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ABSTRACT 

A s h o r t p r o o f o f t h e e q u i v a l e n c e o f s t a r - f r e e a n d g r o u p - f r e e r e g u l a r 

e v e n t s I s p o s s i b l e i f o n e i s w i l l i n g t o a p p e a l t o t h e K r o h n - R h o d e s m a c h i n e 

d e c o m p o s i t i o n t h e o r e m . 



1. INTRODUCTION 

The s t a r - f r e e e v e n t s are the f a m i l y of r e g u l a r e v e n t s e x p r e s s i b l e 

i n the extended language of r e g u l a r e x p r e s s i o n s ( u s i n g I n t e r s e c t i o n and 

complementat ion , as w e l l as union and c o n c a t e n a t i o n of e v e n t s ) w i thout 

the use of the Kleene s t a r ( c l o s u r e ) o p e r a t o r . The e q u i v a l e n c e of the 

s t a r - f r e e and g r o u p - f r e e e v e n t s was f i r s t proved by Schutzenberger [ 1 9 6 6 ] . 

Papert and McNaughton [ 1 9 6 6 ] show that the s t a r - f r e e e v e n t s are p r e c i s e l y 

the e v e n t s d e f i n a b l e i n McNaughton's L - l a n g u a g e , and are thereby a b l e t o 

e s t a b l i s h the above e q u i v a l e n c e w i t h o u t e x t e n s i v e use of the p r o p e r t i e s 

of f i n i t e semigroups . However, i f one i s w i l l i n g t o appeal t o the 

machine d e c o m p o s i t i o n theorem of Krohn and Rhodes , the e q u i v a l e n c e of 

s t a r - f r e e , g r o u p - f r e e , and a l s o noncount ing r e g u l a r e v e n t s can be proved 

more s i m p l y . We p r e s e n t such a proof i n t h i s n o t e , 

2 . PRELIMINARIES 

We assume the reader i s a l r e a d y f a m i l i a r w i t h r e g u l a r e v e n t s and 

f i n i t e automata. Our n o t a t i o n f o l l o w s Y o e l i [ 1 9 6 5 ] and Ginzburg [ 1 9 6 8 ] . 

In p a r t i c u l a r , i f f and g are f u n c t i o n s from a s e t S i n t o i t s e l f , argu­

ments are w r i t t e n on the l e f t ( so t h a t s f = f ( s ) ) , and the c o m p o s i t i o n 

f o g m e a n s tha t f i s a p p l i e d f i r s t ( s o that s ( f ° g ) = ( s f ) g ) . 

A semlautomaton i s a t r i p l e A = < Q A , £ A , M >̂ wi th Q A a f i n i t e s e t 

(o f s t a t e s ) , E A a f i n i t e s e t (of i n p u t s ) , and MA a s e t of f u n c t i o n s 

M A: Q A ->Q A indexed by CT £ E A . The mapping MA i s a b b r e v i a t e d " a

A " . The 
a a 

e lement qcrA g Q A i s the next s t a t e of q £ Q A under input CT £ 2 * . For 

x € ( F A ) * the mapping x A ; QA-> Q A i s de f ined i n d u c t i v e l y : A A i s the 



i d e n t i t y map on QAwliGre A i s the n u l l word i n ( £ A ) * , and i f x = yCT 

for y e ( E A ) " and CT £ £ A , then x A i s y A o CT

A. Hence, ( x y ) A = x A ° y A 

for a l l x , y € ( £ A ) * . For x £ and i n t e g e r s k £ 0, x k i s the 

c o n c a t e n a t i o n of x wi th i t s e l f k t imes ; x° = A by c o n v e n t i o n . C l e a r l y , 

( x k ) A = ( x A ) k = the c o m p o s i t i o n of x A w i t h i t s e l f k t i m e s . The 

( n e c e s s a r i l y f i n i t e ) s e t o f d i s t i n c t mappings x for x € (E ) * form a 

semigroup G A under c o m p o s i t i o n . G A I s c a l l e d the semigroup of A. 

Let A and B be semiautomata. B i s a subsemiautomaton of A prov id ­

ing S B c E A , Q B -<= Q A and the mapping CT

B i s the r e s t r i c t i o n of CT

A to 

Q B f o r each a € £ B . B i s a homomorphic image of A p r o v i d i n g t h a t 

S A = E B and there i s an onto mapping T(: Q A -» Q B such t h a t T[ ° = crA° T| 

f o r each o" £ £ A , The mapping H i s c a l l e d a homomorphism of A onto B. 

A c o v e r s B, i n symbols "A ^ B" i f and o n l y i f B i s a homomorphic image 

of a subsemiautomaton o f A. 

, A A A A A 
An automa ton I s a q u i n t u p l e A — *CQ , , s , F , *̂ where 

A = < Q A , S A , H^> i s a semiautomaton, c a l l e d the semiautomaton o f A \ S

A 

i s an e lement of Q A c a l l e d the s t a r t s t a t e , and F A i s a s u b s e t of Q A 

c a l l e d the f i n a l s t a t e s . The e v e n t accepted by_ A i s { x € ( £ A ) * j s A x A 6 F A ] . 

This d e f i n i t i o n of automaton i s merely a n o t a t i o n a l v a r i a n t of the usua l 

f i n i t e s t a t e a c c e p t o r ( c f . Rabin and S c o t t [ 1 9 5 9 ] ) , and the e v e n t s 

accepted by such automata are p r e c i s e l y the r e g u l a r e v e n t s . 

3 . STAR-FREE AND NONCOUNTING EVENTS 

The s t a r - f r e e e v e n t s are de f ined i n d u c t i v e l y as f o l l o w s : 

D e f i n i t i o n 1 . Let J be a f i n i t e s e t (of i n p u t s ) . The s i n g l e t o n {o} i s 

a s t a r - f r e e e v e n t over E . I f U, V c j * are s t a r - f r e e e v e n t s over £ , 



t h e n U U V , U ( t h e c o m p l e m e n t o f 0 r e l a t i v e t o £ * ) , a n d UV ( t h e c o n c a t e n a ­

t i o n o f U a n d V ) a r e s t a r - f r e e e v e n t s o v e r £ . A n e v e n t i s s t a r - f r e e 

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

B y D e M o r g a n ' s l a w , U fl V = 0 U V a n d s o s t a r - f r e e e v e n t s a r e 

a l s o c l o s e d u n d e r i n t e r s e c t i o n . S i n c e t h e r e g u l a r e v e n t s o v e r £ i n c l u d e 

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

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

D e f i n i t i o n 2 . ( P a p e r t - M c N a u g h t o n ) A r e g u l a r e v e n t U c j * i s a n o n -

c o u n t i n g r e g u l a r e v e n t o v e r £ i f a n d o n l y i f t h e r e i s a n i n t e g e r k y S 0 

s u c h t h a t f o r a l l x , y , z € £ * 

k U r „ k u + 1

 r T T x y z ^ U » x y z £ U . 

I n t u i t i v e l y , a n a u t o m a t o n a c c e p t i n g a n o n c o u n t i n g e v e n t U n e e d 

n e v e r c o u n t ( e v e n m o d u l o a n y i n t e g e r g r e a t e r t h a n o n e ) t h e n u m b e r o f 

c o n s e c u t i v e o c c u r r e n c e s o f a n y w o r d y o n c e c o n s e c u t i v e y ' s h a v e 

o c c u r r e d i n a n i n p u t w o r d . 

Lemma 1 . ( P a p e r - M c N a u g h t o n ) E v e r y s t a r - f r e e e v e n t i s a n o n c o u n t i n g 

r e g u l a r e v e n t . 

P r o o f . The s i n g l e t o n [ Q ) i s t r i v i a l l y a n o n c o u n t i n g r e g u l a r e v e n t f o r 

e v e r y a £ £ ( c h o o s e = 2 ) , s o i t i s s u f f i c i e n t t o s h o w t h a t i f U 

a n d V a r e n o n c o u n t i n g r e g u l a r e v e n t s o v e r £ , t h e n so a r e U U V , U , a n d 

UV . 

L e t k = m a x f k y . k y j . T h e n f o r a n y x , y , z € £ * , x y k z £ U U V 

k k - k k k - k k +1 k - k 
» x y U ( y U z ) € 0 o r x y V ( y V z ) € V « x y U ( y U

Z ) 6 U o r 



k_,-H k - k -
x y ( y z ) £ V » x y z 6 U U V . T h u s , U U V i s a n o n c o u n t i n g 

r e g u l a r e v e n t w i t h k = m a x t k y , ky\. 

k . j k i r ktj+1 
S i m i l a r l y , x y z € U «* x y z j£ U « x y z j£ U » x y z € U , 

so t h a t 0 i s a n o n c o u n t i n g r e g u l a r e v e n t w i t h k^ = k^. 

F i n a l l y , l e t k = 2 - m a x f k , k \+ 1 a n d s u p p o s e x y k z £ U V . T h e n 
• y ' U ' V 

x y k z = u v f o r some u £ U , v € V , a n d i t m u s t b e t h e c a s e t h a t e i t h e r 

u = x y k / / 2 w f o r some w £ £ * , o r t h a t v = v ' y ^ z f o r some w ' € £ * . I n 

t h e f i r s t c a s e , u = x y k ^ 2 w = x y k u ( y k / 2 _ k u w ) € U i m p l i e s t h a t 

x y k u + 1 ( y k / 2 " k U w ) » x y k ^ 2 + 1 w € U s i n c e U i s n o n c o u n t i n g . I n t h e 

s e c o n d c a s e , v = w ' y k / 2 z £ V s i m i l a r l y i m p l i e s t h a t w ' y ^ 2 + 1 z € V . 

H e n c e , i n e i t h e r c a s e x y k + 1 z € UV. C o n v e r s e l y , i f x y k + 1 z € UV t h e 

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

a n o n c o u n t i n g r e g u l a r e v e n t w i t h k ^ = 2• m a x f k , k y } + 1 . Q.E.D. 

k U 

I f U i s a n o n c o u n t i n g r e g u l a r e v e n t o v e r £ a n d a 6 2 , t h e n a € U 

i m p l i e s t h a t U c o n t a i n s a l l w o r d s i n o * o f l e n g t h a t l e a s t k ^ . T h e r e f o r e , 
e i t h e r U f l cr* o r U f l a * i s a f i n i t e e v e n t . The r e g u l a r e v e n t ( e r a ) * i s 

n e i t h e r f i n i t e n o r h a s f i n i t e c o m p l e m e n t , w h i c h p r o v e s : 

C o r o l l a r y 1 . T h e n o n c o u n t i n g ( a n d h e n c e t h e s t a r - f r e e ) r e g u l a r e v e n t s 

a r e a p r o p e r s u b f a m i l y o f t h e r e g u l a r e v e n t s . 

4 . GROUP-FREE EVENTS 

A s s o c i a t e d w i t h a n y e v e n t U c 2 * i s a c o n g r u e n c e r e l a t i o n s (mod U) , 

o n 2 * d e f i n e d f o r w , y £ 2 * b y : 

w = y (mod U) « ( V x , z € 2 * ) [ x w z £ U » x y z £ U ] . 



N o n c o u n t i n g r e g u l a r e v e n t s a r e t h u s t h o s e r e g u l a r e v e n t s U s u c h t h a t 

k T T k „ + l 
y U s y U (mod U) f o r a l l y € S * . 

The r e l a t i o n b e t w e e n t h i s c o n g r u e n c e and a u t o m a t a i s an i m m e d i a t e 

c o n s e q u e n c e o f t h e f a m i l i a r t h e o r e m s o f N e r o d e and M y h i l l ( c f . R a b i n 

and S c o t t [ 1 9 5 9 ] ) : i f U i s a r e g u l a r e v e n t , t h e n t h e r e i s an a u t o m a t o n 

ft a c c e p t i n g U ( v i z . , t h e r e d u c e d a u t o m a t o n a c c e p t i n g U) s u c h t h a t 

, , s A A 
x = y (mod U) » x = y . 

D e f i n i t i o n 3 . A s u b g r o u p o f a s e m i g r o u p S i s a s u b s e m l g r o u p o f S whose 

e l e m e n t s form a n a b s t r a c t g r o u p u n d e r m u l t i p l i c a t i o n i n S . A s e m i g r o u p 

i s g r o u p - f r e e i f and o n l y i f a l l i t s s u b g r o u p s a r e i s o m o r p h i c t o t h e 

t r i v i a l g r o u p w i t h one e l e m e n t . A s e m i a u t o m a t o n i s g r o u p - f r e e i f and 

o n l y i f t h e s e m i g r o u p o f t h e s e m i a u t o m a t o n i s g r o u p - f r e e . A r e g u l a r 

s e t U i s g r o u p - f r e e i f and o n l y i f t h e r e i s an a u t o m a t o n ft a c c e p t i n g U 

s u c h t h a t t h e s e m i a u t o m a t o n A o f ft i s g r o u p - f r e e . 

Lemma 2 . L e t S be a s e m i g r o u p . I f t h e r e i s a n i n t e g e r k S 0 s u c h t h a t 

s = s f o r a l l s € S , t h e n S I s g r o u p - t r e e . 

P r o o f . L e t G be a s u b g r o u p o f S , and l e t g be a n e l e m e n t o f C . Then 

g k = g k + 1 i m p l i e s e ^ g V V ^ + V 1 ) ^ g w h e r e g " ' i s t h e i n v e r s e 

o f g i n G and e i s t h e I d e n t i t y o f G. H e n c e , G = [ e ) i s t h e t r i v i a l 

g r o u p . Q . E . D . 

C o r o l l a r y 2 . E v e r y n o n c o u n t i n g r e g u l a r e v e n t i s a g r o u p - f r e e r e g u l a r 

e v e n t . 

feu ku+1 
P r o o f . I f U i s a n o n c o u n t i n g r e g u l a r e v e n t , t h e n y U = y (mod U) 



k|. A k y ~ H A A 
i m p l i e s t h a t (y ") = (y ) i n t h e r e d u c e d a u t o m a t o n A a c c e p t i n g U . 

H e n c e , (y A ) = (y A ) f o r e v e r y e l e m e n t y A € G A , and G is g r o u p - f r e e 

by lemma 2. Q . E . D , 

5, DECOMPOSITION INTO RESETS 

The m a c h i n e d e c o m p o s i t i o n t h e o r e m o f K r o h n and R h o d e s s u p p l i e s 

the k e y s t e p i n t h e p r o o f t h a t g r o u p - f r e e e v e n t s are s t a r - f r e e . 

A A B 

D e f i n i t i o n 4. L e t A and B be s e m i a u t o m a t a and tu: Q x E - > E . The 

c a s c a d e p r o d u c t A 8 B o f A and B w i t h m a p p i n g w is t h e s e m i a u t o m a t o n 

C w i t h Q C = Q A x Q B , E ° = E A and a

C f o r a € E ° d e f i n e d f o r a l l s A £ Q A , 
B B , 

s € Q b y : 

< A *\ a° - o V , s B « 3 A , , > u ) ) B > . 

A c a s c a d e p r o d u c t o f t h r e e o r more a u t o m a t a i s d e f i n e d by a s s o c i a ¬ 

t i o n t o the l e f t , e . g . , a c a s c a d e p r o d u c t o f s e m i a u t o m a t a A , B , and C 

i s any s e m i a u t o m a t o n (A UJA)S>2C f o r any m a p p i n g s and w i t h a p p r o ¬ 

p r i a t e d o m a i n and r a n g e . 

R 
D e f i n i t i o n 5. A s e m i a u t o m a t o n R is a r e s e t p r o v i d i n g Q = f 1 , 2 } , and 

R R R R 
E i s t h e u n i o n o f t h r e e m u t u a l l y e x c l u s i v e s e t s E , , S A , E j such t h a t : 

a € E A => r a n g e ( a

R ) = f 1 1 ; a € E2 => r a n g e ( a

R ) = f 2 > ; and a 6 = * 

R R 
a - t h e i d e n t i t y on Q . 

The f o l l o w i n g w e a k f o r m o f t he d e c o m p o s i t i o n t h e o r e m is s u f f i c i e n t 

f o r o u r p u r p o s e s ( f o r a c o n s t r u c t i v e p r o o f o f the g e n e r a l t h e o r e m see 

G i n z b u r g [ 1 9 6 8 ] ) : 

T h e o r e m . ( K r o h n - R h o d e s ) E v e r y s e m i a u t o m a t o n A is c o v e r e d by a c a s c a d e 

p r o d u c t o f s e m i a u t o m a t a A , , A 2 , A n such t h a t f o r 1 < ; i £ n , A 



A i 
i s 3 r e s e t oit 61 s£ G i. s & norx tIT 1.v!L3X tiornoinorptii.c lirts^s of s 

g r o u p o f G . 

S ince t he t r i v i a l g r o u p has o n l y i t s e l f as a homomorphic image , 

t h e f o l l o w i n g lemma i s i m m e d i a t e : 

Lemma 3 . E v e r y g r o u p - f r e e sem iau toma ton I s c o v e r e d by a cascade 

p r o d u c t o f r e s e t s . 

C o r o l l a r y 3 . E v e r y g r o u p - f r e e r e g u l a r e v e n t I s a c c e p t e d by an a u t o m a t o n 

whose sem iau toma ton i s a cascade p r o d u c t o f r e s e t s . 

P r o o f . L e t ft, w i t h g r o u p - f r e e semiau tomaton A , be an a u t o m a t o n 

a c c e p t i n g a g r o u p - f r e e r e g u l a r e v e n t U. By lemma 3 and t he d e f i n i t i o n 

o f c o v e r i n g , A i s t he Image under a homomorphism Tj o f a subsemiau toma ton 

o f a cascade p r o d u c t C o f r e s e t s . There i s no l o s s o f g e n e r a l i t y i n 

assuming t h a t £ A = 2 ° , s i n c e t h e subsemiau toma ton o f C o b t a i n e d b y 

. . . . . . t A , J t C . , u 

r e s t r i c t i n g 2 t o 2 i s a l s o a cascade p r o d u c t o f r e s e t s w h i c h c o v e r s 

A. Choose any s C € Q C such t h a t sCT| = s A ( t h e s t a r t s t a t e o f ft) and 

d e f i n e F ° = { q € Q C | q H € F A J . Then f o r any x £ ( £ A ) * , x € U * 
A A , C A A C C , A C C „C „ 

s x £ F o s T | X £ F « s x H £ F o s x € F . H e n c e , t he a u t o m a t o n 
„ C , ^ . , „ c , , C w i t h sem iau toma ton C, s t a r t s t a t e s , and f i n a l s t a t e s F i s t he 

r e q u i r e d a u t o m a t o n a c c e p t i n g U. Q . E . D . 

6 . THE MAIN THEOREM. 

The b e h a v i o r o f cascades o f r e s e t s can be d e s c r i b e d i n te rms o f 

s t a r - f r e e e v e n t s u s i n g 



D e f i n i t i o n 6 . For a semiautomaton A and s t a t e s p , q € Q A , the s e t A 

of p - g - i n p u t s i s f x 6 ( S A ) * | p x A = q ) . 

Lemma 4. Let C = B u> R wi th B a semiautomaton, R a r e s e t , and 

UJ: Q B x S B ^ 2 R . I f B p q i s a s t a r - f r e e event (over E B ) for a l l p , q € Q B , 

then C ' I s a s t a r - f r e e event (over E ° = E B ) for a l l a, b £ Q C . 

Proof . Write "S" for the ( e q u a l ) s e t s E B and E^. By the d e f i n i t i o n 

o f cascade p r o d u c t , the f i r s t component of < p , 1> y I s s imply py for 

B * 
any p € Q , y € S • S ince R I s a r e s e t , in order for the second component 

o f <Cp, l!> y t o be 2 , R must r e c e i v e an input < r , cr^ € £ 2 f o r some 

Suppose x £ C < p ] > < ( i 2 > . Then p x B = q and so x £ B p q , but a l s o 

x must equal y a z for some y , z £ £ * , CT € S such t h a t : py B = r for some 

r £ Q B and < r , CT> 1 )0 € 2 * . c h o o s e t h e s h o r t e s t z such t h a t x = y CT z 

for y and CT s a t i s f y i n g the preced ing c o n d i t i o n s . Then no p r e f i x of z 

R , , , ftB „ . J c a u s e s R to r e c e i v e an input < s , 5> € £-j (where s £ Q , § £ E ) , i . e . , 

z t B * 6 2 * 

C o n v e r s e l y , i f py B = r for < r , a> a> £ 2 * a n d z j£ B

r ( J B s 6 f or any 

< s , 6 > «> € 2 * , then y a z € C p r o v i d i n g yC Tz £ B ' A l t o g e t h e r 

one ll 3 5 * 

C < P j 1 X q | 2 > B B

p q n [U B p r or (U B ^ B > g 6 2 * ) ] 

t h e l e f t h a n d union be ing over a l l r € Q B , Q 6 2 , s u c h that < r , a > u £ E* . 

and the r ighthand union be ing over a l l s £ Q B , 6 € E such tha t < s , 8 > u € 2 * . 

The unions i n the e x p r e s s i o n for C „ _ are f i n i t e , and v * i s 

a s t a r - f r e e e v e n t (2 = £ and ,£ = f a } n f a t ) , so that C ^ ^ i s a 
< p , I X q , Z > 

s t a r - f r e e e v e n t . The s e t o f x € C , w i s p r e c i s e l y the s e t of 
< p , l X q , l > ^ 7 



x € 2 such tha t px = q and x j£ c

< P ) i X q , 2 > ' i - e . , c < P j i x q , 1 > = 

B D C ~ 1 . and so C ^ i s a l s o a s t a r - f r e e e v e n t , 
pq < p , 1 X q , 2 > ' < P , l X q , 1 > 

S ince the argument i s symmetric i n s t a t e s 1 and 2 o f Q R , i s 
r 

a s t a r - f r e e e v e n t for a l l a, b £ Q . Q.E.D. 

Lemma 5 . I f C i s a cascade product of r e s e t s , then C f l b i s a s t a r - f r e e 
r 

event for a l l a , b € Q . 

Proof . Let R be a r e s e t and B a semiautomaton such t h a t Q B = { p j and 

2 B = 2 R . For CT € 2 B , d e f i n e <ju: Q B x 2 B - > 2 R by the c o n d i t i o n <p,cr>a> - a-

In t h i s t r i v i a l c a s e of cascade p r o d u c t , = (B <8 R ) < p ^ for 

a l l i , j € Q R - S ince B = (EV i s s t a r - f r e e , lemma 4 i m p l i e s that 
PP 

R i s s t a r - f r e e . 

The r e s t o f the proof f o l l o w s immediate ly by lemma 4 and i n d u c t i o n 

on the number of r e s e t s in C. Q.E.D. 

C o r o l l a r y 4 . Every event a c c e p t e d by an automaton ft, whose semiautomaton 

A i s a cascade product of r e s e t s , i s a s t a r - f r e e e v e n t . 

The event a c c e p t e d by ft i s U A A which i s a s t a r - f r e e event s i n c e 

Proof . Let a € Q A be the s t a r t s t a t e of ft, and F A the f i n a l s t a t e s . 

b£F 
the union i s f i n i t e and A i s s t a r - f r e e by lemma 5 . Q.E.D. 

ao 

This comple te s the proof of the f o l l o w i n g 

. 

