n t w o u l d 
i n o n e o p e r a t i o n , a s s ign capab i l i t i e s f rom t h e c a p a b i l i t y l i s t and d a t a f r o m t h e d a t a 
p a r t t o v a r i a b l e s a n d t h e ca t a logue s t r u c t u r e . 

massignment : : = namel i s t = ove 

n a m e l i s t : : = name | namel is t , name 
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T h e s e m a n t i c i n t e n t of t h i s a s s ignmen t is to ass ign, i n le f t to r i g h t o r d e r , t h e 
c o m p o n e n t s of t h e ove to t h e named q u a n t i t i e s on t h e lef t of t h e '=*. S u c c e s s i v e 
w o r d s or b l o c k s of w o r d s in t h e data par t are assigned to t h e WORD or WORDVEC 
v a r i a b l e s and s u c c e s s i v e capab i l i t i e s f rom t h e capab i l i t y l i s t of t h e ove a r e 
a s s i g n e d to t h e c a p a b i l i t y va r i ab le s or O r e l ' s . If t h e a s s i g n m e n t s r e q u i r e m o r e 
c a p a b i l i t i e s or da t a t h a n is ava i l ab le , nu l l w o r d s (0) a re u s e d fo r d a t a a n d n u l l 
c a p a b i l i t i e s a r e u sed for t h e excess ive capabi l i t ies . 

In p r a c t i c e , mos t u s e r s a re h o r r i b l y confused abou t t h e d i f f e r e n c e b e t w e e n = 
a n d A good r u l e of t h u m b is t h a t one shou ld USE M =" WHEN ASSIGNING THE 
RESULT OF A INVOCATION and USE "«-•• WHEN ASSIGNING THE RESULT OF A 
DIRECTORY LOOKUP OR SIMPLE VALUE ASSIGNMENT. 

If t h e ove w a s a s i m p l e object t h e n a m u l t i p l e a s s i g n m e n t c o u l d be s i m u l a t e d 
b y a s e r i e s of s i m p l e a s s i g n m e n t s . H o w e v e r if t h e ove w e r e a n i n v o c a t i o n 
r e t u r n i n g s e v e r a l capab i l i t i e s t h e n t h e opera t ions could n o t be s i m u l a t e d b y s u c h a 
s e q u e n c e . 

E x a m p l e s 

CAPA &A.&B; 
WORD & W 1 , &W2; 
WORDVEC &V.3 
&A.&W1 ,&V,X.Y f&B,&W2=G0RP 

7. this is the same as the simple 
0 A ^ . assignments 7. 
&A«-G0RP.l 
&W1<-G0RP.-1 
&V.l«-G0RP.-2 
&V.2*-G0RP.-3 
&V.3<-G0RP.-4 
X.Y*-G0RP.2 
&B«-G0RP.3 
&W2«-GORP.-5 

2 0 . 4 . C o m m a n d L a n g u a g e F u n c t i o n s 

T h e C o m m a n d L a n g u a g e p rov ides severa l f u n c t i o n s a n d v a r i a b l e s w h i c h 
s e r v e a v a r i e t y of p u r p o s e s . 

CALLDATA(p j , ... P n ) 
E v a l u a t e s each pa rame te r p j , w h i c h m u s t e v a l u a t e t o a 
s imp le 1 6 - b i t v a l u e or a s t r i ng . These a r e t h e n u s e d to c r e a t e 
a da ta object c o n t a i n i n g t h e pa rame te r s i n t h e o r d e r P n , . . . , P i . 
Rlease. no t e t h i s r eversa l if y o u are w r i t i n g a p r o c e d u r e 
w h i c h e x p e c t s a daU\ object . A s t r i n g of m c h a r a c t e r s w i l l 
o c c u p y ( m + l ) / 2 w o r d s in t h e data ob jec t . If m is odd , t h e 
e m p t y b y t e w i l l be a zero. 

$STACKDATA(p p n ) 
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Same as CALLDATA. excep t i t does no t r e v e r s e i t s p a r a m e t e r s . 

UNDECLARE(pj , .... p n ) 
Removes t h e mos t r ecen t dec la ra t ion of t h e s p e c i f i e d 
p a r a m e t e r s f r om t h e symbo l tab le and r e t u r n s t h e i r s t o r a g e t o 
t h e f r e e space l i s t . I ts r e t u r n v a l u e is t h e n u m b e r o f 
d e c l a r a t i o n s succes s fu l ly r e m o v e d . 