Theorem. ( S c h u t z e n b e r g e r , Papert-McNaughton) The f o l l o w i n g are 

e q u i v a l e n t for e v e n t s U C 2 * : 

1) U i s a s t a r - f r e e e v e n t . 

2) U i s a noncount ing r e g u l a r e v e n t . 
3 ) U i s a g r o u p - f r e e e v e n t . 

4) U i s accepted by a cascade product of r e s e t s . 
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1 . PREFACE 

THIS MANUAL DESCRIBES HOW TO USE THE SCOPES. IT IS CONCERNED 
MAINLY WITH SOFTWARE, AS THE HARDWARE IS TREATED DEFINITIVELY IN 
THE CARNEGIE TECH, DOCUMENT I »A VISUAL DISPLAY SYSTEM SUITABLE FOR 
TIMESHARED USE' BY QUATSE, JESSE T . , LATEST VERSION DECEMBER 1 9 6 6 , 
OBTAINED FROM THE COMPUTATION CENTER DOCUMENTATION STAFF, IN ORDER 
TO USE THE SCOPES, IT IS SUFFICIENT TO READ THE QUATSE DOCUMENT 
AND THE SCOPE USERS MANUAL. THE QUATSE MANUAL SHOULD BE READ 
F I R S T , A BRIEF DESCRIPTION OF HARDWARE CONCEPTS AND TERMS IS GIVEN 
IN SECTION 3 OF THIS MANUAL^ 

THE SCOPES ARE SITUATED IN ROOM PH18A, COMPUTATION CENTER, 
TELEPHONE EXTENSION 27. THEY ARE" ON WHEN TELETYPES ARE ON, USUALLY 
10100 AM TO MIDNIGHT AND HAVE NORMAL TELETYPE TURN-ROUND TIME, 
EXCEPT THAT PROGRAMS SUBMITTED FROM SCOPES RUN AT THE BEGINNING OF 
THE WAIT TIME, 1,6.* IMMEDIATELY, TO ALLOW THE USER TO BE PRESENT 
AT RUN TIME AND TO INTERACT WITH HIS PROGRAM, AT PRESENT ONLY 3 
MINUTE PROGRAMS CAN BE RUN, AND ONLY PROGRAMS SUBMITTED FROM 
SCOPEŜCAN INTERACT WITH THE SCOPES; 

ONLY ALLOWED USERS CAN USE THE SCOPES. IN ORDER TO BECOME AN 
ALLOWED USER, ONE SHOULD CONTACT A. H. BOND, C. C> EXTENSION 6 6 , 
THE MAIN USES OF THE SCOPES ARE EXPECTED TO ' BE FOR I (A) PROGRAMS 
NEEDING ON-LINE DYNAMICAL: GRAPHICAL DfSPLAYl AMD' ( B ) INTERACTIVE 
PROGRAMS, THAT I S , PROGRAMS WHICH COMMUNICATE WITH! THE HUMAN WHILE 
RUNNING, AND CAN BE GUIDED AND INFLUENCED BY THE HUMAN, THE VERY 
GENERAL DISPLAY EQUIPMENT ALLOWS A GREAT VARIETY OF METHODS OF 
MAN-PROGRAM INTERACTION. 

THE SYSTEM IS STILL UNDER DEVELOPMENT AND ATTEMPTS TO USE 
"SOME TEATURES WTLL YTELD THE E^RO^ MESSAGE r SORRY, NOT YET 
IMPLEMENTED'. HOWEVER, THE SCOPE USERS MANUAL WILL' BE KEPT 
STRICTLY UP TO DATE WITH CURRENT IMPLEMENTATION, THfci DATE OF 
REWRITING IS SHOWN ON THE FRONT COVER, BETWEEN R E W R I T E S , ANY 
CORRECTIONS TO THE MANUAL ARE KEPT ON A N - A N D ~ F I A ^ D - C A N - 3 E 
OBTAINED BY EXECUTING 
USER CR38AB14; FILE 8 1 / P ; GET TO $ | RUN,AND,TAPE I 

ALLOW 5 PAGES AND 2 MINUTES.  
FURTHER COPIES OF THE FULL MANUAL CAN BE OBTAINED BY EXECUTING 
USER CR38AB14; FILE 6 2 / P J GET TO SJ RUN,AND,TAPE I 

ALLOW 60 PAGES A W 6"M I NTTPES . ; ~ 
OR FROM A H BOND. 
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2 . INTRODUCTION AND SUMMARY 

THE SCOPES CAN BE USED O F F - L I N E , THAT I S , WITHOUT USING THE 
CENTRAL_PROCESSOR_OF_THE G - 2 1 , _ I ' N _ F A C T , 0 N L Y _ U S I N G ONE BK MODULE 
OF MEMORY, O F F - L I N E , ONE CAN ENTER CHARACTERS OMTO THE SCOPE FACE 
FROM THE KEYBOARPS AND ENTER VECTORS ( L I N E S ) . ONE CAN ALSO ALTER 
E X I S T I N G D I S P L A Y BY D E L E T I O N AND I N S E R T I O N OF ELEMENTS, AND ONE 
CAN TRANSLATE ( MOVE ) PARTS _OF THE D I S P L A Y TO OTHER _PARTS OF_JJHE 
SCREEN. THE REST OF THE G - 2 1 CAN OPERATE NORMALLY. THE O F F - L I N E " 
C A P A B I L r M E S _ A R E THE SUBJECT_OF J. QUATSE^S MANUAL 1 . THEY CAN ALSO 
BE USED WITH THE SCOPE MONITOR LOADED. THE SCOPE MONITOR I S 
A U X I L I A R Y TO THE MAIN G - g j MONITOR ANp WORKS ON AN INTERRUPT 
B A S I S , NORMAL USER PROGRAMS CAN BE PROCESSED BY THE G - 2 1 AND WHEN 
SOM E SCOPE CO M PUT A T IQ N I_S_ N E E.D EJ3 , „ _THE__U S E R PROGRAM_IS_ INTERRUPTED 
FOR A FEW M I L L I S E C O N D S . 

I N T H I S WAY THE SCOPE MONITOR CAN SNATCH B R I E F SPELLS OF 
COMPUTATION TO CARRY OUT MANAGERIAL FUNCTIONS AS DESIRED BY THE 
y S E R , _ _ T H _ I S _ l _ S DONE _BY PRESSING T HE_ A P P R 0 P R I_AT E__I N T ER R UP T B U T T O N S ^ 
THE MEANINGS CURRENTLY ASSOCIATED WITH THE BUTTONS ARE SHOWN BY AN 
EXPLANATORY D I S P L A Y . _ T H E F_AC I L I T I ES_PROV_I DED_ BY THE SCOPE MONITOR 
ARE DESCRIBED I N D E T A I L I N S E C T I O N 4 . THEY INCLUDE STORAGE OF 
D I S P L A Y MATER I A L ON *SCQPE F I L E S ' , S U B M I S S I O N OF PROGRAMS TYPED ON 
THE SCOPES, THE PERUSAL AND E D I T I N G OF T E X T , A U X I L I A R Y DRAWING" 
OP E R AT I DNS _L_I_K E_L_I GH T_- P£N J R . A C K I N G . THERE A RE_D E3UGG I NG_F A C_I L_I T I E S 
WITH A DYNAMIC CORE D I S P L A Y AND O N - L I N E PATCHING AND TRANSFER 
F A C I L I T I E S , 

I N A D D I T I O N TO INTERRUPTS PRODUCED BY THE INTERRUPT BUTTONS, 
THE SCOPE MONITOR R E C E I V E S INTERRUPTS ONCE EVERY SECOND, TRIGGERED 
BY THE G - 2 0 R E A L - T I M E CLOC K." ' RELY I NG ONLY ON T HE S E CLOCK P U L S E S TO 
PROCESS REQUESTS WOULD LEAD To TOO LONG A RESPONSE T I M E . _ T H E _ C L O C K 
PULSE " E N A B L E S T H E ' SCOPE MONITOR TO PR 0V I D E C O N T I N U O U ' S MODE 
OPERATIONS SUCH AS THE DYNAMIC CORE DUMP, THE ROTATION MODE AND 
THE CURVE DRAWING MODE. 

I N T E R A C T I V E PROGRAMS CAN BE WRITTEN I N NY PROGRAMMING 
LANGUAGE. THEY C A N C 0 MM U N I GATE WITH THE SCOPES 3V US ING THF «B 
R O U T I N E S ' PROVIDED BY THE SCOPE MONITOR {THESE ARE L I K E I ROUTINES 
HTTHE MA IN MWTOHT; US ING T H E S E , A PROGRAM CAN "SET UP A GENERAL 
GRAPHICAL D I S P L A Y AMD CAN EXAMINE A GRAPHICAL D I S P L A Y ENTERED BY A 
HUMAN. THE HUMAN AND PROGRAM ARE TREATED MORE OR LESS E Q U I V A L E N T L Y 
BY THE SCOPES, AND THE SCOPES PROVIDE A GENERAL , = U P I D AMD 

""TRANSPARENT INTERFACE BETWEEN THEM TO PERMIT MAN-MACHINE 
COOPERATION ON A PROBLEM. 
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I N T E R A C T I O N W I T H T H E PROGRAM CAN C O N S I S T OF EACH R E A D I N G 
D I S P L A Y M A T E R I A L SET UP BY THE OTHER j A N D . IN ADD I T I O N « T H E R E ARE 8 
' S T A T E S W I T C H E S ! AND_ 2 ' A N A L O G KNOBS »_ (_G I V I N G A Q U A S I - C O N T I N U O U S 
V A R I A B L E > » WHICH C A N " B E SET BY THE HUMAN AND READ BY T H E PROGRAM 
U S I N G B R O U T I N E S . ALSO _TH_E U S E J L CAN D E F I N E H I S 3WN_ I N T E R R U P T S AMD 
T H E S C O P E M O N I T O R W I L L PASS C O N T R O L TO THE D E F I N E D P O I N T S IN H I S 
PROGRAM,WHEN HE P R E S S E S THE A P P R O P R I A T E B U T T O N .  

A L S O MANY U S E F U L SUBPROGRAMS IN T H E S E L A N G U A G E S AND IN S P I T E . 
T H E S E ARE KEPT ON AND F I L E S AND ARE D E S C R I B E D IN S E C T I O N 8. 
S I M I L A R SUBPROGRAMS CAN BE W R I T T E N IN ANY L A N G U A G E A V A I L A 8 L E ON 

THE_e-_ei_. 

I N T E R A C T I O N W I T H " U S E R PROGRAMS CAN ONLY OCCUR D U R I N G T H E 
SHORT RUN T I M E OF THE P R O G R A M , B U T WE ARE T R Y I N G TO MAKE IT EASY 
FOR ANY USER TO W R I T E A » S U B S Y S T E M \ W H I C H WOULD BE E S S E N T I A L L Y 
PART OF T H E SCOPE M O N I T O R A N D O P E R A T E ON AN I N T E R R U P T BAS I S . 
MODULES OF CODE ARE " K E P T ON SCOPE F I L E S AND SWAPPED IN BY THE 
SCOPE M O N j T O R AS NEEDED AND AS SPACE A L L O W S . IT IS ONLY P O S S I B L E 
TO W R I T E SUCH MODULES IN A S S E M B L Y L A N G U A G E AND T H E T R " S T Z E IS 
R E S T R I C T E D TO < 3 K ; H O W E V E R , A S U B S Y S T E M CAN C O N S I S T OF AN 
A R B I T R A R Y NUMBER OF L I N K E D R E E N T R A N T M O D U L E S . S U B S Y S T E M S ARE 
D I S C U S S E D IN _ S E C T I 0 N _ 9 , " 

G"A21 S Y S T E M S A U X I L I A R Y " TO T H E SCOP E ~M 0 N T T O *" ARE D'E SCR I BED" " 1 N 
SECTJI ON 10 | FOR _E_X A MP L E kJ)S E R_ S Y S T EM I S N E E D E D TO MOVE M A T E R I A L 
B E T W E E N AND F I L E S AND SCOPE F I L E S . " IN S E C T I O N u, WE O U T L T N E THE 
I N T E R N A L WORKING OF THE SCOPE M O N I T O R P R O G R A M . 

THE 8 
' B - P R Q C E D U R E 

R O U T I N E S 
IN AL 

ES ARE D E S C R I B E D IN S E C T I O N 7. TWEW IS A 
A L G O L AND F O R M L , W H I C H C A L L S THE B R O U T I N E S , AND 
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3 . OFF L I N E U S E . TERMS AND CONCEPTS 

THERE ARE 3 SCOPES * NUMBERED 1 , 2 , 3 FROM THE LEFT OF THE 
j R O O M T H E SCOPE FACE I S 10 INCHES BY 10 INCHES AVID HAS 1 0 2 4 X 1 0 2 4 
RASTER P O I N T S . THE 32 BUTTONS ALONGSIDE THE FACE ARE THE STATE 
SWITCHES AND C O N S T I T U T E THE STATE WORD. THE LOWER 2 ROWS ARE 
COLORED GREEN AND ARE FOR USE BY A USER PROGRAM, WHEN A SWITCH I S 
° N J J „ I S _ U T_Aj^p_THE VALUE OF THE S W I T C H _ I S 1 1 0_N_ THE LEFT OF THE 
SCREEN ARE 2 'ANALOG KNOBS ' KNOB 1 ABOVE KNOB 2 . THESE CAN 3S USED 
BY_ A _ USER P R O G R A M ; _ THEIR_J /ALUE V A R I E S FROM OJTO 63L AND THE FULL 
RANGE I S OBTAINED I N HALF A T U R N , 

0N_ THE DESK, THERE ARE__T_W_0_KE_YB0ARD_S^ U S E D _ J Q U . m L E N T L Y , AND A 
CONTROL PANEL C O N S I S T I N G O F : 

( I ) 20 INTERRUPT BUTTONS NUMBERED 0 - 1 9 

6 

( I f ) A CURSOR CONTROL C O N S I S T I N G OF 4 BUTTONS TO I N D I C A T E 
WHI CH D I R E C T I O N TO MOVE_THE_CURSOR_ONL THE S C R E E N ^ THE CENTRAL 
BUTTON I N THE CONFIGURATION MAKES THE CURSOR MOVE F A S T E R , AND THE 
SLEW BAR MAKES I T MOVE EVEN F A S T E R .  

( I I I ) THE MARK BAR 

TO ENTER D I S P L A Y M A T E R I A L ON THE SCREEN ONE F I R S T NOTES FROM 
THE 6TH ROW OF STATE SWITCHES THAT THERE ARE 4 ' P A G E S ' FOR U S E . 
T H I S M E A N S _ THAT ONE _CAN _ H A V E 4 D I F F E R E N T INDEPENDENT D I S P L A Y S 
A V A I L A B L E . " WHICH CAN BE MADE V I S I B L E BY USIMG THE APPROPRIATE 
ST jTE j ;_WJTCH_. AND SUPERIMPOSED AS D E S I R E D . HOWEVER, ONE SHOULD ONLY 
ENTER M A T E R I A L INTO ONE PAGE AT A T I M E , 

BEFORE ONE CAN ENTER M A T E R I A L , ONE MUST USE THE SCOPE 
M O N I T O R , D E S C R I B E D " L A T E R , T O R E S E R V E SOME MEMORY SPACE FOR THE 
M A T E R I A L AND TO D E F I N E THAT SPACE TO CORRESPOMD TO THE_ REQUI RED. 
PAGE NUMBER. ALSO ONE MUST ENABLE THE PAGE 'ONE I S USING AND TURN 
THE PAGE STATE SWITCH ON. T H I S ALLOWS D I S P L A Y M A T E R I A L TO BE 

~ ENTERED MANUALLY. WHEN A PAGE I S E N A B L E D , I T HAS A CURSOR V I S I B L E 
AND T H I S D E F I N E S THE PLACE ON JTHE SCREEN WHERE_ATTEl*T ION I S 
FOCUSED. CHARACTERS MAY NOW BE ENTERED" FROM THE KEYBOARD I F 'OME 
SETS THE STATE SWITCHES TO J-NTER AND CHARACTER. 

VECTORS (TTNFSl MAY BE ENTERED MANUALLY AMD THfc D I S P L A Y CAN 
BE MANIPULATED WITH C O R R E C T I O N S , D E L E T I O N S , I N S E R T I O N S , 



TRANSLATIONS, ETC«, AS DESCRIBED IN J . Q . H , HOST OPERATIONS ARE 
DONE BY SETTING THE STATE SWITCHES TO THE APPROPRIATE VALUES, 
P 0 SI T IJ) N I N G THE C URS OR AND PR E S SING THE H ARK__B A R ONE C ÂN IN PUT 
DOUBLES IZE CHARACTERS BY SETTING A STATE SWITCH AND ONE CAN GET 
SUB S CRI p T_ SI ZE CHA RAG T E RS_ BY PR E_S SIN G_^j 0_NE Q EJTS BACK TO NORM A |__ 
SIZE BY PRESSING , MARGINS ARE ENTERED BY POSITIONING THE CURSOR 
AND SETTING THE MARGIN STATE SWITCHES AND PRESSING HARK, MARGINS 
AND ALL OTHER CONTROL SYMBOLS CAN NOT ONLY BE MADE VISIBLE BY A 
STATE SWITCH, THEY CAN ALSO___B_E MANIPULATED IN EXACTLY THE SAME WAY 
AS NORMAL SYMBOLS. 

TO CLEAR A PAGE OF ALL MATERIAL, IT MUST BE VISIBLE AND 
ENABLED, AND "~ONE THEN SETS THE CLEAR STATE SWITCH, THE SPACE 
RESERVED FORTHE PAGE IS STILL THERE AND IT IS STILL ENABLED AFTER 
THE CLEAR OPERATION. 

ONE SHOULD ONLY HAVE ONE PAGE ENABLED AT ANY ONE TIME, AS 
THERE IS ONLY ONE CURSOR POSITION. 

MARGINS CONTROL ONLY TEXT ENTERED AFTER THEM AND ONE CAN HAVE 
SEVERAL MARGINS ON" ONE PAGE. IN THE ABSENCE OF MARGTNFTHE END OT 
THE SCREEN IS AN EFFECTIVE MARGIN WHEN ONE DOES A RETURN 
CHARACTER. IF DISPLAY MOVES OFF THE SCREEN IN ANY DIRECTION IT 
* WRAPS ROUND' AND APPEARS ON THE OTHER ' EDGE OF THE SCREEN! 
SIMILARLY FOR THE CURS0R POSITION, ~ " ~ ~ 

THE LIGHT PEN CAN BE USED TO POSITION THE CURSOR AT AN 
EXISTING DISPLAY ELEMENT. ONE POINTS THE LIGHT ?EN AT THE ELEMENT 
AND T H ̂  jc URS 0 R_W_IL L__A U_T 0 MAT ICALLY MOVE THERE. IT MAY BE NECESSARY 
TOTSCPEASE THE BRIGHTNESS TO" GET IT TO WORK. " 

THE SCREEN FACE CAN BE PHOTOGRAPHED IN COLOR OR 3LACK AND 
WHITE WITH AN ORDINARY CAMERA. THE ENGINEERING GROUP HAS A 
POLAROID CAMERA FOR_ THIS PURPOSE, ALSO THERE IS A SPECIAL HARD 
CO"PY DEVICE, UNDER DEVELOPMENT" BY THE ENGINEERING GROUP, WH TCH" TAKES 
AN_ ACTUAL SIzE_ NEGATIVE IMAGE OF THE SCREEN DIRECTLY ONTO 
PHOTOSENSITIVE PAPER"," SO THAT THE "LINFS AND" CHARACTERS A~RE" BLACK 
ON WHITE. ENQUiRIIS ABOUT THIS EQUIPMENT SHQULD BE DIRECTED TO 
BEAU BR INKER,C,C, EXTENSION 75. OPINIONS AND IDEAS OW THE HARDWARE 
SHOULD B E _S E N T TO THE ENGINEERING GROUP , THERE IS N_OW_ A VA TL ABLE A 
RAND TABLET,WHICH CAN BE ATTACHED TO EITHER SCOPE 1 OR SCOPE 2~. 
IT CAN BE USED AS A POINTING DEVICE LIKE THE LJQHT PEN, BUT IN 
AUDITION IT ACTS 1KB THE MARK BAR. FURTHER, IT WILL EMTER LINES 
C 0 N TINUOUSLY INTO THE PAGE GIVING CURSOR TRACKING AND CURVE 
DRAWING, INSTRUCTIONS ON ITS USE ARE TO BE FOUND IN A FOLDER WITH 
THE EQUIPMENT. ENQUIRIES ABOUT IT SHOULD BE SENT TO DICK SHOUP. 



4 . THE SCOPE MONITOR 
A . GENERAL LAYOUT AND OPTION STATE 

THE_S_COPE MONITOR PROVIDES A^ RANGE OF F A C I L I T I E S WHICH ARE 
L I N K E D TO THE INTERRUPT BUTTONS. THE MEANING OF THE BUTTONS I S 

^ E D EFIN'ED AS 0 NE USES VARIOUS * S T A T E S ' OF THE SCOPE MONITOR. WHEN 
ONE F I R S T APPROACHES A SCOPE, AFTER THE SCOPE MONITOR HAS BEEN 
L O A D E D ^ IT__HAS__1IH I S SPACE RESERVED FOR SYSTEM MESSAGES' ON THE 
BOTTOM OF THE S C R E E N . I N T H I S S T A T E , EVERY INTERRUPT BUTTON LEADS 

J O THE L O B - l N _ S T A T E J F I G . 1> AND THE USER _MUST E N T E R , H I S FULL G - ? l 
USAGE NUMBER AT THE P O S I T I O N OF THE CURSOR, THE CURSOR I S SET BY" 
THE SCOPE MONITOR AND THE STATE SWITCHES ARE SET TO ENTER. 
CHARACTER, PAGE 1 ( I F T H I S DOESN 'T H A P P E N , SET THEM 3Y H A N D ) . 
AFTER T Y P I N G THE USAGEJJUMBER, P R E S S _ R E T U R N , _ J H = _RETU_RN CHARACTER 
I S USED BY THE SCO~PE MONITOR AS A COMPARE I N T E R R U P T , AND T E L L S I T 
TO READ IN_JHE_CHARJ*CTER JUST TYPED BY THE USER. I F THE NUMBER WAS 
M I S T Y P E D , OR DOES NOT BELONG TO AN ALLOWED USER, THE MESSAGE 
'SORRY NOT A C C E P T A B L E ' W I L L APPEAR. O T H E R W I S E . I T W I L L GO TO 
OPTION STATE AND D I S P L A Y THE MEANINGS OF THE INTERRUPT BUTTONS I N 
T H I S „ _STAXE_i THE OPTION STATE JLS_jrHE. T O P - L E V E L OF A HIERARCHY OF 
STATE'S AND WITH I T ONE SELECTS ANOTHER S T A T E . 

NOTE THE WORD ' S T A T E 1 I S USED TO DESCRIBE THE C O N D I T I O N OF 
THE SCOPE MONITOR AND THE D E F I N I T I O N OF INTERRUPTS I N THAT 
C O N D I T I O Nj, E ACH HAS AN ASSOCIATED SYSTEM ' P AGE ' AN D SO SO M E T I M E S 
THE WORD ' P A G E ' REFERS TO A ' S T A T E ' . O C C A S I O N A L L Y , THE C O N D I T I O N 
OF THE SC Q P E _ M f l N J I 0 R IS_ D.ESC R I BED AS A 'MOD E ' , E S P E C I A L L Y I F I T I S 
DOING AN OPERATION C O N T I N U O U S L Y . THE USE OF THESE WORDS SHOULD BE 
D I S T I N G U I S H E D FROM T H E I R USE I N O F F - L I N E _ U S E . THERE I S SOFTWARE 
S T A T E , PAGE AND MODE D I S T I N C T FROM HARDWARE S T A T E , PAGE AND MODE. 
I T I S HOPED THAT NO CONFUSION W I L L A R I S E . _T_HUS THE MEANINGS OF THE 
BUTTONS I N THE OPTION STATE ARE ALL 'CHANGE STATE TO S T A T E ' . 
THE_VARJOUS_STATES ARE DESCRIBED BELOW. I N EVERY S T A T E , INTERRUPT 
0 ALWAYS MEANS GO BACK TO OPTION S T A T E . INTERRUPTS 1 7 , 1.8, AND 19 
ARE CURRENTLY USED FOR SYSTEM MAINTENANCE AND SHOULD NOT 3E USED. 

f H E D I S P L A YS USED BY " T H E " SC OPE MO N I TO R C A N NOT BE" A L TER ED 9 Y 
THE USER AS THEY ARE I N ALTERNATE MODE, EVEN THOUGH PAGE 1 I S USED 
BY THE SCOPE MONITOR, I T CAN ALSO BE USED B Y T H E USER AS A NORMAL 
PAGE . •  

WHEN T Y P I N G I N MORE THAN ONE VALUE TO THE SCOPE MONITOR, DO A 
RETURN AFTER EACH VALUE AND THE SCOPE MONITOR W I L L R E P O S I T I O N THE 
CURSOR"," 

SCOPES g 



SCOPES 9 

LOG - IN 
ENTER YOUR USAGE NUMBER HERE 

THIS SPACE RESERVED FOR SYSTEM MESSAGES 

FIGURE 1 



SCOP | s _ ___io 

I N EACH STATE, THE MEAJyj 1 NG[ OF THE INTERRUPTS ARE DISPLAYED 9Y 
A SYSTEM PAGE, THIS DOES NOT INTERFERE WITH THE USER DISPLAY AND 
CAN BE TURNED ON OR OFF (MADE VISIBLE OR I N V I S I B L E ) IN ANY STATE 
BY USING INTERRUPT 1 . ON PRESSING AN INTERRUPT BUTTON, ITS NUMBER 
IS DISPLAYED IN THE BOTTOM RIGHT HANQ CORNER OF THE SCREEN, DURING 
THE PROCESSING OF AN INTERRUPT THE NUMBER IS MADE TO FLASH, THE 
USER SHOULD— NOT PRESS ANOTHER INTERRUPT BUTTON UNTIL THE NUMBER 
HAS STOPPED FLASHING. USUALLY THE OPERATION IS VERY QUICK AND THE 
US-ER DOESN'T _Sj=E_ ANY FLASHING j_ _JHOWEV|R, OPERATIONS REQUlR I NG_THE 
SCOPE FILES INVOLVE THE USE OF THE DISC AND ONE MAY HAVE To WAIT 
FOR THE DISC TO BECOME AVAILABLE FOR A SECOND OR TWO. THE NUMBER 
WILL ALSO FLASH WHILE TYPING IN VALUES OF PARAMETERS TO THE SCOPE 
MONITOR, IN THIS CASE. ONE CAN CONTINUE TO„ENTER PARAMETERS. 
LOG OUT 

PRESSING INTERRUPT 8 , ON THE OPTION PAGE, LOGS THE CURRENT 
USER OUT AND THE MESSAGE 'LOGGED OUT' IS DISPLAYED. 



S C O P E S 1 1 

B . M A N A G E M E N T S T A T E 

T H E M E A N I N G 0 ? ~ T H T T N T E i R R U P T S I N T H I S ~ S T A T E A " R T ~ S H I O W B Y ~ T H E 

S Y S T E M D I S P L A Y , R E P R O D U C E D I N F I G U R E 2 . . 

~A~K A L L O W E D U S E R H A S R E S E R V E D FOR H I M 2 0 ' W § #T£M "$P*8WfS?" 
1 TO 2 0 W H I C H AR E A R B I T R A R Y I N S I Z E . HE CAM S A V f C l ^ * * f f » | A I 
ON T H E S E F I L E S P E R M A N E N T L Y BY U S I N G I N T E R R U P T 2 , H*E £ A * *SV§ f « f 
C O N T E N T S OF A P R E V I O U S L Y S T O R E D F I L E TO A P A G E O I S P L A Y f f f USiHQ 
I N T E R R U P T 3 . WHEN U S I N G 3 . S P A C E DOES NOT H A V E TO BE"" R i f W I n T O * 
T H E P A G E . I T I S DONE A U T O M A T I C A L L Y , I N D E E D ANY M A T g R f A j ! M T H A T 
P A G E B E F O R E I S C L E A R E D . ONE CAN G E T A D I R E C T O R Y OF T H € ' ( F l t - f * 
B Y P R E S S I_NG _ I N T E R R U P T 5 . T H E D I S P L A Y _ I S _ L _ I KE F I G U R E 3 . jf 
T H E B A S E ( R E C O R D N U M B E R ) AND L E N G T H OF T H E R E C O R D ON T H E 1 D I S C . 
T H I S I S NOT OF MUCH U S E TO T H E N O R M A L U S E R E X C E P T TO S E E T H A T A 
F I L E I S P R E S E N T OR H A S C H A N G E D I N L E N G T H . 

INTERRUPTS 4 , 6 - 9 HANDLE THE RESERVED SPACE FOR THE PAGES, 
i l n W i j y r " 6 T ^ s T m s ~ s o M E SPArcEToP~A~QTVEN PAGE, THE UNIT USED 

_ IS THE BLOCK, WHICH IS 1 6 Q » W 0 R D S J THERE ARE 3 0 BLOCKS AVAILABLE 
FOR USE BY 3 SCOPES. A PAGE PACKED SOLID WITH DISPLAY PROBABLY 
NEEDS 4 BLOCKS OF SPACE. . 

I N T E R R U P T 7 E N A B L E S A P A G E , " A N D 8 D I S E N A B L E S A P A G E , 

I N T E R R U P T 9 D E L E T E S A P A G E , I . E . , I T R E M O V E S T H E S P A C E 
R E S E R V E D FOR T H A T P A G E AND M A K E S I T A V A I L A B L E FOR O T H E R U S E , U S I N G 
8 M E R E L Y D I S E N A B L E S A P A G E AND K E E P S T H E S P A C E R E S E R V E D . 



S C O P E S 12 

M A N A G E M E N T P A G E 1 

P R E S S I N T E R R U P T N U M B E R  

2 . S A V E P A G E A S S C O P E F I L E  

3 . R E A D I N S C O P E F I L E A S P A G E 

4 . A P P E N D P A G E _ T O . P A G E 

5. D I S P L A Y D I R E C T O R Y O F S C O P E F I L E S 

. 6 . G E T B L O C K S F O R P A G E 

7 . E N A B L E _P A, G E 

8 . D I S E N A B L E P A G E  

? . D E L E T E P A G E  

F I G U R E _ 2 



S C O P E S 13 

D I R E C T O R Y FOR L C 0 2 
F I L E BASE L E N G T H 

0 0 . 000 000 
0 1 . 576 002 
0 2 . 535 002 
0 3 . 570 004 
0 4 . 533 002 
0 5 . 530 003 
0 6 . 525 003 
0 7 . 000 000 
0 8 . 000 000 
0 9 . 000 000 
1 0 . 000 000 

1 1 . 000 000 
1 2 . 000 000 
1 3 . 000 000 
1 4 . 000 000 
1 5 . 000 000 
1 6 . 000 000 
1 7 . 000 000 
1 8 . 000 000 
1 9 . 000 000 
2 0 . 000 000 

T H I S S P A C E R E S E R V E D FOR S Y S T E M MESSAGES 

F I G U R E 3 

MINT LIBRARY 
CARNEGIE-MELLON UNIVERSITY 



SCDPES 14 

INTERRUPT 4 WILL APPEND ONE PAGE TO ANOTHER SO THAT THE SECOND 
PAGE THEN HAS THE DISPLAY MATERIAL OF BOTH, AND THE FIRST IS 
UNCHANGED 

BELOW I S G I V E N THE SEQUENCE OF ACT IONS tfgGUIRFU TO L&8 I N *HO 
SET UP THE SCOPE FOR ENTER I NG._CHAfi*CTRS.f AND L IM9 . 0 1 T H f S S R g g N . 

1 . I F NO ONE I S LOGGED I N Y E T , THERE WILL JUST BE THE ONE 
L I N E MESSAGE ON THE BOTTOM OF TH(= S C R E E N , OR ELSE THE MESSAGE 
•LOGGED O U T * . I N T H I S C A S E , PRESS INTERRUPT 0 . THIS GIVES THE LOG¬ 
I N P A G E . TYPE IN YOUR USER NUMBER ANQ PRESS RETURN, THIS WILL GIVE 
THE O P T I O N P A S 6 . 

2 . „ J F SOMEONE IS J . O G G 6 D I N ALREADY. J'RESS INTERRUPT 0 -• THIS 
GIVES THE OPTION PAGE, 

3. „JJN THE OPTION STATE, PRESS INTERRUPT ?_. THIS GIVES THE 
MANAGEMENT PAGE. 

4 . IN THE MANAGEMENT STATE, PRESS INTERRUPT 6 . THIS PUTS THE 
CURSOR AFTER 'GET' AND DISPLAYS THE NUMBER 6 BLINKING IN THE 
BOTTOM RIGHT.HAND CORNER, TYPE THE FIGURE 2 FROM THE KEYBOARD AND 
PRESS RETURN. THIS RESETS THE CURSOR TO AFTER 'PAGE', TYPE 2 AND 
RETURN. YOU NOW HAVE RESERVED 2_BL,0CKS OF SPACE ON YOUR ?A3E 2. 

5. PRESS INTERRUPT 7 , THE CURSOR WILL APPEAR AFTER 'PAGE' ON 
LINE 7_OF_THE M_ANA_OEMENT_PAGE. TYPE 2_AND. RETURN. PAGE ? IS NOW 
ENABLED, AND" WILL ALLOW DISPLAY MATERIAL TO BE ENTERED FROM THE 
CONSOLE, 

6 , PRES'S-TNTERRU"PT~Ti THIS MAKES THE MANAGRM"E"NT~PXGE~DT3PLAY " 
INVISIBLE. „ 

7"; PRE SIS " THE STATE S W IT C H" FOR PAG E 2.YOU SHOULD SEE A 
CURSOR. USE THE CURSOR CONTR0L TO POSITION THE CURSQR. TP TYPF IN 
CHARACTERS. PRESS STATE "SW ITCHES ENTF"R AND CHARACTER AND T H EN TY°E 
FROM THE KEYBOARD, TO DRAW LINES, PRESS STATE SWITCHES_EMTER AND 
VECTOR AND USE THE CURSOR CONTROL AND THE MARK BAR, 



C. THE PROGRAM STATE 

GGG FTGURE 4. " T H I S S T A T E O R G A N I Z E S T H E I N I T"I A TI ON "OF USE R 

P R O G R A M S A N D U S E R S Y S T E M S F R O M T H E S C O P E M O N I T O R . W H E N A P R O G R A M 

I S A C T U A L L Y I N F E R A C TIN G " W I T H F H E S C O P E S , " T H E "SCOPE~"MON I T O R S H O U L D 

B E P U T I N U S E R P R O G R A M I N T E R A C T I O N S T A T E O B T A I N A B L E F R O M T H E 

O P T I O N S T A T E , H O W E V E R , A L L ! O R G A N I Z A T I O N P R I O R T O A N D A F T E R T H E R U N 

I S D O N E W I T H T H E P R O G R A M S T A T E ^ 

TL- S'UBMIT A PROGRAM,ONE SHOULD GET" SOME BLOCKS~FOR"A PAGE AND 
ENABLE IT, THEN TYPE THE PROGRAM ONTO THAT PAGE. NOTE THAT THERE 
ARE N0~TA8 SETT I NG~S~ON THE~SC'OPESL ETEPTYTH~I NG MUST BE SPACED BY 
HAND, ONE CAN KEEP PROGRAMS ON SCOPE FILES ALSO AND PUT THEM ON 
THE PAGE THAT" WAV, ONE WOULD USUALLY SET UP TH= PROGRAM ~W ITH THE" 
PROGRAM PAGE SYSTEM DISPLAY TURNED OFF. THEN OMG SHOULD TURN OFF 
T H T " ' ~~PAGE~'~AND"TUIRrrGNTHIE~SYSTEM "6TSPTXY~A"GTI"N~USTNG~T NTERH!UPTTT 
THE SUBMISSION OF A PROGRAM TAKES PLACE IN TWO STAGES. FIRST IT 
MUST BE MOVED TO THE •INPUT FILE'. THIS IS NOT TO BE CONFUSED WITH 
A SCOPE FILE. IT IS A PSEUDO TELETYPE BUFFER. SECOND, THE INPUT 
FILE ' MUST BE'SUBMITTED""' "TO RUN ON THE G-21. TO "OVE IT "TO "THE" 
INPUT FILE ONE SHOULD USE INTERRUPT 2. THIS CONVERTS THE PROGRAM 
TO (UPPER CASE) G-21 CHARACTERS AND PUTS IN A B L A'̂'K J09 CARD AT 
THE TOP. INTERRUPT 3 MOVES A PAGE WITHOUT CONVERSION AND.IS RARELY 
USED. 

USING INTERRUPT 4, ONE CAN NOW SUBMIT THE INPUT FILE. THE 
VALUFS OF TIME", P A GE S~AN D~" SY STEM "RE Q UFS'TE D~~ A R=~T Y PTD ! N 1TN D PUT 
INTO THE JOB CARD, AND THE JOB IS PLACED IN THE G-21 QUEUE TO 3E 
RUN. 

W H E N I T R U N S , A N Y T E L E T Y P E O U T P U T I S P U T I N T H E ' O U T P U T 

F I L E ' , 0 N E C A N L O O K "AT" T H E " I N P U T F I L E OR T H E O U T P U T FL L"E_9Y""US I NQ 

I N T E R R U P T S 5 A N D 6. T_H_ E S E _ M 0 V E T H E M T 0 A D E S I G N A T E D P A S E J S P A C E 

T J O E S N O T H A V E T O B E R E S E R V E D F0"R-TFFE~PArGE TNT~TMHTT'OT'ERATI 0N, 

INTERRUPTS 7 AND 8 ARE NOT YET IMPLEMENTED BUT WILL PERMIT A 
P E R USA L OF THE" I N P U T 0"R—OUT P UT" FILE . THE SE FILE S AR E VE RY "MUCH" 
LARGER THAN CAN BE FITTED ONTO A PAGE, AND INTERRUPTS 5 AND 6 JUST 

"LOOK""AT THE~FTRSF FW^LOCKS"r_A~T~FHE"^^Tr,̂ T'CAN ONLY LOOK AT 
THE REST OF ONE'S OUTPUT BY.GETTING THE LINE PRINTER OUTPUT. THE 
SCOPES 1, 2, AND 3 ARE EQUIVALENT TO TFLETYPES MUMBFR 5, 6, AND" 7" 
RESPECTIVELY, AND LINE PRINTER OUTPUT IS NUMBERED WITH THESE 

"REMOTE"- NUMBERS. ALSO THE JOB CARD HAS THE WORDS SCOPES AND 
.COURIER., WHFN_ _THE COURIER SERVICE IS IN OPERATION; OUTPUT IS 
PLACED ON THE TA8LE I~N "P0RT~E R HAL L PASE MEN~T—NEAR ~ T~H*T~SC03ES_R00M~ 
OTHERWISE, ASK FOR IT AT THE I/O ..COUNTER. 



S C O P E S J,6 

W H I L E A P R O G R A M _ I_S_J N T E R A C T H | G W I T H T H E S C O P E S , T H E S C O P E 

M O N I T O R C A N S T I L L B E U S E D I N A N Y S T A T E . T H E I N T E R R U P T S D E F I N E D 9 Y 

T H E _ U S E R . _ W I L L O N L Y B E P A S S E D T O T H E U S E R P R O G R A M W H E N T H E S C O P E 

M O N I T O R I S I N T H E U S E R P R O G R A M I N T E R A C T I O N S T A T E . 



S C O P E S 

P R O G R A M P A G E  

P R E S S I N T E R R U P T N U M B E R 

2 ^ C O N V E R T P A G B A N D M O V E T O I N P U T T I L E 

3 . M O V E P A G E ( U N C O N V E R T E D ) T O I N P U T T I L E  

__4_. S U B M I T I N P U T F J _ L E I T I M E P A G E S S Y S T S _ M _ 

5 ^ D I S P L A Y I N P U T F I L E _AS.__PA_ E _E 

6 . D I S P L A Y O U T P U T F I L E A S P A G E  

7. F O R W A R D T E N L I N E S  

8 . B A C K T E N L I N E S 

9 . L O A D M O N I T O R M O D U L E O F U S E R  

1 0 . T R A N S F E R T O E N T R Y P O I N T 0 J L _ M . O D _ U L E O F U S E R 

1 1 . R E L E A S E M O D U L E O F U S E R  

1 2 . A L L O W P R O G R A M F R O M S C O P E T O I N T E R A C T 

F I G U R E 4 . 



SCOPES18 

THE _|NPUT_FIL_E IS MOVEDTO ANOTHER INACCESS18LE INPUT FILE ON 
SUBMISSION, AND THIS LATTER "INPUT FILE CANNOT BE LOOKED AT OR 
ALTERED̂  HEJJCE,___]T YOY_HAVE _MADE_A_M I STAKE_I M YOUR PROGRAM AMD 
HAVE ALREADY SUBMITTED IT, YOU CANNOT RECALL IT |T IT WILL BE RUM. 
IF YOU RESUBMIT* PROBABLY BOTH WILL RUN.  

SCOPE PROGRAMS ONLY HAVE THE SAME PRIORITY AS NORMAL TELFTY?E 
PROGRAMS, AND_ THEY CAN ONLY RUN FOR 3 MINUTES) HOWEVER,THE WAITING 
IN HANDLED DIFFERENTLY, TO MAKE IT EASIER FOR THE USER TO 3E 
PRESENT WHILE HIS PROGRAM IS RUNNING. ON SUBMISSION OF THE PROGRAM 
IT GOES TO THE TOP OF THE QUEUE (SM PRIORITY) AND WILL PROBABLY 
RUN WJTILIN 10 MINUTES OF SUBMISSION. JHE_S_C0PE MONITOR COMPUTES, 
AT THIS TIME, THE ALLOWED TI ME OF NEXT SUBMISSION, ALLOWED TIME = 
[REAL TIME -•(TIME OF SUBMISSION OF CURRENTLY RUNNING PROGRAM)} + 
R"EAL TIME. 

A SUBSEQUENT_ATTEMPJ_TO SUBMIT A PROGRAM WILL YIELD THE_ERROR 
MESSAGE 1SORRY NOT ACCEPTABLE't IF THE TIME THEN IS BEFORE THE 
ALLOWED T I_M E W HEN A_ PROGRAM IS_OUFJJEP THERE IS NO_Î[D I CAT IJ)N THAT 
IT IS QUEUED. WHEN IT "FINISHES, THE SCOPEM 0 N IT 0 R~D IS PL A Y S THE 
MESSAGE 'OUTPUT READY' AND THE USER CAN FIND TELETYPE OUTPUT IN 
THE OUTPUT FILE. 

INTERRUPTS 9 _~ 12 ARE NOT YET DEBUGGED AND ARE FOR WRITING 
•USER SCOPE MONITOR SUBSYSTEMS' OR ' USER MODULES', MODULES ARE 
DISCUSSED IN SECTION 8.  



SCOPES 19 

D. THE DEBUG STATE 

SEE F I CURE 5 . T H I S D I S P L A Y S A DYNAMIC CORE D UMP OF A MY REGION 
OF CORE OF THP G - ? l . THE REGION D I S P L A Y I S SELECTED BY TURNING THE 
A N A L O G " K N O B S AND S E T T I N G THE STATE S W I T C H E S . <NQ3 i I S THE LAST " 
TWO OCTA L __DJ_G I T S J __K NQB 2 THE MIDDLE TWO) AND THE 8 0 T T 0M ROW OF 
STATE SWITCHES " I S T H E T O P 4 B I T S OF THE ADDRESS, WHILE THE DUMP I S 
B E I N G D I S P L A Y E D , I T I S T Y ] N G UP T H E G - 2 1 , AND T H E U S E R PROGRAM I N 
L OWER " CORE I S NO T "9 E ING PROCESSED ; H 6 WE V ER / I N~f'E R R U P TS C AN 3 E 
PROCESSED. THUS T H I S F A C I L I T Y SHOULD BE_ USED S E N S I B L Y AMD 
C E R T A I N L Y NOT LEFT D I S P L A Y I N G FOR A L O N G T I M E , 

THE I N T E R R U P T S ^ALLOW ONE J O PATCH THE COR_E_. _ T H I S J S _ 0 0 N E _ 9 Y 
P U T T I N G A NUMBER INTO THE INPUT BOX. THE DEBUG STATE I S ENTERED I N 
C O R R E C O O D E . AND THE CURSOR I S_ E N A B L E D , ONE MOVES THE CURSOR TO 
THE INPUT BOX AND CORRECTS THE CONTENTS OF I T ; THEN ONE SHOULD GET 
OUT OF CORRECT MODE.  

" T N T ERR UP T " T ~ C Ci A R ' S T HE CO NT EN TS OF THE INPUT SOX" TO ZERO . 

INTERRUPT 2_ STORES THE CONTENTS OF THE INPUT ROX I N THE 
L O C A T I O N OF "THE OCTAL DUMP WHICH I S U N D E R L I N E D , 

INTERRUPT 3 PUTS THE CONTENTS OF THE UNDERLINED LOCATION INTO 
THE I N P U T " BOX'; " 

INTERRUPT 4 SWAPS THE CONTENTS OF THE INPUT BOX WITH THOSE OF 
THE UNDERLINED L O C A T I O N , " " ™ " " 

INTERRUPT 5 ALLOWS ONE TO TRANSFER TO ANY LOCATION) ONE 
PLACED" TH £ " LOG A TI 0 NTN~T H E~TNPU T~~8"0TTN ERR H E N n j ^ S " r S ~ T T T T W T J f P T ^ ~ 
THIS DOES A TRM WITH CONTROL OFF) HOWEVER, NOTE THAT CE AMD PE ARE 
"SET FOR THE SCOPE MONITOR, so THAT 
11) THE USER HAD BETTER RESET T H E f ! _ 

TO HIS OWN V A L U E S , ~ ""' " " ~ 
_ ( 1 1 ) HE _MUST_ KEE?_ HONTROL_0Ff_. 
ALSO NO~f E THAT *' 
( 1 1 1 ) HE MUST RETURN THROUGH HIS MARK. _ ^ 

I F ( I ) ( I I ) OR ( M I ) "ARE V I O L A T E D , YOU WILL " PROBABLY DESTROY 
J^_E__E.Nt;.PE...WORLD. 