INTERPRETO 
Gets a s t a t e m e n t f rom &TTYPORT and e x e c u t e s i t . T h e . v a l u e 
is w h a t e v e r v a l u e is r e t u r n e d b y t h e s t a t e m e n t e v a l u a t e d . 
N o r m a l l y , t h i s f u n c t i o n is used ins ide of c o m m a n d o b j e c t s . 

ACCEPTO 
Accepts a l i n e of i n p u t f rom &TTYPORT and r e t u r n s i t a s a 
s t r i n g . If n o pa r ame te r is specif ied, or i t s p a r a m e t e r i s 1, 
t h e n t h e b r e a k c h a r a c t e r is r emoved f rom t h e s t r i n g . If t h e 
p a r a m e t e r is 0, t h e b r e a k c h a r a c t e r is i n c l u d e d i n t h e s t r i n g . 

E V A L ( s t r ) 
E v a l u a t e s t h e s t r i n g - v a l u e d p a r a m e t e r as a c o m m a n d 
i n t e r p r e t e r s t a t e m e n t . 

DECLARATION ( s t r ) 
If t h e s t r i n g - v a l u e d pa r ame te r is t h e n a m e of a d e c l a r e d 
v a r i a b l e , t h e n t h e v a l u e of t h i s f u n c t i o n is a n i n t e g e r g r e a t e r 
t h a n 0 . If t h e n a m e h a s not ye t been dec la red , t h e v a l u e i s 0 . 
T h e v a l u e s a re no t g i v e n h e r e because t h e y m i g h t c h a n g e ; i f 
y o u w i s h to c h e c k t h e t y p e of a dec la ra t ion , d e c l a r e a d u m m y 
v a r i a b l e of a k n o w n type , and see if DECLARATION of y o u r 
d u m m y v a r i a b l e is t h e same as DECLARATION of t h e v a r i a b l e 
y o u a r e c o n c e r n e d w i t h . 

$VERSION() 
R e t u r n s t h e c u r r e n t ve r s ion as a s t r i n g . 

ERRMESS ( v a l ) 
If t h e v a l u e of t h e pa rame te r is an i n t e g e r w h i c h i s a v a l i d 
e r r o r message code, t h e t e x t of t h e e r r o r message i s p r i n t e d . 
T h i s is u s e f u l if fu l l e r ro r message p r i n t o u t w a s s u p p r e s s e d 
b y use of &LISTERROR, see sec t ion 2 0 . 5 . 3 . 

HUH() 
P r i n t t h e last e r ro r message in e x t e n d e d f o r m . T h i s a l s o i s 
u s e f u l if f u l l e r ro r message p r i n t o u t w a s s u p p r e s s e d b y u s e 
of &LISTERROR, see sec t ion 2 0 . 5 . 3 . 

BLKBEGINO 
Declare a d y n a m i c c o n t e x t w i t h i n t h e c u r r e n t s t a t i c c o n t e x t ; 
see sec t ion 2 0 . 3 . 5 . 

BLKENDO 
2 0 . 4 
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Leave a d y n a m i c con t ex t declared b y BLKBEGIN; see s e c t i o n 
2 0 . 3 . 5 . 

PRCAPA(ove ) 
P r i n t s app rop r i a t e i n fo rma t ion abou t the c a p a b i l i t y o b t a i n e d 
f rom e v a l u a t i n g t h e o v e , as d e t e r m i n e d f r o m t h e K e r n e l 
WHAT cal l (see t h e Hydra Reference M a n u a l ) . 

P R S Y M ( c l n a m e ) 
P r i n t s some i n t e r n a l i n fo rma t ion a b o u t t h e v a r i a b l e g i v e n as 
a p a r a m e t e r (no q u o t i n g is done, so m a c r o s a r e e x p a n d e d 
y o u can ' t PRSYM a macro n a m e d i r e c t l y ) . To PRSYM a m a c r o 
n a m e , u s e a quoted s t r i ng w i t h t h e n a m e i n u p p e r c a s e 
l e t t e r s . Mos t l y of v a l u e to command i n t e r p r e t e r d e b u g g e r s , 
b u t u s e r s m a y f ind it h a n d y . 