S C O P E S 2 0 . 

T H E U S E R C A N L O O K A T A N Y R E G I O N O F C O P E ) H O W E V E R , H E C A N N O T 

A L T E R OR T R A N S F E R T O A N A D D R E S S I F I T I S N O T I N U S E R C O R E , I . E . , 

I N 1 7 0 T O / 7 3 0 0 0 . I F H E J T J ? I E S _ T _ 0 D O S O , T H E R E W I L L B E N O . R E S P O N S E 

F R O M T H E S C O P E M O N I T O R . 



SCOPES 2 

DEBUG PAGE 

_ S T 0 R E XNPUT ~ ~ 

3 7 ~ 10AD INTUT̂ mSH ÎELLORY" 
T. SWAP̂IWPTTT : 
_____ 

ooooooooooo 

005344 0 0 0 0 0 0 0 0~6~7 0000U0736- 00000001453 040500056̂ 2 
005350 0155000O10O 01730005632 00050000100 05550006732 

- 0053"54 0T7T0T0673?~0177UT07546 m W000 B QO~~0 6~0 — 00W04 " 
005360 00170005353 00050000002 01770076666 01770005300 

"TO5364 OOTOOOOOOOB" 0177000"3106" " 01770003106 "00170004312 

T H I S S P A C E R E S E R V E D F O R S Y S T E M M E S S A G E S 

F I G U R E 5 



SCOPES 22 

TEXT HANDLING HOPE 
PRESS INTERRUPT NUMBER 
2. SELECT PAGE 
i. SELECT FILE 
4. FORWARD TEN LINES 
5. BACKWARD TEN LINES 
6. GET TO S 
7. DUMP 
8. NAME CURSOR POINT TO BE 

STRUCTURE POINT 
9_.__ UNNAME STRUCTURE POINT 

10. GET TO POINT 
11. DISPLAY DIRECTORY OF STRUCTURE POINTS 
12. READ BLOCKS AT BLOCK FILE TO BLOCK PAGE 
13. WRITE BLOCKS AT BLOCK FILE TO BLOCK PAGE 

FIGURE 6 



SCPPES 23 

E. T E X T H A N D L I N G S T A T E 

SEE F I G U R E 6. T H I S S T A T E IS NOT YET D E B U G G E D . IT DOES THE 
MOyEMENT_AjvlD SCROLLJ NG ( ' R O L L ROUND »J OF_TE_XT , _ J T_I S D I S T I M C T FROM 
T H E T E X T E D I T I N G S Y S T E M W H I C H IS B E I N G D E V E L O P E D BY M I K t C O L E M A N 
AND IS CONCERNED WITH TEXT M A N I P U L A T I O N ON THE PAGE TO AUGMENT THE 
F A C I L I T I E S P R O V I D E D BY T H E H A R D W A R E . 

TO P E R U S E SOME T E X T , _ IT MUST BE ON A SCOPE_ F I L G _ . _ IT CAN BE 
MOVED O N T O A SCOPE" F I L E FROM AN AND ' F I L E BY J S I N Q AN A U X I L I A R Y " 
S Y S T E M ( Q , V . >_ A U X I ' L U R Y S Y S T EMS W IL L MO VE T E X T FROM AN A NO F I L E 
IN G - 2 0 C H A R A C T E R S AND CONVERT AND MOVE TO A S C O P E F I L E AND W I L L 
MOVE IT B A C K H A N D J 2 0 N V E R T IT B A C K . OR WE CAM MOV_E_JT I N S C O P E 
C H A R A C T E R ' S U N C O N V E R T E D B E T W E E N AND F I L E AND SCO=>E F I L E A MO ALWAYS 
K E E P IT IN S C O P E C H A R A C T E R S , _ U N T I L _ J _ T I S_ N E C ESS ARY_ TO B * I N T _ I _ T _ 
O U T . ' IT IS S U G G E S T E D THAT D O C U M E N T A T I O N USE T H E LEAD S Y S T E M . ( S E E 
S E P A R A T E W R I T E - U P ) ; IN W H I C H ONE I N S E R T S T Y P E S E T T I N G COMMANDS INTO 
T H E T E X T , SO if IS P R I N T E D OUT IN A P R E S C R I B E D F O R M A T . f f f E " L E A D 
COMMANDS C O U L O _ J F _ K E P T _ I _ N _ A L L JHE T I M E AS PART 0 F J T H 6 T E X T IT IS 
HOPED E V E N T U A L L Y TO BE A B L E TO O U T P U T ON T H E L I N E P R I N T E R OF T H E 

_ 3 6 0 _ W N _ I C H _ H A S _ U P P E R _ AND LOWER CASE C H A R A C T E R S , T H E 3 - 2 0 . _ O F _ _ 
C O U R S E , HAS ONLY 64 C H A R A C T E R S , I N C L U D I N G ONLY U P P E R CASE L E T T E R S ' . 
H A V I N G GOT T H E DOCUMENT INTO A S C O P E F I L E , ONE S E L E C T S .THAT F I L E 

TTS'ING IN TERR UP t 3 AND S E L E C T S A P A G E TO WORK ON USfNO I N T E R R U P T 2. 
T H I S W I L L A U T O M A T I C A L L Y GET 5 B L O C K S (AS MUCH AS CAM R E A S O N A B L Y 3E 
S E E N ON ONE " P A G E ) " T O R THAT P A G E AND E N A B L E I T . ' " T H E R E IS A 
S P E C I A L L Y RES F.RVED F I LE USED FOR_A J S C R A T C H AREA _ A N D O N E CAN N0W_ 
ROLL THROUGH T HE T E X T U S I N G I N T E R R U P T S 4 A N D " 5 . T H I S S U C C E S S I V E L Y 
B H\ NGS IN T E X T FR 0 M T H E S E L E C T_E n fjl E__0 N T 0__TH E_ 8 0 J T 0 M OF THE 
S E L E C T E D P A G E AND MO'VES T H E TOP OF T H E P A G E fNTQ T H E S C R T T ' C H A R E A , 
ONE_ CAN J J S E T H E HARDWARE F E A T U R E S TO A L T E R _ T H E T = X T , _ AND A L S O T H E 
S O F T W A R E " T E X T E D I T I N G " F E A T U R E S P R O V I D E D BY THE" T E X T E D I T I N G M O D E . " 
F I N A L L Y , TO PUT T H E E D J J E D T E X T ONTO A F I L E (WHICH C A N BE T H E SAME 
ONE) " ONE E X E C U T E S G£T TO <fi, WHICH PUTS E V E R Y T H I N G IN T H E S C R A T C H 
AREA £ S EL EC T S_A _F I L E_, jAND_ E X E C U T E S DUMP ONE MAY N O T BE A B L E TO 
BACK U P ' " T H E " T E X T " " ONTO 'THE SAME F I L E AS if MAY~H~ATE A L T E R E D IN 
L E N G T H ; HENCE_ T H E DUMP P R O C E D U R E SHOULD ALWAYS BE F O L L O W E D . IN 
ORDER T O W O R K MORE E A S I L Y , E S P E C I A L L Y WITH LONG F I L = S , I M T E R R U P T S 
8__JT0_ _ P R O V l D E T H E F A C I L I T Y OF I M P O S I N G S T R U C T U R E O N D T H E R W I S E 
A M O R P H O U S T E X T . T H E ' T E X T IS T R E A T E D AS A V = RY LONG S T R I N G O F " 
C _ H A R A C T E R S _ A N D CONTROL _CHA_RAC_TERS_. T H E U S E R C A N NA_M_E__A_NY P O I N T IN 
THE T E X T , BY "A 6 CHARACTER "NAME OF HIS"" OWN C H O I C E , RY G ' E T T I N G THE 
T E X T O N T O _ T H E S C R E E N , P L A C I N G T H E CURSOR AT T H E P O I N T ANT) U S I M G 
I N T E R R U P T 8. ONE CAN MOVE T H E P O I N T R E F E R E N C E D 3Y 4~GI V E M NAME 9Y 
S I M P L Y U S I N G 8 A G A I N . ONE CAM REMOVE T H E NAME A L T O G F T H E R 3Y US ING 
9, AND ONE CAN D I S P L A Y A D I R E C T O R Y OF NAMED P O I N T S C U R R E N T L Y USED 
B Y _ P R E S S I N G I N T E R R U P T 1 1 . _ O N E _ C A N _THEN GO J M M E D I A T E L Y TO ANY NAMED 
P O I N T " AND"" WORK "FROM THERE W I T H 4 AND "5". A'S THE" TEXT" MOVES RTC'K W AR D~ 
AND F O R W A R D , T H E SCOPE MONITOR K E E P S T R A C K OF TH= L O C A T I O M S OF THE 
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N A M E D P O I N T S ! H A C T U A L L Y P U T S A S C O P E N O - O P C O M M A N D ( N O O P E R A T I O N 

C O M M A N D ) A T T H E N A M E D P O I N T . T H E U S E O F L I N E N U M B E R S I S C U M B E R S O M E 

T O P R O G R A M » _ W A S T E F U L O F S T O R A G E S P A C E , B U T , M O R E I M P O R T A N T , V E R Y 

M I S L E A D I N G I F B A C K W A R D A N D F O R W A R D M O T I O N A N D A R B I T R A R Y I N S E R T I O N 

A N D D E L E T I O N A R E A L L O W E D . H O W E V E R , S O M E S T R U C T U R E I S N E E D E D , A N D 

T H I S H A S B E E N M A D E A S F R E E A S P O S S I B L E . 

U S E R M A N U A L 

I T I S H O P E D T H A T T H I S U S E R M A N U A L W I L L B E D I S P L A Y A B L E F R O M 

T H E S C O P E M O N I T O R ) H O W E V E R , T H I S I S N O T Y E T I M P L E M E N T E D . 

F 
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G . DRAWING STATE 

SEE ~ F " i G O r E 7 . " " ' T HTS S T A T E I S I NT EN DEO TO PRO V I OE EXTRA 
_F A C I L I T I E S _FO R___C ONSTRU CT INQ D I S P L A Y MATERIA L_. _N 0 M E 0 f _ I _ T _ J S 
DEBUGGED. " " 

INTERRUPT 2 SELECTS A PAGE FOR A T T E N T I O N . 

r R T E R R U P T " 3 " T l J T ^ 0 N E f N n T " R ^ T A r i W " M ' a D r . " ~ r i r T I T I " S r H l J l T F ~ « " " ' C r 5 I E ~ ' 
TURNS ANALOG KNOB I, THE VECTORS ON THE CURRENTLY SELECTED PAGE 
ARE ROTATED ABOUT THE P O S I T I O N OF THE CURSOR. 

INTERRUPT 4 PUTS ONE I N TRACKING f|0D<E. T H I S PUTS A TRACKING 
F I G U R E ON THF SELECTED PAGE. ONE CAN THEN USE THE L I G H T PEN TO" 
MOVE THE CURSOR AROUND.  

I N TER R " IP T X T UT S~0 N E~ HT~CU RVE ~D RA WTI W T 0 0 ^ TlT^THT5~~C~*~S"E~f AIT 
ONE MOVES THF CURSOR WITH THE L I G H T P E N , A CURVE I S DRAWN 
PERMANENTLY INTO THE P A G E . _ " 
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DRAWING MODE 

PRESS INTERRUPT NUMBER  
2 SELECT PAGE  

.3 ROTATIONAL MODE 
__4_ TRACKING MODE  

5 CURVE DRAWING MODE 

FIGURE 7 
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H. USER PROGRAM INTERACTION STATE 

ITi—THTS-STATE* "THE MEANING OF" THEINTERRUPTS "ARE' "A"5 "DEFIED" 
BY THE USER PROGRAM, THE_USE_«_ PROGRAM DEFINES THEM_8Y CALLING_R25, 
AND GIVING THE" INTERRUPT ENTRY POINT IN THE PROGRAM. THIS"IS 
EXPLAINED IN SECTION 6 . ONE CAN ONLY GET INTO USER MODE "HlLE THE 
PROGRAM IS ACTUALLY RUNNING. 

I . TEXT EDITING STATE 

THIS IS A SUBSYSTEM BEING DEVELOPED BY MIKE COLEMAN. 
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J . ERROR MESSAGES 

~ ER R O R M ESSAGES FROM TH E SCOPE MONITOR ARE F E WA NO "U'N HELPFUL. 
IT IS USUALLY POSSIBLE TO RECOVER AND JUST_CARRY ON FROM THE 
OPTION STATE AFTER AN ERROR. ' " " ' " ' " " ; 

1 . SORRY ROUTINE NOT YET IMPLEMENTED. 

2 . SORRY NOT A C C E P T A B L E . " I N D I C A T E S AN ARGUMENTIS NOT 
ACCEPTABLE. USUALLY OUT OF BOUNDS. ATTEMPTS TO USE A PAGE WITH 
NUMBER NOT IN [ 1 , 4 ) . ATTEMPTS TO READ IN A SCOPE FILE WITH 
NOTHING__ON I T ; ^ATTEMPTS TO ALTER CORE_LOCATIONS NOT IN JSER_CORE 
WILL .EVOKE THIS MESSAGE. THE STACK IS CLEARED, 

3 . UNSPECIFIED INTERRUPT. IF ONE PRESSES BUTTONS NOT DEFINED 
BY THE SYSTEM DISPLAY, 

4 . MULTIPLE INTERRUPT ERROR WILL OCCUR IF MORE THAN ONE 
' I N T E R R U PT" IS REQUESTED: FOR EXAMPLE," IF ONE I S REQUESTED 3=F0RE~A 

PREVIOUS ONE HAS BEEN PROCESSED. , ALL INTERRUPT REQJESTS ARE 
REMOVED, AND YOU MUST REREQUEST. 

5 . PANIC. THIS INDICATES THAT YOU HAVE RUN OUT Or SPACE, 
EITHER CORE SPATE^TTTSC^r^fACK^SPACE"". ff"T'NTff~A L T Z E S H f ^ ^TACK 
AND REMOVES CONTINUOUS MODE OPERATIONS. YOU SHOULD BE ABLE TO 
RECOVER, IF IT IS CORE SPACE, DELETING UNWANTED CORE BLOCKS WILL 
HELP.  

6 . ADDROP"<ADDRESS>. THlS SH0ULDN'T EVER H A ^ E N . IF IT DOES, 
WRITE DOWN THE VALUE OF THE ADDRESS AND SEND IT TO A. H, BONO, 
YOU MAY WELL BE ABLE TO RECOVER FROM THIS ERROR CONDITION, 

7 . U S E R E R R O R * T H I S I N D I C A T E S A N E R R O R H A S O C C U R R E D I N T H E 

C A L L I N G O F A S R O U T I N E B Y T H E U S E R P R O G R A M . " Y O U C A N R E M O V E T H E 
E R R O R M E S S A G E D I S P L A Y B Y G O I N G B A C K T O O P T I O N S T A T E M O M E N T A R I L Y . 

A N E R R O R CONDTTTON - I S I N D I C A T E D T O T H E P R O G R A M A M D A N ERR3R N U M B E R 
I S P A S S E D T O I T . A L I S T I S G I V E N A T _ T H E E N D O F _ C H A P T E R 7 . ' 

8-( SOMETIMES,- AS A RESULT OF A SERIES ;OF3ART!ALLY 
RECOVERABLE ERRORS, THE SCOPE MONITOR GRADUALLY DEGENERATES AND 
E X H T B ITS-" AN 0M A L OUl S~BTRA VTOR" U KE~SE T T T N <f ~R FN"0 0 M~P AT T ER'NTS-O'N-T~H E 
STATE LIGHTS, ETC. IN THIS CASE, IT IS TIME TO RELOAD. ALSO, IF 
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Y O U D O N O T R E C O V E R C O R R E C T L Y F R O M A N Y O F T H E E R R O R C O N D I T I O N S , Y O U 

C A N R E L O A D . Y O U R E L O A D 8 Y P H O N I N G T H E M A C H I N E R O O M ( E X T , 6 0 ) A M D 

A S K I N G F O R A R E L O A D O F T H E S C O P E M O N I T O R A T T H E: N E X T C 0 N Y E N I E N T 

T I M E . H A R D W A R E E R R O R S OR F A U L T S S H O U L D B E R E P O R T E D T O T H E R E S I D E N T 

P H I L C O C U S T O M E N G I N E E R S , C . C . E X T , , 5 9 , WHO A R E I N C H A R G E O F 

H A R D W A R E M A I N T E N A N C E . 



5. PROGRAMMING FOR GRAPHICS. 

A TYPICAL OUTPUT DEVICE,LIKE A DISC OR " PR I NTER,WITH AN 
AUTONOMOUS CONTROL UNIT. WORKS AS_FpLLOWS« THE OUTPUT MATERIAL IS 
PLACED IN A BUFFER WHICH IS PART nF THE ADDRESSABLE C O R E » I T MAY 

J±AVE TO BE A SPECIAL AREA OR CAN BE ANY LOCATION. THIS MATERIAL IS 
IN BIT "PATTERNS CORRESPONDING TO OPERATIONS PERFORMED BY THE 
OUTPUT DEVlCEj THE J)BVI_oys CASE_IS_THE CHARACTER . J_HERE MAY3E 
OTHERS WHICH CONTROL THE OPERATION OF THE DEVICE LIKE NEW LINE 
ETC. THE__TRANSFER IS_T_HE_N_IN_I TI ATED_BY THE C ^ H I C H CARRIES ON 
WITH OTHER TASKS WHILE THE I / O CONTROL UNIT PERFORMS THE I / O 
TRANSFER, THE CP AND THE I / O CONTROL UNIT COMMUNICATE EITHER BY 
MUTUALLY ALTERABLE SENSE SWITCHES OR BY INTERRUPT. THE I / O UNIT 
WILL SET AN INTERRUPT BIT WHEN READY TO _ S.TAR T_ _ A N_D WHEN 
TRANSMISSION IS COMPLETE TYPICALLY. A CP CAN COMMUNICATE WITH 
SEVERAU DEVlCES EACH HAVING ITS 0WN_CHARACTER SETj _S0_THAT THE 
INTERNALLY STORED VALUES DO NOT HAVE ANY INTRINSIC EXTERNAL 
REPRESENTATION t SUCH REPRESENTATIONS ARE PROPERTIES OF THE I / O 
DEVICE. INPUT FROM A TYPEWRITER USUALLY TRANSFERS A SINGLE 
CHARACTER _ _ O R _ L H L E _ o F CHARACTERS TO A BUFFER AND INTERRUPTS THE CP 
WHICH READS FROM THE BUFFER TO A PACKING" AREA, SCOPES ARE SOMEWHAT 
MORE GENERAL. THE I / O MATERIAL IS PLACED_ IN _A__BUF_FER_ FOR T_HE_SCOPE 
CONTROLLER TO DI SPLAY. MOST OF THIS MATERIAL HAS TO BE I N T E R P RET E D~ 
AS COMMANDS TO THE SCOPE. MOST SCOPES ARE RANDOM SCAN TUBES. 
MEANING THAT THE BEAM CAN MOVE EOUALLY EASILY TO ANYWHERE ON THE 
TUBE FACE ANO FURTHER IMPLYING THAT ONLY THOSE POINTS EXPLICITLY 
MENTIONED WILL BE SCANNED. THIS IS IN CONTRAST TO A TELEVISION 
WHERE EVERY POINT ON THE FACE SCANNED IN TURN. OUR SCO°ES ONLY 
HAVE TWO LEVELS OF BRIGHTNESS, BUT SOME HAVE FIVE OR- MORE, 
TELEVISION HAS A LARGE RANGE OF BRIGHTNESS AVAILABLE. THUS THF 1 / 
0 MATERIAL CONSISTS OF A SERIES OF COMMANDS TO THE' BEAM TO MOVE TO 
A CERTAIN POINT, DRAW A_ LINE TO ANOTHER POINT, NQW MQVE SOMEWHERE 
ELSE, NOW DISPLAY A CERT A IN CHARACTER AND SO ON. THERE MAY 3E 
SPECIAL BITS FOR BLANK ING CERTAIN ELEMENT S , ALTERING THE SIZE 
ETC. ALSO THE SCOPES OUTPUT FUNCTION IS A REGENERATIVE PRO CESS 
AND WE HAVE TO INSTRUCT THE BEAM TO DO THE SAME SCAN SEVERAL TIMES 
A SECOND TO GIVE A CONTINUOUS DISPLAY. THUS A TYPICAL BLOCK 
USUALLY OF WORDS OF GRAPHIC 
I / O MATERIAL IS SOMETHING LIKE THISI 

Al START SCANNING HERE 
MOVE TO X0,YO 
DRAW LINE TO X 1 . Y 1 
DRAW LINE TO X 2 , Y 2 
MOVE TO X 3 , Y 3 
DRAW CHARACTER NO 3 2 
LOQPBACK T O ^ l L _ 

OUR SCOPES HAVE A VERY NICE WAY 0F SCANNING» T~Hc DISPLAY MATERIAL 
13 SETUP AS RF L0CATA8LE BLOCKS WITH TRANSFER COMMANDS WHICH MUST 
CONNECT UP TO GIVE A LOOP AROUND WHICH THE SCOPE SCANNER OPERATES. 
THF DISPLAY MATERIAL MUST_ BE IN ONE SP EC IAL REGION OF ADDRESSABLE 



G-2Q CORE V I_7_. /160 0 0p_TO /J.7J227i THE_ADOR=SSES USE D__BY TH_E_ 
SCOPE SCANNER " A RE RELATIVE TO'7 l6 0"0 0 0 AND THE RE FOR E"" R A N 3 E FROM 0 
TP_ /17 777 . EACH OF THE THREE SCOPES CAN HAVE 4 PAGES AND INDEED 
EACH PICTURE IN THE CORE IS A SEPARATE MODULE OF DISPLAY MATERIAL. 
THE LAYOUT IS SOMETHING LIKE THIS I __ _ 

Al "DELIMIT A2 PAGE 1. SCOPE 1 
D I S P L A Y M A T E R I_A_L_ 
STORE COMMAND 

A2 DELIMIT_A2 PAGE 2 SCOPE 1 AMD 3 _ _ 
DISPLAY MATERIAL 

_ _ STORE COMMAND 
A 3 C Y C L E TO A l " ' " " ' 

THE SCANNER ENTERS A M_ODUL_E,__ REMEMBERS_T_HE FIRST WORD, UNTIL IT 
HITS A STORE COM MAND, THEN JUMPS TO THE ADDRESS M E N f 10 M E 0 IN THE 
FIRST WORD, FACH DISPLAY MODUL E CAN BE DISPLAYED 0_N ONE OF PAGES 
iTHROUGH 4 ON ANY COMB INATI ON OF SCOPES 1 , 2 . AND 3 TH= DISPLAY 

.MATERIAL _CA_N BE CHANGED BY A PROGRAM FREELY ALTHOUGH ONE S HOULD 
ALWAYS PRESENT A WELL-FORMED DISPLAY TO THE SCANNER. INPUT OR" 
CORRECTION OF DISPLAY MATERIAL FROM_THE HUMAN Aj; TH£ SCQ3E CAN BE 
ACHIEVED USING' ThE KEYBOARD OR RAND TABLET,"" THE I NPUt OT R f'T S 
INTO THE ADDRESSBLE MEMORY IS DONE BY THE SCANNER AS IT SCANS 
ROUND, ONE OF THE ADVANTAGES OF THE MODULAR LAYOUT IS THAT'NEW 
MATERIAL IS SIMPLY APPENDED TO THE END OF THE APPROPRIATE MODULE 
AND THE STO RE COMMAND MOVED DOWN. THE SCANNER WILL KE = => ADDING 

_NEW MATERIAL A S_RE QUESTED U_ fsTT I_L I T HIJTS AGAjNST THJ? NEXT DELIMIT 
AT WHICH TIME" 11 W TCU"" GENERATE A MEMORY F" ULL INTERRUPT", ToTTFY I NG 
THE SCOPE MONITOR, AND WlLL_REFUSE TO ENTER AMY MORE. I NPUT 
ACTUALLY WILL BE PLACED IN ANY DISPLAY MODULE DcSI3MATED AS 
ENAB_LED FOR THa T SCOPE AND THAT INPUT DEVICE. THE DESIGNATION IS 
BY MEANS OF CERTAIN BITS IN T HE DELIMIT WORD." THERE IS ONE BIT TO 
ENABLE THE MODULE FOR ALL_ENTRY, VECTORS_AND CHARACTERS FROM_ANY_ 

~0F"'~THE SCOPESDES'T GNATED-, "AND" TWO""" OTHER BITS "FOR TH£~K_Y"30A RDS 
FOR THE PARTICULAR!_SCOPE.L_ THE FULL DELIMITCOMMAND IS 

1 2> 0 AbttEtt A 

LLt' KfcY SCoPE DC LIMIT 
10 i b 4" m- 2 i . 1 0 

THE PAGE FIELD IS 2 BITS,SO CAN BE 0 = 4 , 1 , 2 , 3 , A INDICATES 
ALTERNATE MOOE-USUALLY ONLY USED BY SC0PE MONITOR"."= IS THE 
GENERAL ENABLE BIT . KEY IS 2 BITS ONE F OR EACH KFYRO*RD, FOUR 
CONSOLES ARE PROVIDED FOR RUT ONLY 3 INSTALLED, IF ScVEP AL 
MODULES ARE _F NABLED FOR THE__SAME DEVICE^ THE _HPUT MATER I AL_ WJLL 
BE ENTERED IN ALL OF THEM. THE NORMAL USER NEVER" SEES OR HAS TO 
BOTHER WITH THE DELIMIT, STORE OR CYCLE COMMANDS, THESE ARE 
MANAGED FOR HIM BY THE B ROUTINES. IT IS ARRANGED AS A SET OF 
STRINGS,EITHER CHARACTER STRINGS OR VECTOR STRIMGS WITH A HEADER 
COMMAND AT THF FRONT TO" INDICATE THE STARTING POINT HN THE 5CRF-E N. 
THUS A DISPLAY OF LINES AND CHARACTERS IS JL IKg _T H I_S 

h f a d e r " Y o " x o 
VECTOR INCREMENT Yj. X I 
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VECTOR INCREMENT Y2 X2 
HEADER Y3 *3 
CHARACTERS CI C2 C3__ 
CHARACTERS C4 C5 C6 ~ 
STORE _ 

THE ACTUAL FORM OF THESE WORDS fS AS FOLLOWS 

11 1 Y 0 
H E A D E R 

10 

1 1 0 | * Y T ! 8 A Y A X 
VecroiL 

1\ 1 * XI T . 1 I D n ID •i 0 
SY, SX ARE SI ON BITS, 8 IS THE BLANKING BIT* IF SET THE VECTOR 

"INC REMENT IS I NV I SI 8 LET T IS T H E T A Q~ B i f * IF SET THEN W lLL~BLIN K " 
OR INTENSIFY IF BLINK OR I NT E N SI FY SWITCHES ARE SET, 

10 0 1 Ti £| C2 It Si C 3 13 £3 
3t 1* %\ in \% II to t 0 

T I S T A G B I T ' S IS S I Z E B I T , I F S E T C H A R A C T E R I S D 0 U 3 L E S I Z E , 

C H A R A C T E R S A R E S C O P E C H A R A C T E R " S E T A S ~ G I V E N I N T H E H A R D W A R E 

M A N U A L . I N A A L G O L - 2 0 A W A Y T O S E T U P T H E S E W O R D S I S S O M E T H I N G 

»2t20 
* (C2»4 *T2»2 + S2) »2 + 10 
* TCJiT + T3*2*53TV 

SUCH MATERIAL SHOULD BE PACKED INTO AN ALGOL LOGIC ARRAY I N 
" C O R E — A N D " - T H E N — 3 3 C A L T E D " T C H M O V E - ! ~T~-f 0^"TfESTlTNUT^ i rTA3F 

NORMAL 
TN~TH~E~ 

DI SPLAY AREA. OTHER SCOPE OPERA TIONS AVAILABLE ARE 

1 3 0 X LfcFr 

1 0 6 K 

LIKE 
HEADER «• 8L3 + YO * 8R 4000 + X0 > 
VECTJNC - 8L120 + SY « 2t23 + SX#2t22 

• • T # 2*21 + B#2t20 
+ DELX*2U0 + DELXl 

CHARS - 8L2 * <C1 * 4 + T l * 2 + S D 

a 0 

W L W S E T N ^ G T N S n r O ^ ^ AFTER THEM I N TH= MODULE. 

r o C 
COMftW.fr 

2i 1 I o 

http://COMftW.fr
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T H I S S E T S A_ A O M P A R E _ T R . A £ ON A C E R T A I N C H A R A C T E R K E Y B O A R D ENDIMG 
A F T E R T H I S WORD IN T H I S M O D U L E . IF T H I S C H A R A C T E R IS T Y P E D I N . IT 
IS E N T E R E D ' I N .THE MODULE AND AND I N T E R R U P T IS G E N E R A T E D BY THE 
S C A N N E R . T H I S TS P R O C E S S E D BY THE S C O P E MONITO R AND CAN 35 P A S S E D 
TO A USER PROGRAM E N T R Y P O I N T IF D E S I R E D . 

o 1 pots'Zf&o 

%\ lo 2.1 

N O - O P _ HAS NO E F F E C T ON THE S C A N N E R , CAN 8= USED FOR K E E P I N G 
I N F O R M A T I O N AqOUT TH E P I C T U R E WITH THE P I C T U R - FOR C O N V I E M T 

_ P R O C E S S L N G , _ NOTE THAT DOUB_L.E S I Z E CHARA C T E R S ARE O B T A I N E D 3Y 
S E T T I N G THE S I 7 E B I T , BUT S U B S C R I P T S I Z E C H A R A C T E R S BY IMC L U D I N G 

_ T H E S U 3 S C R I P T S H I F T C H A R A C T E R _IN THE„ S T R I N G . A N E X A M P L E OF A 
PROGRAM SEG MENT IN A L G O L - 2 0 FOR D I S P L A Y I N G A S Q U A R E S I D E 100 
S T A R T I N G _ A T ( 2 0 0 , 5 0 0 ) , _ 

L O G I C A R R A Y A [ i J 2 01 J 
A C l ] « - _ y E A D E R ( 2 0 _ 0 . J . 0 0 > J 
A t 2 l - V E C T O R U 0 n , 0 , 0 ) ) 
A C3 ] V E C I P R i 0 , 1 0 0 , 0 ) 1 
A [ 4 ] M / E C T O R ( " 1 0 0 , 0 , 0 > ) 

_ A ( 5 l « - V E C T O R ( 0 , - 1 0 0 , 0 ) : 
B ( 3 , L 0 C ( A t l ] , P A G E * 0 , 0 , 0 ) ) 

TO A L S O PUT THR. .WORD. .1 S O U A R E ' AT ( 2 0 0 , 3 o n ) W E CAM USE Bp JO C O N V E R T 
TO T H E S C O P E C H A R A C T E R C O N V E N T I O N S 

c t u - ' S o u A ' ; 
C [ 2 ) - « R E » ; 
B ( 0 » L O C ( C I U ), L 0 C < A £ 7 J ) _ J _ 6 , 0 , 0 ) 1 
A I 6 1 - H E A D E R ( 2 0 0 , 3 0 0 ) J 
B ( 3 # L 0 C t l I 6 ] ) _ ,_P_AGE,J ) , _0 ) j 

U S I N G THE S C O P E A L G O L L I B R A R Y , ONE D O E S N ' T HAVE TO USE T H I S 
G E N E R A L I T Y _ I N _ S E T T J N - G UP A D I S P L A Y . T H E _ S A M = D I S P L A Y COULD 3E 
A C H I E V E D BY 

L I N E ( 2 0 0 , 3 0 0 , 3 0 0 , 5 0 0 ) J 
L I N E ( 3 0 0 , 5 0 0 , 3 0 0 , 4 0 0 ) ) 
L I NE ( 30 0 , 4 0 0 , 30 oy 40 0 )J 
L I NE( 2 d'6', 4 0 O", 3 0 b","5 OT)) 
A l U - ' S Q U A ' ) 
A C 2 3 * - ' R E ') 
B ( 2 , L . 0 C ( A l l ) ) , 2 , 2 0 0 , 3 0 0 , P A G E ) ) 

BUT WOULD BE MORE W A S T E F U L , AS EACH C A L L OF L I N E P R O D U C E S A H E A D E R 
_ A N J O E C T O R J N _ C R E M E j M T _W0_RD_. 
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6 . W R I T I N G I N T E R A C T I V E PROGRAMS. 

A • TH£ P *o_un.n_Es 

ALL INTERACT ION ' BETWEEN PROGRAM AND" ' THE" "SCOPES IS 
ACCOMPLISHED BY USING THE B ROUTINES. THE B ROUTINES ARE ACCESSED 
THROUGH A SPECIAL INTERFACING ROUTINE. THESE MECHANISMS NEED NFVER 
BOTHER THE AVERAGE- USER, IF HE SJMP_LY_USFS JHE_COPIES 0/ THE R_ 
ROUTINES IN THE SCOPE SUBPROGRAM LIBRARY (SECTION 7 > . " THUS IN 
_ALQOL-eo_OR_ FORMULA ALGOL OHE SIMPLY WRITER _ 

B (BNUM, A R G 1 , A R G 2 , A R U 3 . A R Q 4 , A R G 5 5 J AND IN SPITE 

B BNUM, A R G j , A R G g , 8NUH I S THE NUMBER OF THE 3J*PJJTP(E 
R E Q U I R E D . NOT "ALL ARGUMENTS ARE USED FOR ALL B R O U T I N E T T MOST O F " 
THEM HAVE TO DO WITH P A S S I N G INFORMATION FROM THE PROGRAM TO THE 
SCOPES, BUT A FEW GO THE OTHER WAY! E . G . , 8 8 , WHICH *E~AD~S THE 
ANALOG KNOB_S_._ I N THEJ3ESCR I_PT I ONt__OF THE 8 R O U T I N E S , A R G 1 , E T C . 

. A R E ogNOTED BY R52 E T C . I T I S TO BE NOTED T H A T THE VALUrS OF THE 
ARGUMENTS _ARE CHANGED BY A CALL ON A B R O U T I N E , AND T H I S CAN LEAD 
TO HAVOC T E.G.,"" C A L L I N G 8 8 WITH Z E R O S F O R A R G U vi SNTS A AND 5 WI L L 
CAUSE THE ALGOL CONSTANT D TO BE REPLACED BY ANOTHER V A L U E . TO 
AVOID T H I S O N E CAN USE A GLOBAL BOOLEAN V A R I A B L E OUT, TF OTTTTS 
FAL_S_E_,__THEN NO OUTPUT_OF VALUES W I L L _ O C C U R , _ A WD__N_0_OVERWRI T | N Q _ 
W I L L OCCUR, I F ' OUT I S T R U E , OUTPUT W I L L OCCUR, AND, I N H i S C A S E , 
ONE CAN PUT SOME DUMMY ARGUMENT^ I_N T H E L P A * A M 6 T E R L I S T ' 1 F T H J 
L O C A T I O N OF SOME D A T A I N "AN ARRAY' OR SCALAR I D E N T I F I E R I S NEEDED, 
ONE MUST USE L I B R A R Y INTEGER PROCEDURE LOC I N ALGOL OR FQRML, 

Which FINDS THE ADDRESS WHERE~THE ACTUAL VALuETTRXirro"RTin thus 
LOC (A t i l ) I S THE _AD_DRE_SS_ C O N T A I N I N G JHE_VA_LUE DF_A r 1 LOC I S I N 
THE "S COPE L I B RARY FOR A L G 0 L~0 R" FO R M L . " I F Y 0 U NEED THE L ffUTTIO N OF 
A PROCEDURE ENTRY PO_I_NT __0R L A B E L , YOU USE _THE L 1 BR AR Y _ I NTEGER 
PROCEDURES PROpLOC OR LABELLOC R E S P E C T I V E L Y I N " A L 3 0 L - 2 0 . A L L ' THE " 
ARGUMENTS TO 9 A R_E_J_NT EG E_RS, I F AN ERROR OCCURS ON C A L L I N G B DUE 
n S ^ I N C O R R E C T ARGUMENTS", 9 W I L L P R I N T AN ERROR M̂TSTGT~5TD SET 
BNUM* - 1 . THE REASONS FOR ERRORS ARE DESCRIBED I N D E T A I L_ I N THE 
D E S C R I P T I O N OF THE B ROUTINES I N S E C T I O N ' 6 . THE D E T A l u S OF T H E 
INTERFACE ARE G I V E N I N SECTION 1 0 . I N A D D I T I O N , A N D ON A HIGHER 
LEVEL THAN THF B ROUT I N E S , ~ THPRE ARE SEVERAL USEFUL SUBPROGRAMS I N 
A L G O L , FORML AND S P I T E I N THE L I B R A R Y FOR DOING HIGHER L F V E L 
TASKS'"; FOR FITAMPLE7~~ PR0CEDURE~~NUM ( X , Y , N ) " W I L L ' T A T P A REAL 
V A R I A B L E N AND D I S P L A Y IT AT X , Y I N - 5 D . 3 Z (OR 5 8 . 3 ) F O P M A T . THE 
FULL I / O F A C I L I T I E S OF A L G O L - 2 0 C A N R E U S E D IN READING "ROM AND 
• P R I N T I N G * TO THE D I S P L A Y P A G E . T H I S I S S I M P L Y ACHIEVED J S l N G THE 
SCOPE L I B R A R Y PROCEDURES READ.PAGE AND P R I N T , D N , 3 A G E , W H I C H ' A'RE 
EXACTLY ANALOGOUS TO READC<W>) AND P R I N T ( < W > ) . E . G . _ _ R E A D . P AJ3E 
READS A "CARD' ^ ROM " T H E SCOPE FACE INTO A B U F F E R , "wHT'CH" C A N " T H E N 3E 
READ I N THE USUAL WAY WITH A READ STATEMENT. AT 3 RE SENT , A PROGRAM 
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_CAN ONLY INTERACT WITH THE SCOPES I F I T HAS BEEN SUBMITTED FROM A 
SCOPE AND I F T H E " JOBCARD- USER I S LOGGED I N ON THAT SCOPE. AT THE 
T E R M I N A T I O N OF A USER PROGRAM CONTROL GOES, TO I f l AND THENCE BACK 
TO SCOPE MONITOR TO ALLOW I T TO UNSET ALL THE SWITCHES SET BY THE 

..PROGRAM . HENCE THE USER SHOULD NOT PATCH I 0 . „ _ 

BEFORE I N T E R A C T I O N CAN OCCUR THE PROGRAM MUST ANNOUNCE I T S E L F 
BY C A L L I N G . B - l , 

T 0 D I S P L A Y T E X T . " O N E ' S PROGRAM W I L L NORMALLY SET I T UP I N 
Q-2.0 JiHA„R_ACTER_SJ!__SQ ONE. HAS TO CONVERT TO SC3PE CHARACTERS AND 
MOVE I T TO THE SCOPE D I S P L A Y R E G I O N . 

_ B _ 0 A N D _ 9 1 W I_L L _C ON VERT TEXT Q E T WEEN _ G - 2 0 CHA RACTER SET AND 
SCOPE CHARACTER S E T . 

B 2 CONVERTS TEXT AND_ MOVES J J _ _ ) _ J _ _ I SPLAY _REG_I_ON I N ONE 
O P E R A T I O N . 

B 3 MOVFS A REGION ALREADY I N SCOPE FORMAT TO TH_ D I S P L A Y 
R E G I O N . 

TO D I S P L A Y VECTORS, ONE MUST SET THEM UP I N a LOGIC ARRAY AND 
USE B 3 . ONE CAN E A S I L Y SET UP A DESIRED L O G I C ARRAY USING 
PROCEDURES HEADER, VECTOR, L I N E , CURVE, E T C 8 1 5 , B 1 6 , B 1 7 , B 1 8 

o K r E - ¥ q s t - - R E s e R V E SPACE I N THE D I S P L A Y AR r A 8 Y "C ALL~i NG B15 J 
THE PAGE DOES NOT NEED TO BE ENABLED FOR THE PROGRAM TO ENTER 
D I S P L A Y M A T E R I A L BUT NEEDS TO BE ENABLED FOR THE HUMAN USER TO 
ENTER D I S P L A Y M A T E R I A L .  

" " B 1 6 , B 1 7 . B18 E N A B L E , D I S E N A B L E AND D E L E T E A PAGE 
R E S P E C T I V E L Y . 

B 1 9 APPENDS ONE PAGE TO ANOTHER 

8 2 0 D I SEN A B L E S A L L PA G E S . 

B"2 AND B3 ACTUALLY A P P l N D NEW DTSPLA Y"~" MXTER' ITL T O - T H E 
E X I S T I N G P A G E . 



_Bg8^CLEARS A PAGE. 8 4 AND B5 PERFORM RECIPROCAL OPERATIONS TO 
8 2 AND B3 IN COPYING DISPLAY MATERIAL FROM A"GIVEN PAGE INTO A 
GH/EN AR_R_AY_ I N T HE USER PROGRAM^ 

B 4 CONVERTS ALL TEXT TO G - 2 1 CHARACfE~R~STT AMO IGNORES ALL 
VECTORS. THE.ARR AY e0 UL D THEN BE PRINTED OUT IN A FORMAT, 

Q g - c 0 p I ? s WITHOUT "CONVERS ION, A PROGRAM"CAN "ONLY DEDUCE 
INFORMATION AROUT THE PI SPLAY BY COPYING IT INTO AN ARRAY AND 
SEARCHING "THE AREA FOR FEATURES LIKE KEYWORDS, 

8 6 , B 7 , B 8 . 8 1 0 , 9 1 1 PROVIDE COMMUNICATION WITH THE CURSOR, ANALOG 
KNOBS AND USER STATE SWITCHES, 

Bft READS THE CURSOR. 

B7 SETS THE CURSOR. 

"B* READS THEANALOG KNGb"S AND STATE 

SWITCHES. 

"BIT"READS THE STATE SWITCHES ONLY, 

B l l SETS THE STATE SWITCHES, 



B. USER INTEHRUPT5 

( I ) B 1 2 . B 1 3 _ S 2 2 . - B 2 4 ARE FOR COMPARE INTERRUPTS, B l 3 DEFINES 
THE U S E R E N T R Y P O I N T TO BE ENTERED WHEN A COMPARE INTERRUPT OCCURS 
ON ANY CHARACTPR_, THIS PCCJJRS_ IN ANY_S_TATE OF THE SCQPg MONITOR. 
EXCEPT DURING TYPING INTO THE SCOPE MONITOR; WHICH USES A COMPARE 
CHARACTER, R12 SETS COMPARE INTERRUPT ON A SPECIFIED CHARACTER FOR 
A SPECIFIED PAGE, 8 2 2 RESETS THE COMPARE ROUTINE TO THE STANDARD 
SCOPE MONITOR ROUTINE, B 2 l REMOVES COMPARE ON A SPECIFIED 
CHARACTER ON A SPECIFIED PAGE, B24 SETS AN ENABLED CURSOR AND 
IjNIE RRU Pj_R 0 U TINE ON A SPE C IF I ED CHARACTF R ̂  ^ 

( I I ) B 1 4 . R 2 3 A R E F O R T H E M E M O R Y F U L L I N T E R R J 3 T , 8 14 S E T S T H E 

U S E R E N T R Y _ O Q I N T _ W H I C H _ I S E N T E R E D O N M E M O R Y " U L L . 9 2 3 R E S E T S 

M E M O R Y F U L L R O U T I N E T O T H E S T A N D A R D S C O P E M O N I T O R R O U T I N E , 

( I I I ) B25__ DEFINES _T_HE_ USER ENTRY POINT FOR THE INTERRU = T_ 
BUTTONS 1 - 1 5 . ~ AFTER B25 HAS BEEN EXECUTED AND PROVIDED THE S C 0 9 E 
MONITOR I J _ IN _ USER MODE^ THE INTERRUPT BUTTOJIS WILL CAUSE AN 
INTERRUPT IN THE USER PROGRAM AND FOR CONTROL. TO BE PASSED TO THE 
SP EC I F I E D_ P R 0 C E D_U RE OR E NTRY PC INT,  

INTERRUPTING USER PROGRAMS 

ALGOL PROGRAMS 

_ _ IN ALG0L-?rj^ THE ENTRY POINT OF_ A PROCEDURE OR THE LOCATION OF 
A LABEL CAN B E USED AS THE USER INTERRUPT ENTRYPOI ' - iT , THE CODE 
FOLLOWING WILL N0RMALLY__MAKE DECISIONS ABOUT THE COMPUTATION AND 
CAN B"E C A L L E D "THE USER INTERRUPT" SERV ICE ROUTINE ( F f 3 R K A SIMPLE 
WAY TO DEFINE THE INTERRUPTS AND ENTRY POINT I S : 
WH L B L T3j ' 
WH CLA 0 T i t _ _ 
AL V5.-ACC. ' ~'~ " 

„AL B J 2 5 . V 5 , E T C ) J L _ 
THE INTERRUPT" ENTRY PO ÎNT WOULD THEN OCCUR AT THE BOTTOM OF THE 
PROGRAM AND B E 
WH Tl ENT ; " " • 
AL ETC 
THIS CAN BE DONE SEPARATELY FOR INTERRUPTS FROM T H E BUTTONS AND "" 

_FHOM_COMPARE C M A R A C T E R S . _ THE ENTRY POINT IS TRANSFERED TO WITH A 
T R e TN S T R U C T ION SO " T H A f ' C 0 N T R 0 L "W T L L "~B"E" O N " lM "T HE U'l S'R "UUS SS" -THP 
FIRST INSTRUCTION AFTER THE ENTRY POINT IS 

http://B12.B13_S22.-B24
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WH 5 X R O / 7 7 7 7 6 , C E *  

I F Y O U W I S H T O R E T U R N T O T H E I N T E R R U P T E D C O M P U T A T I O N * Y O U H A V F T O 
P O P T H E M A I N M O N I T O R I N T E R R U P T S T A C K . T H I S C A N B E D O N E B Y 

R E T U R N I N G T H R O U G H Y O U R M A R K ( A P R O C E D U R E E N D I N A L G O L ) , S I N C E T H E 
S C O P E M O N I T O R P U T S I T S OWN I N T E R R U P T E N T R Y M A R K I N T H E U S E R 
I N T E R R U P T E N T R Y P O I N T . I F C O N T R O L H A S W A N D E R E D A R O U n T H F O R E T H E 
D E C I S I O N T O R E T U R N T O T H E I N T E R R U P T E D C O M P U T A T I O N H A S B E E N M A D E , 
Y O U M A Y E F F E C T T H E R E T U R N B Y R E T U R N I N G T O T H E S C O P E M O N I T O R * 
H O W E V E R * T H E _S W I T C H E S W I L L B E U N S E T B Y T H E C L O C K I N T E R RJLJ P T S W H I L E 
I N T H E U I S R , SO WE P R O V I D E A B R O U T I N E ( 3 2 7 ) T O S E T U P T H E 
S W I T C H E S C O R R E C T L Y A N D R E T U R N C O N T R O L T O T H E M A I N M O N I T O R . I F Y O U 
W I S H T O P A S S ^ C O N T R O L J0~ANOThT R ~ ~ P 0 1 N T T N " T m ! ~ P R 0 W m 7 ~ T G 0 " T o 
S T A T E M E N T W I L L E F F E C T A L L T H E S T A C K P U S H I N G R E Q U I R E D S O T H A T T H E 
V A R I A B L E S A R E C O R R E C T L Y R E D E F I N E D . 