G E T M E M ( a d d r e s s ) 
If t h e exp res s ion g i v e n as t h e p a r a m e t e r e v a l u a t e s t o a n 
i n t e g e r in t h e r ange (decimal) 6 4 to 1 2 8 , t h e v a l u e of 
GETMEM is t h e con ten t s of t h a t loca t ion i n t h e s t a c k p a g e . If 
t h e address is odd, an e r ror message w i l l be g i v e n . 

P U T M E M ( a d d r e s s , v a l u e ) 
If t h e exp re s s ion g iven as t h e f i rs t p a r a m e t e r e v a l u a t e s t o a n 
i n t e g e r i n t h e r ange (decimal) 6 4 to 1 2 8 , t h e n t h a t l o c a t i o n 
in t h e s t a c k page is set to t h e v a l u e o b t a i n e d f r o m e v a l u a t i n g 
t h e second pa rame te r . If t h e address is odd, a n e r r o r m e s s a g e 
w i l l be i ssued. 

D E L E T E ( o v e ) 
If ove is a local capabi l i ty , i t w i l l be d e l e t e d a n d t h e c a p a 
re leased . If i t is a pa th , t h e last e l e m e n t of t h e p a t h w i l l b e 
de le ted . Note t h a t t h e k e r n e l f u n c t i o n $DELETE(ove) d o e s 
no t h a v e t h e expected effect . In t h i s case , t h e o v e i s e v a l u t e d 
b y t h e c o m m a n d l anguage and t h e r e s u l t i n g loca l capa i s 
de le ted , e f f ec t i ve ly a no-op . 

T Y P E C A L L ( o b j e c t , p a r m s ) 
W i l l do a STYPECALL accord ing to t h e t y p e of ob j ec t , p a s s i n g 
p a r m s as p a r a m e t e r s . 

B A S E C A L L ( i n d e x , p a r m s ) 
W i l l do a $BASECALL of t h e specif ied i n d e x , p a s s i n g p a r m s as 
p a r a m e t e r s . 

2 0 . 4 
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2 0 . 5 . P r e d e c l a r e d v a r i a b l e s 

2 0 . 5 . 1 D i r e c t o r i e s 

&SYSDIRECTORY 
Var iab le w h i c h con ta ins a c a p a b i l i t y for t h e s y s t e m 
ca t a logue . 

& USERDIRECTORY 
Var iab le w h i c h con ta in s a c a p a b i l i t y for t h e u s e r ' s c a t a l o g u e . 
If a c a t a logue p a t h n a m e does n o t s t a r t w i t h a c a p a b i l i t y f o r a 
ca ta logue , &USERDIRECTORY is u sed , e.g., t h e p a t h 'A.B' i s 
i den t i ca l to t h e p a t h ,*cUSERDIRECTORY.A.B\ 

2 0 . 5 . 2 I / O c o n t r o l 

&TTYPORT 
Variable w h i c h con ta in s a c a p a b i l i t y for t h e i n i t i a l p o r t 
w h i c h is connec ted to t h e t e r m i n a l . 

&TTYCON 
Variable w h i c h con ta ins a c a p a b i l i t y for t h e c o n n e c t i o n t o 
&TTYP0RT. 

& RADIX 
The r a d i x used for c o n v e r t i n g n u m b e r s w i t h o u t a # s y m b o l 
on i n p u t ( i n i t i a l l y t en ) . 

ScRADIXIN 

C u r r e n t i n p u t r a d i x for # type n u m b e r s ( i n i t i a l l y e i g h t ) . 

&RADIXOUT 
C u r r e n t o u t p u t r a d i x ( i n i t i a l l y t e n ) . T h i s r a d i x is u s e d f o r 
all o u t p u t c o n v e r s i o n s of n u m b e r s . 

2 0 . 5 . 3 I n t e r a c t i o n c o n t r o l 

&LISTERROR 
If set to " t rue" , fu l l e r ro r messages w i l l p r i n t . If s e t t o 
"false", o n l y t h e e r ro r message code i t se l f w i l l p r i n t . See t h e 
ERRMESS f u n c t i o n in sect ion 2 0 . 4 . I ts i n i t i a l v a l u e is " t r u e " . 