P R I N T I N G HAS TO BE CAREFULLY CONTROLLED I N ALGOL PROGRAMS 
WHICH ALLOW I N T E R R U P T S . I F A N INTERRUPT OCCURS DURING P R I N T I N G AND 
THE U I S R P R I N T S * THEN I T I S MORE OR LFSS I M P O S S I B L E TO RETURN TO 
THE O R I G I N A L L I N E OF C O M P U T A T I O N . ONE CAN SAVE THE INTERRUPT P R I N T 
L I N E AND P R I N T L I N E POINTER BY ; _ _ _ _ 

LOGIC ARRAY A l - 2 : 1 2 0 j ; T E M p V | 2 5 l l BUFFERSET ( • PR I NT i , A I 0 I ) I 
MP_ RESTORE I T LATER * HOWEVER * I F THE NAM E AND P R I N T STATEME NTS I N 
OPERATION HAVE 8EEN CHANGED» ONE CANNOT RECOVER THTW] TF f f f E U I S R 
PASSES CONTROL TO ANOTHER PART OF THE PROGRAM AND NEVER WISHES TQ 
CONTINUE AT THE INTERRUPTED P O I N T , THEN THE P R I N T I N G W I L L WORK OUT 
ALL R I G H T . SOME: SAFE RULES ARE ( 1 ) D O N ' T P RJ_NT OUT I N T H S _ U I S R , 
( 2 ) TURN OFF THE CONTROL SWITCH DURING P R " I N T I N Q j B U T , AS 
D I S C U S S E D , THESE ARE NOT R I G I D R U L E S .  

EXAMPLE OF INTERRUPT D E F I N I T I O N I N ALGOL 

I . US ING A LABEL 
B E G I N INTEGER E N P T * C S W , I N , S N , C C »  

W LBT t n 
WH • CLA 0 T l ;  
A L — E N P T - A C C J 

B ( 2 5 * E N P T * L 0 C ( C S W i , L 0 C ( I N ) * L O C ( S N ) , L O C < C C ) ) J 
LOOP I C O N T I N U O U S A C T I ONS> T " G O I ~ f O ~ t O O P I 

WH T l ENT ; INTERRUPT ENTRY P O I N T 
a_l * ;.. 

< A C T l O N S > l Q i ^ O - N E l ^ T T O N l 
WH TRA 1 T i l RETURN TO INTERRUPTED 

C 0 H P U T A T I - 0 N -

AL i ; ; 
END* 
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I 1 . JJSI NG A PROCEDURE 
BEGIN 
LIBRARY^PROCEDURE PROCL.OCJ 
PROCEDURE UJSRI 

_<ACTI0NS>) GO TO NEWACTIONj _ _ _ 
END GOES BACK TO INTERRUPTED ACTION. 
B 1 2 J _ P A 0 _ W C ^ 
<CONTINOUS ACTIONS> } 

£JLRJ_ULA___ALGOL PROGRAMS 

FORMULA _ALGOL COMPILES CODE WHICH IS HEAVILY DEPENDENT ON 
RUN-TIME ROUTINES. IF ANY RUN-TIME ROUTINE IS INTERRUPTED BY THE 

_S C 0 P E MO N I TO R WH I C H _ THE N_ CALLS THE UI SR_WH I_C H I N TURN CALLS THE 
INTERRUPTED RUN-TIME ROUTINE,THEN GLOBAL PARAMETERS.LI<E RETURN 
MARKS,INDEX REGISTERS AND TEMPS) ARE SOON FORGOTTEN._THEREFORE THE_ 
ONLY CODE WHICH CAN BE USED WITHOUT DRASTIC SAFEGUARDS IN THE UISR 
IN FORMULA ALGOL IS CODE WHICH DOES NOT CALL ON RUN-TI M_E_ ROUTJ NES^ 
HOWEVER IF THE UISR AND THE CODE FOLLOWING THE CALL ON 3 2 5 ARE 
COMPLETELY I NnEPENpEjNT AND_ DO NOT CALL ON THE SAME ROUTINES THEN 
ONE HAS MORE FREEDOM. 0~PE~RATIONS WHICH DO NOT USE THE RUN TIME 
ROUTINES INCLUDE STORING.AND ACCESSING OF SIMPLE^VARIABLES(3UT N0T_ 
ARRAY ELEMENTS),AND THE OPERATIONS + , - , » , / , * , v , I F THEN ELSE, 

„SIGN,ABS,ENTIER, AND GO TOtLOCAL BACKWARD TRANSFERS ONLYJ^ 
HOWEVER, WITH INTIMATE KNOWLEDGE OF FORMULA ALGOL AND A LISTING OF 
ITS RU N -JJ_ME_R 0_U TINE S_,__T H E_ E X PE R.IEN C E D_ U S E R _C A N BUILD HIS UISR SO 
THAT IT CAN CALL ON ANYTHING, THIS WOULD PROBABLY BE: DONE 3Y 
WRITING_ SMALL MACHINE CODE ROUTINES, CALLABLE ONLY_WITH_ CONTROL _ 
OFF, WHICH WOULD SAVE AND RESTORE THE CONTENTS OF A LIST OF" 

_MAC_H_INE_ LOCATIONS. THE UISR WOULD PROBABLY LOOK L K E THIS^ 

EXAMPLE OF INTERRUPT DEFINITION IN FORMULA ALGOL 

SN CDLC 0 

PROCEDURE INTERACT} BEGIN INTEGER -LOCISR) 

SN CMPL 
SN CMPL 
SN CMPL 
~S"N~~CMPT 

07200 

0050000000 

1330011000 

13377 0 0 O i l ' 

ERA 

ADD 

ST I 

" s f f 

NC READ NEXT COMMAND REGISTER 

5 NUMBER OF INTERVENING COMMANDS 

UISR SAVE LOCATION OF UISR 

L0CTS'R"USED fN"CALL t'NG 325 

0 



SCOPES 40 

G O A R O U N D ' 

SN CMPL Q UISR ENTRY POINT 
SN CMPL 0760067776 EXR Q /77777-S13-$0 t 

TURN OFF CONTROL. AND H MOD 
SN CMPL 3770011001 J_RM SAVE SAVE VARIABLES  

CODE PREFERABLY -HITH CONTROL OFF 
SN CMPL 3770011002 TRM RESTORE RESTORE VARIABLES 
SN CMPL 6370011000 TRE 3 UISR GO BACK TO MONITOR 

GROUND I JF J (25,' LOCJ SR»E TC ) THEN PRINTT . CANT- . INTERACT) t  
END IS TO INTERACT; 

THE ABOVE CODE AND PARAGRAPH ON THE INTERRUPTION! OF FORMULA ALGOL 
PROGRAMS IS BY RUDY KRUTAR WHO SHOULD BE CONSULTED ON ALL' RELATED 
MATTERS. IN FORML, THE PRINT ROUTINES ARE RECURSIVE AND THEIR 
VARIABLES ARE IN THE GENERAL COMMUNAL RECURSION STACK, THUS, IT 
SEEMS THAT ONE CAN ONLY PRINT IF THE UISR DOES NOT PRINT, AND IF 
IF ALWAYS RETURNS TO THE INTERRUPTED COMPUTATION. ONE SHOULD NOT 
INTERRUPT DURING CALLS ON MAIN MONITOR ROUTINES, IF ONE IS GOING 
TO USE THEM IN THE UISR, AND THEN TRY TO RETURN TO THE INTERRUPTED 
COMPUTATION.  
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C. INTERACTION WITH MORE THAN ONE SCOPE 

TO INTERACT WITH A DIFFERENT SCOPE FROM "THE ONE SUBMITTED 
FROM* A PROGRAM S I M ° L Y USES THE B ROUTINES AS USUAL* BUT IN 
ADDITION SETS THE ~SCOPE NUMBER BY USING ALGOL PR0C EDU R E ~ 
SETSCOPENUM(N) . IT DOES NOT NEED TO BE SET BEFORE EV5RY CALL 
OF A BPOUTiNE, JUST ONCE. 
THUS* TO READ THE STATE SWITCHES ON SCOPE ?, ONE PERFORMS 
NSAVE-SCOPENUM) SETSC0PENUMC2) J ZERO-Ol OUT*-TRUEl 

_B (10 * Z F RJP * S_T S W , DU M , D U M , D U M. M 0 UT-F A L S E J S E T S C 0 P E M UM ( M SAVE) ; 

NOTE WE SAVED THE NUMBER OF THE SUBMISSION SCOPE BY USING 
ROUTINE _SCOPENliM. SETSCQPENUM AND SCOPENUM MERELY SET AND _ 
READ INDEX REGISTER 5 1 . 

ONE CAN THUS HO ALL THE USUAL I N T E R A C T I O N S W I T H ' A N Y OTHER 
~ SCOPE, HO WEVER' * T H E B R 0 U T I N E C A L L S W I L L ALL GIV = " E R R O R ' 

E X I T S U N L E S S P E R M I S S I O N TO INTERACT HAS BEEN G I V E N _ 3 Y THE 
USER AT THE SCOPE TO BE INTERACTED W I T H , BY U S I N 3 ~ I N T E R R U ' f 

„ 1 3 „ . I N _ J H E PROGRAM STATE. . 
USER INTERRUPTS FOR ANOTHER SCOPE ARE DEF INED BY US HQ B 2 5 . 
UPON ANY USER I N T E R R U P T , THE SCO_P_E_ NUMBER I S PASSED TO TH_E__USER 
PROGRAM, 

F_I_NALLY_»ONE_ CA_N DJ SJPLA Y j * J 3 1 VEN _PAGE ON MORE THAN ONE SCOPE, 
BY USING R26. THIS TAKES PARAMETER RS?.WHICH "TS THE 
BIT PATTERN AT THE END OF THE DELIMIT CONSISTING OF 4 ^ I T 5 
FOR SCOPES 3 * ? , 1 AND 4 RESPECTIVELY, SN CORRESPOND I NG"~fo" SCOPE M. 
THUS IF A PROGRAM WANTED TO DISPLAY A PAGE ON TH= SUBMISSION 
SCOPE AND ANOTHER SCOPE N, IT WOULD DO SOMETHING L I < F THIS 
Nl«-SCO P E N U M ; _9 IT P a Tj- 21 N i - ? t N I B(2 fi^A G E_*_R I TP_A_J_, 0 , 0_* 

OF" COURSE , T F PERMISSION HAS NOT BEEN G I VEN," " f T 
WILL NOT DISPLAY. 
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D . O V E R A L L C O N T R O L S T R U C T U R E . 

MIGHT BE L I K E T H I S . 

fhcg 

_ _ L _ 

T 

_>re*.H/pT-_. 

3L 

Awe 

Tb 

Sc«rfpe-imVr Sc«rfpe-imVr 

U o ^ f 

SE-LErCTfrp 

A c n e * 

7 
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7. D E S C R I P T I O N ! OF THE 8 R O U T I N E S . 

B- l ANNOUNCE AM O N L I N E USER 
P A R A M E T E R S t USAGE NUMBER FROM L O G - I N 
O U T P U T ! R 5 t : SCOPE NUMBER 
E R R O R _ l F j L L L _ N O T _ S U B M I T T E J ) 

FROM A SCOPE 
_ 0 R _ _ ±_ < I D NOT LOGGED IN 

P E R M I T S A PROGRAM TO I N T E R A C T WITH SCOPE M O N I T O R , USER 
SHOULD._NOT P A T C H 10. DO NOT C A L L B<-1> T W I C E IN THE S A M E . 
RUN 

.BO C O N V E R T S G ? l . C H A R A C T E R . S T R I N G S P A C K E D 
4 PER WORD I N f 0 S C O P E S T R I N G S P A C K E D 

_ I N D I S P L A Y _FORMAT 
P A R A M E T E R S I 

O U T P U T ! 
ERROR I F : 

R E L O C A T I O N OF F I R S T 
WORD OF G21 T E X T 

R 5 3 . - L 0 C A T I 0 N TO R E C E I V E F U S T WORD 
OF THE C O N V E R T E D T E X T 3 L O C * . 
T H I S A D D R E S S MUST BE IN USER C O S E . 

R 5 4 « N JMIBER _0F C H A R A C T E R S J0 C O N V E R T , _ 
NONE 
R53 OUT OF B O U N D S . 

Bl C O N V E R T S S C O P E C H A R A C T E R S T R I N G S 
P A C K E D IN D I S P L A Y FORMAT INTO G21 
C H A R A C T E R S _ P A C K E D 4 _ P E R _ W 0 R D . 
P A R A M E T E R S I R 5 2 . - 8 A S E OF SCOPE S T R I N G , 

R 5 3 * L 0 C i T I 0 N _ T 0 _ R E C E I V E F I 3 S T 
WORD OF THE G21 S T R I N G . 
T H I S A D D R E S S MUST BE IM 
USER C O R E . 

O U T P U T } 
ERROR I Fj 

R 5 4 * - L E N G T H OF_ S C O P E S T R I N G 
IN WORD'S. 

NONE 
R53 OUT OF B O U N D S . 

B2 C O N V E R T TEXT AND A P P E N D TO PAGE 
N A T P O S I T I O N ( X , Y ) _ 
P A R A M E T E R S ! R 5 2 . - R A S E OF G21 T E X T 

P A C K E D FOR 4 PER WORD. 
R53«"LENGTH OF T E X T IN WORDS, 
R54. -X 
R55.-Y 
R 5 6 . - P A G E N U M B E R . 

O U T P U T ! NONE 
ERROR IFJ ( i ) PAGE ALREADY FULL 

" ( I I ) S T R I N G TOO L O N G . "" 
. . D I S P L A Y S TEXT _ON SCOPE F_ACE._ O N E MUST 1AVE_*E_3UE_STED_ 

A V A I L A B LE S PA C E FOR THE PAGE IN QUEST I ON" IN~ADVANCF OF 
C A L L I N G 82. 
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B3 APPEND A LOGI'C BLOCK OF 
( AjJ*Ejy)Y_CjpjNVE_RJE_D_)_DJ SPLAY 
M A T E R I A L TO ' PAGE N. " 
P_ARAMETERS_i__ R 5 2 j J A S E J>F_BLOCK_ 

TO BE MOVED. 
R 5 3 * P A G E NUMBER.  

OUTPUT. NONE. 
„ ERROR I F : ( J J NO STORE I N P A G E . 

OR ( I D ATTEMPT TO OVERLAY 
A D E L I M I T . 

MOVES A BLOCK OF SCOPE COMMANDS INTO THE H - W D L T L E AND 
APPENDS I T TO AN E X I S T I N G PAGE. CURRENTLY I T ONLY TESTS 
FOR D E L I M I T S AND C Y C L E S . OTHER I L L E G A L CONSTRUCTIONS ARE 
NOT_ TESTED FOR) T H U S , THE D I S P L A Y SHOULD BE HELL FORMED 
AND SHOULD .INCLUDE A S T O R E . 

_ _ MOVE PAGE N TO USER rJORE, CONVERTING ~ 
A L L SCOPE CHARACTERS.  
PARAMETERSl R52.-RAGE NUMBER, 

R 5 3 - L 0 C A T I O N I N _ U S ER CORE TO  
R E C E I V E CONVERTED T E X T . 

OUTPUT i NONE . 
ERROR I F l ( I ) R53 OUT OF BOUNDS, 

( I I ) PAGE HAS NO B L O C K S .  
TEXT I S ENTERED INTO USER MEMORY.. NOTE THAT ONLY G 2 1 
CH A R ACTER3 ARE CONVERTED AND ALL E L S E_ I S IGNORE D I N THE 
CONVERSION PROCESS. N 0 N - G 2 1 CHARACTERS ARE CONVERTED TO 
BLANKS AND VECTORS ARE S K I P P E D .  

8 5 M O V E A P A G E T O U S E R C O R E  
W I T H O U T C O N V E R S I O N . 
P A R A M E T E R S , R 5 2 * P A Q E N U M B E R . 

R 5 3 * L 0 C A T T 0 N " I N U S E R C O R E 

T O _ W H _ I C H _ T H E B L O C K _ _ 
._ .. g I L L B E M O V E D " . 

O U T P U T ; N O N E .  
E R R O R I F : ( T j R 5 3 O U T O F B O U N D S , 

OR ( J I ) P A G E H A S N O B L O C K S , 

E V E R V T H I N G F O L L O W I N G T H E D E L I M I T I S M O V E D T O U S E R C O R ? . 

B E P R E P A R E O _ X p _ _ A C C E P . T T H E _ F U L L _ _ P A G E . 

B 6 R E A D T H E C U R S O R .  
P A R A M E T E R S : N O N E 
O U T P U T _ i _ _ R 5 2 « - X 1 

""""' R 5 3 * Y 
T H E P O S I T I O N O F T H E C U R S O R I S O B T A I N E D F R O M T H E P O S I T I O N 
W O R D I N T H E H-MODULE, 

B7 SET THE CURSOR. 
PARAMETERS: R52»*X 
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R 5 3 - Y , 
OUTPUT: NONE. 

THE P O S I T I O N WORD I S CHANGED SO THAT THE CURSOR I S 
R E P O S I T I O N E D AT ( X * Y ) . 

B8 READ THE ANALOG KNOBS. 
P_AR AM E.T.ERSJ N.0 N E:, 
OUTPUT j R 5 2 - K N 0 8 1 

_ • R 5 3 - K N Q H 2 _ _ 
R54. -US8R STATE SWITCHES 

B I T P A T T E R N . 
R 5 5 - A L T ( 1 ) OR NORMAL(O) MODE. 

GETS THE -PQSITIONS OF THE ANALOG KNOBS FROM THE P O S I T I O N 
WORD I N THE H-MODULE. 

8 9 NOT" YE"T"SPECIF I E D . ~ ~ ~ ~ 
B I O READ THE STATE SWITCHES . 

PARAMETERS t R52<-ALT ( 1 O R N O R M A L ( 1 ) MODE . . 
OUTPUT! R53«-STATE WORD. 

~ B l l " ~ ' S E T ' tHE _ STATE"' ' 'Sw"l"TCH'EsV 
PARAMETERS: R 5 2 - D E S I R E D S E T T I N G . _ 

OF STATE WORD. 
OJJTPUT: _NO_NE. 

LOADS R52 INTO THE STATE WORD. 

8 1 2 SET COMPARE ON CHARACTER ' : 

O N _ P A G E _ N . :  

PARAMETERSl R5~4*CHAR~ACT~ER TO 
_ _ C OM P A R E_OJL, 

RSS^PAGE NUMBER. 
OUTPUT t NONE. _ _ 
ERROR I F : ( I ) I L L E G A L PAGE NUMBER 

_ ( I D NO ROOM LEFT ON PAGE _ 
OR ( I I I ) D E L I M I T FOLLOWS S T O R E . ~ ~ 

CREA_TES__ A _ COMPARE COMMAND FOR THg S U P P L I E D SCO=>E 
CHARACTER. E. G". RETURN" WOULD BE 8 R 7 5 . AND INSERTS I T I N " 
PAGE N I M M E D I A T E L Y FOLLOWING THE D E L I M I T , THE PROGRAM 
SHOULD D E F I N E THE COMPARE ROUTINE BEFOREHAND, 

8 1 3 "SET"COMPARE R O U T I N E . 
PARAM_g_TE_RS_l__ R_55i-C0MPARE_CHAJRACT_ER_ L O C A T I O N FOR VALUE 

R56«-A DURESS OF 
USER R O U T I N E . 

OUTPUT: NONE. 
ERROR I F : R56 OUT OF BOUNDS. 

SETS USER ROUTINE TO BE EXECUTED WHEN A COMPARE INTERRUPT 
OCCURS. N O T E _ THAT __THE ROUTINE MAY BE EXECUTED AT ANY 
T I M E . 

http://R55.-C0MPARE_CHAJ.jAC
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B14 SET MEMORY FULL ROUTINE.  
PARAMETERS r R56*-ADDRESS OR USER 

RjOUTlNEi. 
OUTPUTi NONE. 
ERROR_IF j _ R56 OUT OF BOUNDS. 

SETS USER" ROUTINE TO BE EXECUTED WHEN A MEMORY FULL 
INTERRUPT IS GENERATED. NOTE THAT THIS ROUTINE MAY BE 
EXECUTED AT ANY TIME. 

B15 GET N BLOCKS- FOR PAGE M^ • 
PARAMETERS! R52.-PAGE NUMBER 

R53-NUMBER OF BLOCKS 
OUTPUT. NONE. 
ERROR IF t ILLEGAL PAGE NUMBER.  
SAME TASK AS ON MANAGEMENT PAGE. 

B16 ENABLE" PAGE N. ' 
PARAMETERS! R52*PAQE NUMBER. 
OUTPUT! NONE. 
ERROR I F l ILLEGAL PAGE NUMBER.  

B17 DI SENABLE PAGE N 
PARAMETERS! 
P_UTPUL*_ 
ERROR I F l 

R52-PAGE NUMBER. 
NONE. 
ILLEGAL PAGE NUMBER. 

B18 DELETE PAGE N. 
PARAMETERS I R52«-PAGE NUMBER 
OUTPUT! 
ERROR I F ! 

NONE. 
ILLEGAL PAGE NUMBER. 