2 0 . 5 
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&PSIGNAL 
If set to " t rue" , a Hydra s ignal w i l l p r i n t a m e a n i n g f u l 
de sc r ip t i on as w e l l as t h e e r ro r n u m b e r . If s e t t o " fa l se" , o n l y 
t h e n u m b e r w i l l be p r in t ed . I ts i n i t i a l v a l u e i s " t r u e " , 

&PRINT VALUE 
If set to M t r u e " , t h e v a l u e of t h e last s t a t e m e n t e x e c u t e d w i l l 
p r i n t o u t before t h e use r is p rompted for t h e n e x t i n p u t l i n e . 
If "false" t h i s t y p e o u t w i l l be suppressed , a n d t h e v a l u e m u s t 
be e x p l i c i t l y p r in t ed by t h e use r if r e q u i r e d . I t s i n i t i a l v a l u e 
is " t r u e " . 

&PRTSTACK 
If " t r u e " , v a r i o u s s ta te i n f o r m a t i o n a b o u t t h e i n t e r p r e t e r 
s t a c k is p r i n t e d w h e n an e r ro r occur s . If " fa l se" t h e p r i n t o u t 
is suppressed . Th i s is p r i m a r i l y for u s e b y p e o p l e d e b u g g i n g 
t h e i n t e r p r e t e r , so i t s in i t i a l v a l u e is "false" . 

&NOCRLF 
Cont ro l s t h e effects of ca r r iage r e t u r n l i n e f e e d (CRLF) a n d t 
i n s ide of s tored p rograms . If &N0CRLF is 1 t h e n CRLF is n o t a 
s t a t e m e n t t e r m i n a t o r inside of s tored p r o g r a m s . Also , t i s n o t 
a c o n t i n u a t i o n symbol . Th i s f e a t u r e a l l o w s r e a s o n a b l e 
i n d e n t a t i o n and spac ing ins ide of s t o r e d p r o g r a m s . If 
&NOCRLF is 2 t h e n CRLF is not a s t a t e m e n t t e r m i n a t o r i n s i d e 
of s tored p r o g r a m s b u t t acts as a c o n t i n u a t i o n s y m b o l . T h i s 
f e a t u r e w a s provided to a l l o w a t r a n s i t i o n b e t w e e n t h e o ld 
w a y and t h e n e w w a y . If &N0CRLF is 0 t h e n CRLF a c t s as a 
s t a t e m e n t t e r m i n a t o r and t acts as a c o n t i n u a t i o n s y m b o l . 
T h i s is t h e old w a y . The defau l t for &N0CRLF is 1. S y s t e m 
c o m m a n d s a s sume t h a t ScNOCRLF is 1. 

& REDECL ARE 
Cont ro l s t h e ac t ion t aken w h e n a n e w v a r i a b l e i s r e d e f i n e d 
at t h e same b lock level as an e x i s t i n g v a r i a b l e w i t h t h e s a m e 
n a m e . If i t is 0 then dele te t h e old d e f i n i t i o n a t t h i s l e v e l , 
p r i n t w a r n i n g . If i t is 1 t h e n de le te t h e old d e f i n i t i o n a n d 
c o n t i n u e (no w a r n i n g ) . If i t is 2 t h e n s t a c k t h e o ld 
d e f i n i t o n , and c o n t i n u e . If i t is 3 ask &TTYPORT w h e t h e r 1 
or 2 is appropr i a t e . The de fau l t is 0. 

2 0 . 5 . 4 M i s c e l l a n y 

&RETVAL 
V a l u e of t h e last jn voca t ion of a p r o c e d u r e o r k e r n e l 
f u n c t i o n , or ca ta logue l ookup . 

&RETCAPA 
# of capab i l i t i e s r e t u r n e d in t h e last ca l l . 

2 0 . 5 . 3 
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&CDOPARM 
W h e n a s tored p r o g r a m is i n v o k e d , t h e v a r i a b l e &CDOPARM 
c o n t a i n s a capab i l i t y f or t h e s tored p r o g r a m . 

& P A R M S 
W h e n a s tored p r o g r a m is i n v o k e d , t h e v a r i a b l e &PARMS i s a 
u n i v e r s a l object c o n t a i n i n g t h e a c t u a l p a r a m e t e r s o f t h e 
i n v o c a t i o n . See sec t ion 2 0 . 3 . 1 1 . 

&COPYCPS 
Con ta in s a safe CPS slot for page copy ing , e t c . 