SAME AS TASK IN OPTION STATE. PAGE 
AVAILABLE SPACE AND INFORMATION IS LOST. 

IS RETURNED TO 

B19 APPEND PAGE N TO PAGE M. 
PARAMETERS I R52>PA"G"E NUMBER N. 

R53-PAQE NUMBER _M. 
OUTPUT! NONE. 
ERROR I F ; ILLEGAL PAGE NUMBFR. 

SAME TASK AS IN 0"P"TTON~STTTE . 

~B" 2 0 D ISE N A BLE'TlL INP U T "FROM THIS 
SCOPE. _ _ 
PARAMETERSI NONE. 
OUTPUT: NONE 

DISENABLES ALL PAGES FOR THE GIVEN SCOPE. 

B21 REMOVE COMPARE ON CHARACTER 
ON PAGE N. 
P A"RTM E TERS ( " R" 5 "4 - C H A R A CT E R TO 

ccilPAR_ E _0Jii 
— R55•<PAGE NUMBER. 

OUTPUT t NONE. 



E R R O R I F : I L L E G A L P A G E N U M R E R . 
S E A R C H E S " T H E P A G E ^ O R ' a F W c U R E N ^ f T C T T ~ C ^ ^ 
O N T H F S P E C I F I E D C H A R A C T E R A N D I F F O U N D , C O N V E R T S I T T O A 
S T O R E C O M M A N D . ' " " 

" B 2 2 RESET COMPARE"" R O U T I N E ; 
PARAMETERS: NONE. 
OUTPUT: NONE. 
RESETS THE STANDARD MONITOR 
R O U T I N E " FOR THE COMPARE R 0 U T I N E , "" 

9 ? 3 RESET MEMORY FULL R O U T I N E . 
PARAMETERS! NONE. 
e u j p u x * - ^ - - - ^ 

R E S E I S THE STANDARD MONITOR ROUTINE FOR THE MEMORY FULL 
R O U T I N E . 

8 2 4 S E T E N A B L E D C U R S O R A N D I N T E R R U P T 
O N C H A R A C T E R , 
P A R A M E T E R S :„ R .52±1S 

n *"> o ̂  T 
^ C H A R A C T E R FOR COMPARE 
R55.-PAGF NUMBER ."" ' " 
R56.-C0MPARE R O U T I N E . 

OUTPUT, NONE. 
_E R R. 0 R _ l £_• ? l.l IJ-L EG A L__PA G_E. J i U MJ_FR.._ 

N B

 ( SIa m«T n? LpSuMnl 
t u t * 2 n . . T i N P n t i i r t d?S a n amh =h * 
! u " L r c IJ p & p "I F P n ^ l t l f i L THF PUR cnc I t ' (~X Y f S PT <f T 

, f - t i r ^ h V i i n t h p r S a p i f * t p i r * i s ? ^ r - T T n ^ r ^ -
?SVJi2uSx "bJS n « p ° pa• ?Fn P l t h p 

n P N T T P i p ; I n u h ? ™ tS ts r n p n N ' ^ ' ' T, so 
T O O R T A T N T H E 9 C O P E N U M B E R A N n T O L i S E ( < ^ I f c H Q « T D u q TA I N T H t SLOPENUMBbK,AND TO USb A CONTROL S W I T C H , B 2 5 
SHOULD H e " A L L t U A a W b L L . 

"~r? 5—npr"fw'p'"ITspw t " n T P r r i j p t q 
' ™ - ™ > R52* -USER ' ENTRY P O I N T t . . . . . . . 

- IllE"' 
"NONE 

.« P. "A-iJ CJ2.« 

K T ! r , . . u s e r ' e n t r y p o i n t d o e s 
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R 5 5 , R 5 6 W H E N U S I N G 8 2 5 . T H E U S E R C O N T R O L S W I T C H A L L O W S 
T H E U S E R P R O G R A M T O ' D E C L A R E I T S E L F " T ^ T E R ' r T p T A ^ ' T s ™ 
D E S I R E D . I F I T I S N O T E Q U A L T O Z E R O W H E N T H E I N T E R R U P T 

O C C U R S , " T H E S C O P E M O N I T O R D O E S N O T P A S S C 0 N T R 0 L ~ 3 U T K F E P S 
L O O K I N G _ O N C E A S E C O N D U N T I L T H E V A L U = _ O F T H E S W I T C H I S 

Z E R O / A S E C O N D I N T E R R U P T D U R I N G T H I S T I ME W I L L G I V E ' " ' 
M U L T J P L E___ I N T E R_R U P T E R R O R A N D B E I G N O R E D . B U T T H E F I R S T 

O N E W I L L S T I L L B E P R O C E S S E D C O R R E C T L Y , 
B _ 2 6 _ S E T C R T F I E L D O N P A G E N . _ 

P A R A M E T E R S I R 5 2 - N 

_ R 5 3 - B I T S F O R _ _ 
C R T F I E L D . 

O U T P U T , N O N E .  

T H I S R O U T I N E " A L L O W S T H E U S E R P R O G R A M T O D I S P L A Y ON M O R E 

T H A N O N E S C O P E . T H E T 2 2 T A B L E I N T H E S C O P E M O N I T O R H A S 
B I T P A T T E R N S F O R E A C H S C O P E I N D I C A T I N G ~ T H A T T H E H U M A N H A S " 
A L L O _ W E D _ I N T E R A C T _ I O N W I T H P R O G R A M S F R O M O T H E R S C O P E S . T H E 

N O R M A L E N T R I E S A R E S i , $ 2 , A N D S 3 . R E S P E C T I V E L Y . I F S C O P E 
2 _ A L L O W E D I N T F R A C T I O N W I T H P R O G R A M - R O M S C O P E 1 , I T S 
E N T R Y W O U L D B E C H A N G E D T O $ 1 + 1 2 , T H E U S E R P R O G R A M 
I N D I C A T E S I T S D E S I R E T O D I S P L A Y I N B O T H S C O P E S U S I N G B 2 6 
A N D P A S S I N G T H E L I S T P A T T E R N $ 1 + S 2 . T H E U S E R P R O G R A M ^ C A N """ 

O N L Y D I S P L A Y O N T H O S E S C O P E S F O R W H I C H P E R M I S S I O N H A S 

— B E E N G I V E N , S I N C E T H E 8 I T P A T T E R N I S ' E X T R A C T E D WITH T H E " 
E N T R Y I N T H E T 2 2 T A B L E . T H E E X T R A C T E D P A T T E R N B E C O M E S T H E 
C R T F I E L D OF" T H E D E L I M I T O F S U B S E Q U E N T L Y P R O D U C E D D I S P L A Y 

P A G i s ^ ; 

B 2 7 RETURN TO INTERRUPTED C O M P U T A T I O N . ]  

PARAMETERSl NONE. " ' 
OUTPUT: NONE. 

USE I N THE USER TNTERRUPT S E R V I C E ROUTINE TO CONTINUE THE 
INTERRUPTED C O M P U T A T I O N . I F YOU WISH TO CHANGE TO A 
DiFF 'EREN T L I N E ' OF COM PUT AT I ON, USE A GO TO STATEMEN T . 

B ~ 2 8 — C L E A R A P A G E " . ~ ~ " '"' 
P A R A M E T E R S ^ R 5 2 - P A G E N U M B E R . 

o u t p u t ! n o n e " 
E R R O R I F : I L L E G A L P A G E N U M B E R . 

1 N S E R T S A S T O P E C O M M A N D A F T E R T H E D E L I Ml T' ON~"P"AGE~~N . ' N O T E 

T H A T A T T E M P T I N G T O C L E A R A P A G E O F Z E R O L E N G T H W I L L 7 E R 0 

A D E L I M I T A N D " P E R H A P S D E S T R O Y I n F O R M A T I O N ' T 

T H E F O L L O W I N G A R E N O T Y E T I M P L E M E N T E D 

B 2 9 M O V E PAGE_N_T_p F I L E H . 
PARAMETER'S! R52"«-N 

R 5 3 * M 



OUT PUT i NONE. 
B30 HOVE LOGIC BLOCK BASE N LENGTH 

_ L TO- F I L E M. 
PARAMETERS! R 5 2 - N 

R53«-L 
R54.-M 

OUTPUT; NONE 
B 3 1 MOVE F I L E M TO PAGE M, 

PARAMETERSl . R 5 2 - M 
R53.-N 

OUTPUT j _ NONE. 

_ B A 2 _ M 0 y . E _ _ F . I L e M_TO L O C A T I O N N .  
PARAMETERSJ R52>M 

R53.-N _ _ _ _ 
OUTPUT i NONE. 

B 3 3 ^ READ I N A 3 - D I G I T INTEGER 
AT [ X . Y ] . 
ERR0R_ I F : I L L E G A L PAGE NUMBER.  
PARAMETERS: R 5 _ * X 

R 5 3 - Y . . . . . . 

B 3 4 RE AD _ I N A S T R I N G OF CHARACTERS _ 
AT t X , Y ] , 
P_ARAMFTE_RSl R 5 2 - X 

R 5 3 - Y 

" B 4 ( T GETS SCOPE~MAH NUMBER, 
G I _ V E N j 3 - ? 0 MAN_ NUMBER, 
PARAMETERS! R 5 2 - G - 2 0 MAN NUMBER. 
OUTPUTS: R 5 3 - S C 0 P E MAN NUMBER. 

B 4 _ l _ GET_S_COPE MONITOR SYMBOL N . 
PARAMETERS! R 5 2 - N 
OUTPUTS: R53*-VALUE OF SCOPE 

~ " " " ' MONITOR SYMBOL. 
N - 1 U 3 5 , FETCH A MODULE 

2 1 6 0 , PAGE ADDRESS TABLE 
_ _ _ 3 U 2 9 , RELEASE A MODULE 

4 U 5 , PUSH THE STACK 
5 _ U 6 , POP THE STACK 
A U 1 7 , E X I T 
7 J 1 5 , CONVERSION_TABLES_FROM 

G - 2 0 -» SCOPE CHARACTERS 
8 T 3 1 , SCOPE MONITOR T I M E USED TODAY 
9 Y 6 , TRACE 

10 Y 1 0 5 , TRACE BREAKPOINTS 
1 1 Y 7 2 , TRACE TA PL FS 
i 2 T 7 4 , _ i s r r e t u r i _ j » o i n t _ 

http://_BA2_M0y.E__F.ILe
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TO OBTAIN THE ADDRESS OF A PAGE 

AL DUM>"2 »'"OlJT^TRUEl B ( 4 1 , DUM , TflO » D U R T D U M V D U M ) I 

OUT«-FALSE! ADDR«-T80-l + SCOPENUM + 3*pAGEl 
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ERROR NUMBERS, 

THE SCOPE" MONITOR PASSES AN INTEGER IN THE ACCUMULATOR 
WHICH IS„THE J-OCATION IN THE SCOPE MONITOR WHERE _T_HE__ERROR_ 
WAS DETECTED . THF FOLLOWING TABLE RELATES THESE~ I NT EGERS 

J 0 THEIR MEANIN GS 
ERROR NO BROUTINE MEANING 

1 6 7 0 0 3 SEVERAL. 

167014 
167145 
167164 
167211 
167355 

1 7 1 4 0 2 

171406 

2 

2 _ 
3 

_L2_ 

INTERACTION UNACCEPTABLE.EITHCR 
(A > REMOTE FROM WHICH JOB WAS 
SUBMITTED IS NOT 
A S COPE I (E,_ NO T I N [5.7). 

167J44 6_ 
171365 
173 37-2. 

17 0R_18„ 
SEVERAL 
SEVERAL 

OF USRR LOGGED IN OR(B)MANNUMBER 
i=MANNUMBER 
OM JOB CARD OF PROGRAM, 
PROGRAM ATTFMPTJNG T3 INTERACT 
WITH A SCOPE FOR WHICH PERMISSION 
HAS_NOT BEEN GI.VEJ.̂  

SEVERAL 
SEVERAL 

BROUTINE WITH THIS NUMBER 
DOESN'T EXIST. 
PAGE DOESN'T EXIST 
_NO ROOM LEFT ON PAQ_E_ 
NOT ENOUGH" SPACE, 
EITHER(A) _NLO__PAGE EXISTS 
OR(B)NO STORE COMMAND FOUND ON PAGF 
_QR<C) A_ DELIMIT. IMMEDIATELY X0LLOWS_ 
THE STORE(PAGE FULL) 
PAGEJMÔNOT IN[i,_4]_. . 
PAGE NO.NOT IN [1.4]. 
_P AGE. J)_0 ESN'T £X_I ST S  LOCATION GIVEN IS NOT IN USER CORE 
I.E. NOT IN t/10000 ,/730001. 
'LOCATION GIVEN IS NOT IN UPPER CORF 
I.E. NO_T IN [/160000./177777] . ^ 



8 . SUBPROGRAM L I B R A R Y . 

WE HAVE " O N L Y JUST S T A R T E D T O SET UP T H I S L I B R A R Y . L I S T I N G S 
CAN BE OBTAINED^FROM THE R E S P E C T I V E AND F I L E S . USER CR3B_B14_l 

ALGOL SUBPROGRAMS F I L E 3 2 / P J 
FORMULA ALGOL SUBPROGRAMS F I L E 3 ] . / P |  
S P I T E SUBPROGRAMS F I L E 3 3 / P * 

PROCEDURES I N ALGOL AND FORML THE SCOPE ALGOL 1 L I B R A R Y CAN NOW 
BE USED "AS AN OUTER BLOCK TO ANY ALGOL PROGRAM. YOU NEED A N E X T R A " 
END,OF COURSE. THESE PROCEDURES WERE WRITTEN BY RUDY K R U T A R , J I M 
K I N G , A L A N BOND AND DAVE VAVRA. THE L I B R A R Y I S CURRENTLY B E I N G 
M A I N T A I N E D AND _E X TENDED BY_RUSSELL MOORE , TO WHOM SUGGES H 0 N S _ AND^ 
QUERIES SHOULD BE D I R E C T E D . 

1 . INTEGER PROCEDURE L O C ( N ) t INTEGER N) G I V E S THE ADDRESS 
WHERE THE VALUE OF AN I D E N T I F I E R I S STORED. FOR A R R A Y S T T O C U t l l ) 
W I L L G I V E THE 1ST WORD OF THE ARRAY. 

2 . LOGIC PROCEDURE DECML (NUMBER)i INTEGER N U M B E R i " G E T S THE 
DECIMAL G-2D CHARACTERS FOR THE VALUE OF NUMBER AND PACKS THEM I N  
DECML. 

3 . BOOLEAN PROCEDURE B ( B N U M , 3 5 2 , B 5 3 , P 5 4 , 8 5 5 , J356 ) VALUE 
_ B N U M l INTEGER BNUM. H52 , " " 8 5 3 , 9 5 4 , B 5 5 7 ~ B j CALLS 3 - R O U T I N E ^ 

NUMBER BNUM. ON_^ERROR E X I T , 8 I S T R U E , NORMAL E X I T F A L S E . HENCE, 
I F B ( ) THEN GO TO E X l T j W I L L CALL THE B R O U T I N E . 

4 . AN A L T E R N A T I V E VERSION OF B , WHICH HAS GLOBAL 3 0 0 L E A N 
V A R I A B L E S OUT AND P R . 1 F OUT I S TRUE PARAMETERS"ARE "OUTPUT. I F PR 
I S T R U E , TH E VALUES _0_F P A RA ME TER S AND NATURE OF g X l T ARE P R I N T E D . 

5 , P R O C E D U R E B A ( B N U M , E T C ) I S A "PROCEDURE RATHER THAN A 
FUNCTION AND CALLS ON B . _ 

6" i L O G T c " P R 0 G E ' D T i R E - H E " a " D _ R ( " X T y T i V a O E X , Y i I T ^ ' E G T R - T T Y T 
COMPUTES A HEADER I N S T R U C T I O N AT X , Y . NOTE THAT X , Y_ MUST L I E J_N 
CO, 1 0 2 3 J , 

7 . LOGIC PROCEDURE VECTOR < X , Y , S G ) > VALUE X , Y , S G t INTEGER 
XTYJ LOGfC~SG7~C0"MPUTES™A"VECTOR "STR"rNG~1£LEMENT"W T T " H ~ P ~ X " ^ X " ~ f i Y - - " 
Y . SG = H U S U A L L Y , SG = 2 FLAGS THE VECTOR SO THAT I T W I L L B L I N K 
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OR INTENSIFY ACCORDING TO THE SETTING OF STATE SWITCHES. 

8. LOGIC PROCEDURE CHARAC (C, S G , I ) ) I N T E G E R " ' C " SG, I I 
PRODUCES A SCOPE CHARACTER IN A WORD IN POSIT ION_I s l . _ 2, OR 3. 
SG IS THE TAG F I E L D , SO SG s 2 GIVES B L I N K I N G AND H T E N S I F I CAT I ON . 
C IS THE SCDP E _C H A RA_CTER NUMB_ER_AS GIVEN _JJN_THE_3_UAT_SE MANUAL, 

9. LOGIC PROCEDURE CHARSTR ( C I , C>, C3, S G l , S«2. S33) I 

10 . PR 0 C E D U R E_C H A R A C TER (X ,_Y >_CU_l NTEGE R_Xj__Y J L 0 3 I C I PUTS 
A CHARACTER ON THE SCREEN AT "POINT ~X~ /~ "Y . " C "i S A SCOPE 
CHARACTER-STRING WORD AS OBTAINED BY, USING CHAR AC OR CHARSTR.__ IT 
CAN ALSO BE OBTAINED BY 

C + 8L2 » FLRN » 4; WHERE N IS THE SCOPE CHARACTER NUMBER FROM 
THE" QUATSE MANUAL. CHARACTER HAS" ONE CHARTCTER PER WORD AND A 
SEPARATE HEADER FOR EACH CHARACTER, AND IS, THEREFORE, WASTEFUL OF 
S P A C E , G-20 CHARACTERS ARE BEST PUT ON THE SCREEN USING 32. 

11 , PR 0_C EDU R E_ NU M ( X ,_Y_,__N > J _ VALUE N; INTEQ E R X, Y; REAL N J_ 
TAKES" A REAL NUMBER N', F"INDS DECIMAL CHARACTER FORM, AND PUTS IT 
ON_THE_SCREEN AT_X,Y I N A - 5 D . 3 Z FOR_MAT._ 

12. PROCEDURE LINE <XI, Y i , X2~," Yjh V INTEGER""x'i, Y I , X2, Y2j 
PUTS A LINE FROM ( X I , YD TO (X2, Y 2 ) , WITH A SEPARATE HEADER. 

13, PROCEDURE G E N E R A T E ( X , Y, T, DT, MORN)) VALUE DT, NORM; 
R§A_L_ X, Y, T, DT, MORMi GENERATES A CURVE WITH PARAMETER T WHOSE 
X, Y " A R E G I V E N B Y E X P R E S S I O N INVOLVING T WHEM ACTUALLY CALLING 
GENERATE. THUS 

G E N E R A T E ( A * S I N ( T ) , B * C O S ( T ) , f , D T , N O R M ) ; 
WILL PLOT AN E L L I P S E . 

IT DOTS ' I"T" BY LINE SEGMENTS, AND I T~C A~. C CL'TT E S" T HE'S E~TO~R" 
INTERVALS IN T OF DT, IT ASSUMES A SQUARE SCREEN WHOSE LINEAR SIZE 
IS NORM IN RELATION TO THE VALUES OF X, Y. 

14, CURVE (X, Y , _ T , DT_, TA, TB)I INTEGER X, Y? REAL T, DJ, 
"TA, TB j PLOTS fROM TA TO TB " "" ~ " ~ 
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1 5 . INTEGER PROCEDURE SCALEX ( X ) l REAL Xt 

INTEGER PROCEDURE SCALEY (Y) I REAL Yl THESE "ALLOW EASY 
SCALING. GLOBAL VARIABLES XA, XB, YA, YB, 5XA, S * B , SYA A SYB 
INDICATE THAT THE PART OF THE SCREEN USEDWILL 8E FROM SXA TO SXB 
AND SYA TO SYB, WHERE THESE LIE IN [ 0 , 1 0 2 3 1 . AND THAT THIS WILL 
CORRESPOND TO VALUES XA, XB, YA, BY IN THE REST OF THE 
COMPUTATION. THUS 

CHARACTER (SCALEX ( X ) , SCALEY ( Y > , C ) . PUTS A CHARACTER ON THE 
SCREEN AT POINT X, Y IN THE USERS SCALE.  

THERE ARE A N EQUIVALENT SFT OF PROCEDURES TAKING REAL 
ARGUMENTS FOR P_OS I TI ON_ AND USING _SC_ALJ X AND SCALE Y, THESE ARE 
DESIGNATED BY AN ADDED 1"ON t H E N A ME . T H U S , C H A R A C T E R S , NUM1, 
L l N E l , CURVE1, ETCi 

1 6 . REAh.PARE<N,RBUFT. . R j A D S THE CONTENTS ^^y^! i^ r M pT 
LENGTH 1 BLOCK > I NTO .THB READ BUFFER RBUIFF PACKsD 1 CMAF»ACTER PER 
WORD , SO IT IS LIKE A NORMAL CARD READ. YOU MAY THEN ">cAD FROM 
RBUFF USING AL THE NORMAL FORMATTING POWER OF ALGOL.  

pRiMTiON PAGE(N,WBUFF,X, Y) ) POT S THE CONTENTS Or " PR I NT 
BUFFER^ WBUFf __AFTER NORMAL ALGOL PRINTING ( WHICH CAN BE WITH OR 
WITHOUT <E> OR <W>) ONTO PAGEN AT X , Y . THUS THE FULL GENERALITY 
OF ALGOL I / O ' S AVAILABLE FOR COMMUNICATION WITH THE S C O p E S .  

jbt SETS'C'OPENUM ( N ) ) I NT E GER N J S E T S SC O^S' NUMBER TO N, SO 
THAT FURTHER CALLS OF B ROUTINES APPLY TO THIS SCOPE. THEY OF 
COURSE GIVE AN"ERROR T F PERMISSION HAS NOT BEEN S l V t N MANUALLY AT 
THE SCOPE, _ _ _ _ 

1 9 . INTEGER"PROCEDURE SCOPENUM. GIVES THE SCOPE NUMBER 
CURRENTLY SELECTED. IT__ SHOULD NOT BE C 0 *F_U SED_WITH T_H_E_ SCOPE 
NUM8ER PASSED UPON INTERRUPT. 

20 8UTTIN(ENPT,CNTRLSW,INTNUM,SCOPNUM,PAUEIN,PAGEOUT> J 
INTEGER * ARG UM E N T S . DEFINES BUTTON INTERRUPTS,DISPLAYS 'INTERRUPT S 
NOW DEFINED' ON PlAGEOUT AND CONTINUES COMPUTING. OM INTERRUPT, IT 
PASSES CONTROL TO ENPT , WHICH CAN RE A CLOSED PROCEDURE OR A 
LABEL, I_T P U T S * X N T E R R U p T NUMBER . . . ON PAGEOUT UPON_ I NTERRUPT 
CNTRLSV' = 0"" INHIBITS INTERRUPTS." INTNUM IS THE NUMBER OF THE 3UTT0N 
INTERRUPTING AND SCOPNUM IS THE NUMBER OF THE SCOPE INTERRUPTING. 
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2 1 . C Q W l N < E . N P T , C N T R L S W , S C O P N U M , C H A R , P A G E I N , P A G E O U T , C H ) I SETS 
"COMPARE I N T E R R U P T - O T G H A R A C T E R c W o i T 7 A l _ ~ l ^ i ' N , S I M I L A R TO 
BUTT I N . O N I N T E R R U P T , THE CHARACTER WHIGH CAUSED THE I NlTERRUPT 
W I L L BE FOUND I N I D E N T I F I E R WHOSE L O C A T I O N I S C H . 