20.6. C o m m a n d s 

C o m m a n d s a re a p ro t ec t ed t y p e ir> Hydra m a i n t a i n e d b y t h e c o m m a n d 
l a n g u a g e . T h e y p r o v i d e a m e a n s for u s e r s to c rea te and save s to red p r o g r a m s i n 
t h e c o m m a n d l a n g u a g e . T h e r e ex i s t p redef ined t ype ca l l s to c r e a t e a n d m o d i f y 
C o m m a n d s . 

$ M a k e c m d ( ) w i l l c r e a t e and r e t u r n a n e w Commands object . 

$ C o p y c m d ( C m d ) w i l l c r e a t e a copy oi Cmd and r e t u r n i t . 

S E d i t c m d ( C m d ) w i l l ed i t a Cmd w i t h t h e C.mmp teco ed i to r . 

$ L i s t c m d ( C m d ) w i l l l i s t Cmd on t h e l i n e p r i n t e r . 

$ P r i n t c m d ( C m d ) w i l l p r i n t a Cmd on t h e t e r m i n a l . 

$ R e a d t e x t ( c m d ) w i l l r e t u r n a u n i v e r s a l w i t h one page in i t s c l i s t w h i c h 
c o n t a i n s t h e t e x t of t h e c m d . 

$ W r i t e t e x t ( c m d , u n v ) w r i t e s t h e t e x t of t h e cmd f rom thq page i n t h e f i r s t 
s l o t of t h e c l i s t of u n v . 

^ $ R e a d c l i s t ( c m d ) r e t u r n s a u n i v e r s a l c o n t a i n i n g t h e capab i l i t i e s t h a t w o u l d 
b e a v a i l a b l e in an i n v o c a t i o n of Cmd. 

$ W r i t e c l i s t ( C m d , U n v ) m a k e s t h e capabi l i t i es in U n v t h e o n e s t h a t a r e 
a v a i l a b l e in an i n v o c a t i o n of Cmd (as &CD0PARM). 

See a lso t h e e a r l i e r sec t ion on i n v o c a t i o n s for more i n f o r m a t i o n a b o u t 
C o m m a n d s . 
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2 0 . 7 - K n o w n B u g s 

S i n c e t h e c o m m a n d i n t e r p r e t e r f o rms t h e use r s ' p r i m e i n t e r f a c e t o H y d r a , i t 
h a s b e e n w o r k e d o v e r p r e t t y t h o r o u g h l y and most b u g s h a v e b e e n r e m o v e d . 
H o w e v e r , s o m e c r e e p i n w i t h n e w releases and o t h e r s go a w a y . ( F o r t u n a t e l y i t i s 
n o w h e r e n e a r " c r i t i c a l mass" , t h e p h e n o m e n o n w h e r e r e m o v i n g o n e b u g 
i n t r o d u c e s l+€ b u g s ) . S ince b u g s c h a n g e fas ter t h a n t h i s d o c u m e n t , t h e l i s t o f 
k n o w n b u g s w i l l be k e p t i n CLBUGS.DOC[N810HY97]. 
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2 0 . 8 . BISJF s u m m a r y 

S e c t i o n Def i n i t i o n 

2 0 . 3 . 1 1 actualparm block | compound | ovel | s implexpress ion 

2 0 . 3 . 1 1 actualparml 1st : : = empty | actualparm | actual parml 1st . a c t u a l p a r m 

2 0 . 3 . 6 ass ignment : : = name statement 

2 0 . 3 . 1 0 a u x r t s s implexpress ion 

2 0 . 3 . 5 b lock ::= BEGIN program END 

2 0 . 3 . 3 clname = & i d e n t i f i e r 

2 0 . 3 . 3 c l n a m e l i s t : : = clname | c l n a m e l i s t , clname 

2 0 . 3 . 3 c lnames ize clname s p e c i f i e r 

2 0 . 3 . 3 c lnames i ze l i s t clnamesize | c l n a m e s i z e l 1 s t .. c lnames ize 

2 0 . 3 . 5 compound ( program ) 

2 0 . 3 . 8 c o n d i t i o n a l : : = IF s implexpress ion THEN s tatement e l s e p a r t 

2 0 . 3 . 3 d e c l a r a t i o n ::= CAPA c l n a m e l i s t | WORD c l n a m e l i s t 

I WORDVEC c lnamesize l i s t 

2 0 . 3 . 1 0 d i r i d : : = i d e n t i f i e r | s t r i n g 

2 0 . 3 . 8 e l s e p a r t ::= ELSE statement | empty 

2 0 . 3 . 4 f i r s t c h a r : : = s implexpress ion 

2 0 . 3 . 3 formalparms : : = i d e n t i f i e r | formalparms , i d e n t i f i e r 

2 0 . 3 . 9 i / o TYPE o u t p u t l i s t | ACCEPTO | INTERPRETO 

2 0 . 3 . 1 1 i n v o c a t i o n ove l ( actualparml i s t ) | procname ( actualparml i s t ) 

2 0 . 3 . 7 i t e r a t i o n WHILE s implexpress ion DO s tatement 

2 0 . 3 . 1 0 k e r n e l r t s : : = s implexpress ion 

• 2 0 , 3 . 3 macrobody : : = s t r i n g v i t h o u t d c l l a r s i g n $ 

2 0 . 3 . 3 macrodec larat ion ::= MACRO macrodef i n i t i o n 
2 0 . 8 
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2 0 . 3 . 4 plO : : p9 | plO OR p9 

2 0 . 3 . 4 p2 :: = clname | clname s p e c i f i e r 

2 0 . 3 . 4 p3 :: = unsigned | + p3 | - p3 

2 0 . 3 . 4 p4 :: p3 | p4 t p3 

2 0 . 3 . 4 p5 :: p4 | p5 • p4 | p5 / p4 | p5 MOD p4 

2 0 . 3 . 4 p6 :. p5 | p6 + p5 | p6 - p5 

2 0 . 3 . 4 p7 : = p6 | p6 rel p6 

2 0 . 3 . 4 p8 : : = p7 | NOT p8 

2 0 . 3 . 4 p9 : : = p8 | p9 AND p8 

2 0 . 3 . 1 1 procname : : = cifunctionname | kernelfunctionname | subsystemprocedurename 

2 0 . 3 . 1 program : : = statement | program sep statement 

2 0 . 3 . 4 r e l EQL | NEQ | LSS | LEQ | GTR | GEQ ] EQLU | NEQU 
| LSSU | LEQU | GTRU | GEQU 

2 0 . 3 . 1 0 r t s p e c s : : = auxrts | auxrts . | . k e r n e l r t s I auxrts t k e r n e l r t s 

2 0 . 3 . 1 0 T t s r e s t r i c t : : = [ r t s p e c s ] 

2 0 . 3 . 1 sep : : = c a r r i a g e r e t u r n l i n e f e e d | ; 

2 0 . 8 

2 0 . 3 . 3 macrode f in i t i on : := macronamc = macrobody 

| macrodef in i t ion , macroname = macrobody 

2r0 .3 .3 macrold : : = i d e n t i f i e r | clname | contro l charac ter 

2 0 . 3 . 3 macroname : : = macrold | macro id ( formalparms ) 

2 0 . 3 . 1 2 massignment = namel i s t = ove 

2 0 . 3 . 6 name ove l | p2 

2 0 . 3 . 1 2 n a m e l i s t : : = name | namel i s t , name 

2 0 . 3 . 9 output s t r i n g | s implexpress ion 

2 0 . 3 . 9 o u t p u t l i s t output | o u t p u t l i s t , output 

2 0 . 3 . 1 0 ove : : = o v e l | ove l r t s r e s t r i c t | invocat ion | cons tructor 

2 0 . 3 . 1 0 o v e l : : = ove l . p3 | d i r i d | ove l . d i r i d | capavariable 
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2 0 . 3 

s implexpres s ion plO | s implexpress ion XOR plO 
| s implexpress ion EQV plO 

s p e c i f i e r : : = . p3 | [ s tr ing^pecs ] 

s p e c i f i e r : : = . p3 | [ s t r ingspecs ] 

s tatement c o n d i t i o n a l | dec lara t ion | macrodec larat ion | i t e r a t i o n 

{ compound | i / o | s t r ing | s lmpleexpress ion | ass ignment 
massignment | empty 

s t r i n g s i z e : : « s implexpress ion 

s t r i n g s p e c s : : = f i r s t c h a r ( f i r s t c h a r • | , s t r i n g s i z e I 
f i r s t c h a r . s t r i n g s i z e 

unsigned : : * p2 | numeric | compound | block | s t r i n g | i n v o c a t i o n | ove 
| s tatement 



Typecal l s u m m a r y I - 1 

T h i s a p p e n d i x s u m m a r i z e s t h e Typecal ls and t h e i r p a r a m e t e r s and p r o v i d e s a 
q u i c k r e f e r e n c e b o t h to t h e cal ls and to t h e i r de sc r ip t i ons in t h e m a n u a l . 

S C a t a D e l e t e ( Cata, NamePar ) 
S C a t a D e s t r o y ( Cata ) 
$ C a t a E n t e r ( Cata, NamePar , Source, Options ) 
$ C a t a L i s t ( Cata, TTYPort ) ] 
$ C a t a L o o k u p ( Val , Cata, NamePar ) 

1 9 - 6 
1 9 - 4 
1 9 - 5 
1 9 - 7 
1 9 - 4 

S C a t a O b j i n f o (Val , Cata) 
S C a t a P r o t e c t ( Cata, NamePar ) 
S C a t a R e n a m e ( Cata, NamePar , NewPar ) 
S C a t a U n p r o t e c t ( Cata, NamePar ) 
SCloseF i l e ( N e w F i l e , OpenFile, A b o r t ) 

1 9 - 4 
1 9 - 7 
1 9 - 6 
1 9 - 7 
2 1 - 8 

$ C o m p a r e F i l e ( F l , F2 ) 
$ C o n t r o l p m p r o c e s s ( Pros , Data ) 
S C o p y C a t a l o g u e ( NewCata , OldCata ) 
S C o p y F i l e ( N e w F i l e , OldFile, OPrName, Job ) 
SDASCONNECT (DIndex , JOB, PORT, IODevice, DATA ) 

2 1 - 1 1 
2 3 - 3 
1 9 - 3 
2 1 - 9 
2 4 - 3 

SDASDisconnec t ( DIndex , DEVCON ) 
$DASGetDC ( DIndex , IODevice ) 
$DASIODDisplay ( DIndex , IODevice ) 
$DASIODStatus ( DIndex , IODevice ) 
SDASMerge ( DIndex , IODevice 1,10Devic;e2 ) 

2 4 - 8 
2 4 - 5 
2 4 - 4 
2 4 - 5 
2 4 - 5 

SDASPConnec t ( DIndex , JOB, PORT, DEVCON, DATA ) 
$DASSConnec t ( DIndex , JOB, PORT, DEVCON, DATA ) 
SDASSelect ( DIndex , IODevice, DATA ) 
$DASXCONNECT (DIndex, JOB, PORT, 10] >evice, DATA ) 
$ D a t a p m p r o c e s s ( P ros ) 

2 4 - 7 
2 4 - 7 
2 4 - 6 
2 4 - 4 
2 3 - 5 

S D e s y n c h p m p r o c e s s ( Pros , Data ) 
SDi rToCa ta ( NewCa ta , OldDir ) 
$DISPLAY (DEVCON) 
S E d i t F i l e ( F i le , Por t , J o b , Options ) 
$ G e t p m (DIndex , J o b , Data ) 

2 3 - 3 
1 9 - 8 
2 4 - 8 

2 1 - 1 1 
2 2 - 2 

$ J o b e r r o r ( J o b , Data ) 
$ J o b i d ( J o b ) 
S J o b i d e n t ( DIndex , J o b ) 
S J o b i n s e r t ( J o b , SPa th ) 
S J o b n a m e ( DIndex , J o b ) 

2 2 - 4 
2 2 - 1 
2 2 - 1 
2 2 - 5 
2 2 - 2 

$ J o b r e m o v e ( J o b , SPa th , Data ) 
S J o b s e t e r r p o r t ( J o b , Por t ) 
S J o b s j c r e a t e ( DIndex , Job.Data ) 

2 2 - 6 
2 2 - 4 
2 2 - 7 

IV 

Appendix I:. Typecall summary 
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$ J o i n (DIndex , J o b , Po r t ) 2 2 - 3 
S K i l l p m p r o c e s s ( Pros ) 2 3 - 2 

$ L o g i n ( DIndex , J o b , Por t ) 2 2 - 3 
$ L o g o u t ( Po r t , Data, J o b ) 2 2 - 6 
$ M a k e C a t a l o g u e ( NewCata , CataRep ) 1 9 - 3 
$ M a k e F i l e ( N e w F i l e , OldFile, Job , OPrName) 2 1 - - 3 
S M a k e p m p r o c e s s (DIndex, PMtempl , Pros , J o b , a r g u m e n t s ) 2 3 - 1 

S M a k e p o r t ( J o b , Data ) 2 2 -- 5 
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