NOTE THAT CONTIGUOUS D E C L A R A T I O N OF SCALARS I N FORML G I V E S 
T L L O C A T I O N S I N S U C C E S S I V E - " W O R D S " WHEREAS I N ALGO"L I~t GYVES 
CONTIGUOUS LOCATIONS BUT I N THE REVERSE ORDER TO THE ORDER OF 

"DEC! ARA"TTON7 ; 

T H U S , L O G I C D 3 , D 2 , D3J DUMPS ( 3 , D 3 ) 1 P R I N T S _ T H E _ C 0 N T E N T S _ 0 F 
D 3 , D 2 AND D l . 

http://SCpP.ES
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M A C R O S A N D R O U T I N E S I N S P I T E 

1 . MACRO BC X X 1 , X X 2 , X X 3 , X X 4 . X X 5 , X X 6 J CALLS INTERFACE ROUTINE 
1 0 . EXPECTS ALL ARGUMENTS TO BE CONSTANTS, I . E . , FIXED AS ASSEMBLY 
TIME. 

2 . MACRO BV XXI, XX2, XX3, XX4, XX5, XX6, EXPECTS XXI TO BE 
CONSTANT AND XX2 . . • XX6 TO BE VAR TABLES, I . E . , 3= LOCATIONS WHICH 
CONTAIN THE DFSlRED ARGUMENTS, 

3 . 10 T H E ~ T N T E R T A C F ~ R " O U ' T " I ^ . 

4 . THERE IS A VARIANT ON B WHIJJH PUTS A MESSAGE ON THE G-20 
TYPEWRITER ASKING FOR THE H-MODULE TO BE SWITCHED, IF IT ISN' .T . 

5 , SOME MACROS TÔ  EASILY GENERATE SCOP? DISPLAY MATERIAL 
HEADR, VEC. CWD, STOR. 
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9 . U S E R S U B S Y S T E M S . 

A N • I N T E R A C T I V E P R O G R A M O N T H E G - 2 0 I S I N E F F I C I E N T I N I T S U S E 

O F C O M P U T E R T I M E I N T H A T I T O F T E N I S I N A L O O P W A I T I N G F O R T H E 

H U M A N T O T E L L I T W H A T T O D O N E X T , A L S O T H E P R O G R A M M U S T W A I T I N 

T H E Q U E U E B E F O R E I T C A N B E I N I T I A T E D . T H E P A U S E S Y S T E M I S U S E F U L 

F O R G E T T I N G S H O R T B U R S T S O F U S E R P R O G R A M . 

I N I M P L E M E N T I N G A T I M E S H A R I N G S W A P P I N G S Y S T E M F O R T H E . S C O P E 

M O N I T O R . I T W A S F O U N D E A S Y T O A L L O W A N Y U S E R T O W R I T E S U B P R O G R A M S 

O F R E L O C A T A B L E R E E N T R A N T A S S E M B L Y C O D E W H I C H A R E O R G A N I Z E D B Y T H E 

S C O P E M O N I T O R . S W A P P E D I N A N O U T A S R E Q U I R E D A N D A S S P A C E P E R M I T S . 

R E J , O C A T E D I N C O R E A N D L I N K E D T O G E T H E R D Y N A M I C A L L Y I N A S I M P L E W A Y . _ 

T H E R E I S A L S O A N A U X I L I A R Y M A C R O S Y S T E M W H I C H A L L O W S THE~ 

C O N V E R S I O N O F O R D I N A R Y A S S E M B L Y C O D E I N T O T H E R E Q U I R E D R E E N T R A N T 

R E L O C A T A B L E M O D U L A R F O R M . I T T U R N S O U T T H A T A N Y M O D U L E O F A N Y . U S E R 

C A N C A L L AN.Y M O D U L E O F A N Y O T H E R I N A S V I O L E N T L Y A R E C U R S I V E WAY 

A S R E Q U I R E D , A N D T H A T O N L Y O N E C O P Y O F A N Y M O D U L E I S I N C O R E E V E N 

I F C A L L E D B Y S U B S Y S T B M S F R O M A L L T H R E E S C O P E S A T O N C E .  

TO CONVERT CODE TO MODULAR FORM, ONE USES THE MACROS AND 
ROUTINES ON USFR CR3SAB14 . FILE 3 4 . THEN ONE BREAKS THE CODE AS 
FOLLOWSl 



LAYOUT EXAMPLE 
FILE 34 PACKAGE USER CR38AB14; FILE 34/PJ INSERT $ 
NON RELOCATABLE (GLOBAL) SYMBOL 

DECLARATIONS LBL T90J 
BEGIN 

RELOCATABLE (LOCAL) SYMBOL 
BEGIN 

DECLARATIONS 
ENTRY POINT DECLARATIONS 

LBL 
ENPT 

E20I 
1* EL 

(REENTRANT) CODE EL 
ENPT 
ENT 2, E2 
PUSH 
CLA 

51 
0 1* 

STL 
TRM 

2.50 
E3 

OR NONREENTRANT E2 
EXIT 
ENT 
TRM 
TRA E4 

1- EL EXTERNAL IDENTIFICATIONS TO 
ENTRY POINTS OF OTHER MODULES 

E3 
E4 

ISMOO 
ISMOD 

1, 5, 
2* 7, 

•AB14) 
* A DO 3 J 

E.G. E3 IS ENTRY POINT 1 OF 
MODULE 5 OF USER AB14 

END STORE 
END 
STORE 6. »AB14| 

STORES THE GENERATED MODULE, E.G., 
AS MODULE 6 OF USER ABJ4  

THE PUSH) MACRO" TJECL~A~R¥S STACK VARIABLES, fc, 9. , PTTSFL 5~ 
DEC LARES 5 VARIABLES AND PUSHES THE STACK. ONE THEN USES THESE 
VARIABLES WITH THE1 POINTER IN REGISTER 50. 
THUS CLA ?,50 CLEAR AND ADD SECONO 

STACK VARIABLE. 
ST I 3*50 PUT IN THIRD STACK  

VARIABLE"". " 
PUSH MUST IMMEDIATELY FOLLOW THE ACTUAL ENTRY POINT (TO ALLOW THE 
MARK T"O~BE~STACKEO) . A RHENTRTNT ROUTINE DOES NOT EXIT THROUGH i fs" 
MARK BUT THROUGH THE STACKED MARK USING POP N» WHERE N IS THE 
NUMBER OF STACK VARIABLES IN THE"ROUTINE. TO EXIT BACK TO THE 
SCOPE MONITOR USE EXIT. THE STACKTNG, JNCLUDING_STACKING THE MARK 
TNWT, 50 (WHICH SHOULD THEREFORE NOT BE USED BUT ALWAYS ALLOWED 
FOR) AND PUSHING, POPPING, ERROR RECOVERY IS ALL DONE BY- THE SCOPE 
MONITOR, 

STACKED VARIABLES HAVE TO BE USED TO KEEP THE VALUES OF 
VARIABLES N EE N E D "" DURING RECURSIVE CAL LS OR "AN Y "T IM E THE" CO 0"E "MAY " 
HAVE TO WAIT. TO SWAP IN ANOTHER MODULE ONE HAS TO WAIT FOR THE 
DTSC"; SO SFXCKEIN/ARIABLES HAVE TO BE USED FOR ANY VALUE'S, SET" 
BEFORE ANY TRM, WHICH ARE REFERRED TO AGAIN AFTER THE RETURN 
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THROUGH THE MARK. THIS IS BECAUSE ANOTHER USER MAY ENTER THE SAME 
CODE DURING THE WAIT". ONE CAN HAVE MODULES OF REGULAR CODE BUT IT 
CANNOT CALL ITSELF RECURSIVELY. AND CANNOT BE SHARED BY ANY OTHER 
SYSTEM. NOTE THAT EACH USER HAS HIS OWN NAMES FOR ALL HIS 
I D E N T I F I E R S . HAVING CREATED THE SUBSYSTEM. IT CAN BE LOADED FROM 
THE PROGRAM STATE. MODULES WILL NORMALLY BE MARKED AS DISPENSIBLE 
AFTER USE. AND ARE LIKELY TO BE SWAPPED OUT IF THE SPACE IS NEEDED 
FOR SOMETHING ELSE) HOWEVER, THE USER CAN MARK ANY MODULE AS 
__R ETA I NED 1 WITH AN I.NTE RR UP T ON THE PROGRAM PAGE. HE CAN * RELEASE ' 
ALSO, LOADING A MODULE"AUTOMAT ICALLY RETAINS I T , OR ONE CAN SIMPLY 
ASK TO TRANSFER TO A MODULE WHICH WILL LOAD IT IF NECESSARY, 
EXECUTE IT AND RELINQUISH I T . 

THE ADVANTAGE OF SUBSYSTEMS I S , OF COURSE, THEIR EFFICIENCY 
THEY CAN BE USED ON AN INTERRUPT BASIS WITHOUT SUBMITTING A 

Q-gQ PROGRAM. A SUBSYSTEM CAN USE 8 ROUTINES TO SET UP DISPLAYS, 
ETC. IN PRINCIPLE; ASSEMBLY CODE AND EVEN OCTAL CODE GENERATED BY 
A COMPILER CAN BE CONVERTED TO SUBSYSTEM FORM, SPACE PERMITTING. 
IN ORDER TO HAVE A DATA AREA TO WORK ON, IT IS SUGGESTED THAT SOME 
MODULES BE RESERVED AS DATA AREAS WITH THE ENTRY POINTS GOING TQ 
DATA ACCESSING FUNCTIONS, SUCH MODULES COULD THEN BE LOADED AND 
RETAINED IN CORE AND THE- CODE MODULES BE PURE PROCEDURES WHICH 
COULD. SWAP IN AND OUT AND MANIPULATE THIS DATA, THEY ARE NOT 
ACTUALLY SWAPPED OUT. JUST RELEASED TO AVAILABLE SPACE. AND, WHEN 
NEXT NEEDED, A NEW COPY SWAPPED I N . 

FOR PASSING PARAMETERS INDEPENDENTLY OF PARTICULAR DATA 
AREAS, REGISTERS 5 2 - 5 8 CAN BE USED. THESE ARE SAVED DURING WAITING 
FOR THE DISC TO SWAP IN THE NEXT MODULE.  

THE TEXT EDITOR IS A SEPARATE SUBSYSTEM DEVELOPED BY MIKE 
COLEMAN, AND THEN ADAPTED TO WORK WITH THE SCOPE MONITOR.  

TO DEBUG A SUBSYSTEM, ONE SHOULD FIRST GET IT WORKING AS 
COMPLETELY - AS POSSIiBLE BY RUNS IN LOWER CORE WITH LINEPRINTER 
OUTPUT. THEN ONE CAN RUN IT IN THE H-MODULE BY RUNNING A WAITING 
PROGRAM IN LOWER CORE, SO THAT YOU CAN ONLY CLOBBER YOURSELF. THE 
WAITING PROGRAM IS BEST WRITTEN IN UPDATE AND CAN THEN GIVE A DUMP 
OF THE H-MOOULE AND RELOAD A FRESH COPY OF THE SCOPE MONITOR AT 
THE TERMINATION OF THE RUN. IN THIS WAY, ONE CAN DEBUG A SYSTEM IN 
3 M l N U T E _ BURST S W HTHQUT END A NQERING INNOCENT U S E R S AND HI THOUT 
BOTHERING THE OPERATORS TO DO DUMPS, WHEN THE USER S U B S Y S t W f S 
SUPPOSEDLY DEBUGGED? _IT CAN BE RUN ANY TIME WITH NORMAL USER 
PROGRAMS IN LOWER CORE, BUT IT MUST F I R S f P A S S AN ACCEPTANCE TEST, 
THE ACCEPTANCE TEST PROGRAM CAN BE OBTAINED FROM A. H. BOND. 
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10,GRASP 

'GRASP'ISA GRAPH ICAL SYSTEM,AKJN TO 'SKETCHPAD'7 DEVELOPED 
BY GENE THOMAS ON THE G-21, AND DESCRIBED 8Y HIM AT' THE ACM 
CONFERENCE 1967, IT WORKS WITH OUR SCOPES AND IS WRITTEN IN ALGOL 
20, SO _ IJT SHOULD 1BE_ EASILY. TRANSFERABLE _T0 THE 360. I T J S 
CURRENTLY BEING MAINTAINED AND EXTENDED BY RON BUSHYAGER, 

GRASP (GRAPHIC SERVICE PROGRAM) IS A GENERAL GRAPH IC MODEL. 
BUILDING SYSTEM. IT ISUSED IN TWO WAYS: 

1. IT PROCESSES AN INPUT STREAM OF CARDS IN ASJJMPLE 
"LANGUAGE,WHOSE FORMAT IS SIMILAR TO A SEQUENCE OT ALGOL PROCEDURE 
CALLS. THIS ALLOWS THE USER TO DEFINE AND NAME GRAPHICAL ELEMENTS 
LIKE POINTS,LINES,ETC,,BUILD NAMED CONFIGURATIONS FROM THESE 
ELEMENTS AND _DUF»LICATE INSTANCES OF THESE CONF IGAJRA TJ ONS AT 
DIFFERENT LOCATIONSAND ORIENTATIONS IN THE [3] MODEL SPACE. THE 
STRUCTURE OF THE_MODEL _I_S_ NESTED, SO ONE HAS CONFIGURATIONS AT 
VARIOUS LEVELS. ONE CAN INPUT CARDS PROM THE NORMAL INPJT STREAM 
OR FROM THE SCOPE FACE AND ONE CAN OUTPUT A 12] DISPLAY DERIVED 
"FROM THE MODLTTON T T E ^ N " E V P W N T " E " " R OR THE SCO=>E FACE. T~HE 12} 
DISPLAY IS COMPLETELY SPECIFIED BY _THE USER AS TO ITS SCALE, 
REGION OF INTERSET WITHIN THE MODEL, VIEWPOINT IN THE MODEL SPACE 
AND ORTHOGRAPHIC OR STEREOGRAPH IC PROJECTION. THE MODEL CAN ALSO 
BE CHANGE D IN V A RIO US SIMPLE WAYS "- PARTS OF IT CAN BE ROTAT E 0, 
MOVED OR DELETED , AND THE MODEL CAN BE SAVED ON AN AUXILIARY AND 
TILE. 

2, THE USER CAN USE PART OF THE GRASP SYSTEM AS AN OUTER 
BLOCK TO ~AN A' QOL PROGRAM/ WHICH CONTAINS PROCEDURE CALLS TO GRASP " 
PROCEDURES, SIMILAR TO THE LANGUAGE, BUT EMBEDDED IN ANY ALGOL 
CONST RUC TL "ONT. THTS P WRUM WOULTr CO N S T I T U T = AN 'A P PTT CAT I ON 
PROGRAMS AND, IN _ THE_ GRASP LANGUAGE, ONE_ CAN INSTRUCT THE__ 
APPLICATIONPROGRAM TD BE CALLED FROM ITS AND FILE AND APPLIED TO 
THE MODEL. ; 

GRA~SP~ D"OF~S N O T H A V E C O N S T R A I N T S A T T S F A C T I 0 N F E T T U ^ E S T B U T T T 
I N . T H E R E . . I S . Q U I T E A G O O D A N D C O M P R E H E N S I V E U S E R M A N U A L A V A I L A B L E . 
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1 1 . HOW T H E S C O P E M O N I T O R W O R K S . 

A . R E L A T I O N S H I P O F T H E S C O P E S T O T H E 9 - 2 1 A N D T H E M A I N 

M O N I T O R 

T H I S S E C T I O N C A N B E S K I P P E D , 

_™E_Q_2 1 H A S S E V E R A L 8 K M E M O R Y M O D U L E S O N A B U S S , A N D , I_N_ 

A D D I T I O N , T H E H - M O D U L E , W H I C H C A N B E S W I T C H E D I N A S R E Q U I R E D T O 
R E P L A C E T H E Q - M O D U L E . T H E C O R E L O C A T I O N S O F T H E H - H O O U L E A R E 
/ 1 6 0 , 0 0 0 T O / 1 7 7 , ' 7 7 7 , A N D A P R O G R A M W I L L - C O M M U N I C A T E W I T H T H I S 

C O R E W H E N T H E H - M Q P U L E I_S S W I T C H E D I N ) O T H E R U I S E , I T - W I L L 
C O M M U N I C A T E W I T H T H E G - M Q D U L E , S W I T C H I N G I S D O N E B Y S E T T I N G $ 1 3 I N 
I _ E _ C E R E G I S T E R . I T C A N O N L Y B E S W I T C H E P I F T H E O P E R A T O R H A S S E T 
T H E M O D U L E S W I T C H E S . T O S E E I F I T I S S W I T C H A B L E WE M U S T R E A D T H E 
S T A T U S R E G I S T E R S R ( R E G I S T E R 5 ) A N D L O O K A T $ 4 . T H E N O R M A L P E 
I M A G E P R O T E C T S T H E H - M O D U L E , A N D S O WE C A N R E S E T T H A T T O / 7 f l OR 
/13 A C C O R D I N G T O W H F T H E R T H E C O R E I S I N V E R T E D OR N O T . T H E C O R E I S 
I N V E R T E D I F T H E ( A B C ) B U T T O N H A S B E E N S E T B Y T H E O P E R A T O R , A N D 
T H I S C A N B E R E A D B Y L O O K I N G A T t l O F S R . I F $ 1 I S S E T , T H E U S E / 7 0 . 
T H E . M A I N M O N I T O R I S C O N T I N U A L L Y S E R V I C I N G I N T E R R U P T S F R O M 
T E L E T Y P E S . E T C . , A N D W H E N I T D O E S S O I T S T A C K S T H E A C C U M U L A T O R A N D 
T H E N C R E G I S T E R O N L Y * T H E M A I N M O N I T O R , I N T E R R U P T S T A C K I S 4 D E E P 
A N D C I R C U L A R __WHEN I T _ R E S T O R E S C O N T R O L T O T H E P R O G R A M , I T R E S T O R E S 
T H E A C C U M U L A T O R A N D T R A N S F E R S T O ( N O A N D I T R E S E T S P E A N D . C E T O A 
S T A N D A R D P A T T E R N , N O T T O T H E P A T T E R N S I N O P E R A T I O N W H E N T H E 
I N T E R R U P T O C C U R R E D . I T R E S E T S T H E M F R O M T H E P E A N D C E I M A G E S , 
W H I C H A R E < 1 6 9 * 1 ) A N D ( 1 3 3 * 5 ) , R E S P E C T I V E L Y . H E N C E * " E M U S T E I T H E R 
T U R N C O N T R O L O F F OR R E S E T T H E S E E V E R Y T I M E A F T E R C O N T R O L H A S B E E N ' 
O N . T H E S C O P E L J N T E R R U P T B U T T O N S S E T 8 1 3 I N I R A N D T H E M A I N M O N I T O R 
S E N D S C O N T R O L > 0 T H E S C O P E M O N I T O R , T H E S C O P E I N T E R R U P T B U T T O N S , 
A T T H E S A M E T I M E , S E T T H E I N T E R R U P T W O R D S I N T H E H - M O P U L E , A N D T H E 
S C O P E M O N I T O R R E A D S T H E S E , 

FIGURE 8 SHOWS CODE TO SWITCH IN AND OUT THE H-MODULE. THE 
CLOCK INTERRUPT TO THE SCOPE MONITOR CAN BE EASILY PATCHED AND FOR 
SPECIAL EFFECT. THE SCOPE MONITOR CANNOT USE ANY OF THE USUAL 
FACILITIES OF THE MAIN MONITOR, LIKE I R O U T T N T S ^ AS THESE MAY 3E~ 
IN USE BY THE LOWER CORE PROGRAM. COMMUNICATION WITH THE DISC IS 
EFFECTED BY USING THE TELETYPE DISC ROUTINE, AND THE SCOPE MONITOR 
ONLY ENTERS THFM IF THEY ARE FREE AND WAITS OTHERWISE, THE SCOPE 
F TLES""7R"E~TN~A "SPECTA LTY~RESERTÊ  
TYPE 2 5 . THE _B_L_0 C K S _ ARE OF LENGTH 160,, HALF TH 5_ USUAL-BLOCK 
LENGTH. DISC SPACE IS HANDLED IN GLOBS ON AN AVAILABLE SPACE LIST " 
BY THE SCOPE MONITOR,  
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TO SWITCH IN THE MM-12 

ERA 0 , SR. 

IEZ 0 S 4 J 

TRA L1J 

EXR ~ "o~" 7 7 7 7 7 6 , C E , 

ERA 0 7? 7777,CEJ " 

UNL 0 S13J 

OAD 0 o ; 

LDR 0 , c e ; 

ERA 0 , s r ; 

IEZ 0 $ H 

OCA 0 / 7 0 - / 1 3 J 

OCA 0 7 1 3 1 

lM"~0 TPET • 

EWO'PT^Xn H MODULE N'JT SMI I CHABLfc 

Nfoptmal~fxtt h - hodule switched in.COINtkot~rs~~o f t -

T O R E S T O R E J^ORMAL__US_ER S E T T I N G S 

L D R _ L^9 + 1AP_G> 

L D R 1 3 5 * 5 , C E I 

FIGURE 8 . 

L T 

L 2 
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B . THE H-MODULE 

THE LAYOUT OF THE H-MODULE I S SHOWN I N F I G U R E 9 1 THE ACTUAL 
PATH OF THE SCANNER I'S A S SHOWN I N THE SMALL F I G U R E . I N ORDER NOT 
TO UPSET THE SCANNER* I T I S D I V E R T E D MOMENTARILY TO A SMALL! LOOP. 
LOCATIONS 0 AND 1 OF THE H-MODULE, ON ANY REARRANGEMENT OF THE 
D I S P L A Y AREA. 

THE S Y S T E M MESSAGES S I T I N THE H-MODULE A N D ARE M A D E ; V I S I B L E 
O N A G l V E f T s C O P E 9 Y S E T T I N G THE LOWER B I T S O F THE D E L I M I T , S Y S T E M 
M E S S A Q E S D I S P L A Y I N ALTERNATE MODE A N D O N A L L P A G E S .  
C . PROCESSING O F I N T E R R U P T S , W A I T I N G , REENTRANT CODE 

THE SCOPE MONITOR I S L A I D OUT AS AN INTERRUPT C L A S S I F I C A T I O N 
PART AND THEN TABLES OF ENTRY P O I N T S FOR THE MEANINGS OF 
INTERRUPTS I N EACH S T A T E . TO EXECUTE A TASK THE APPROPRIATE ENTRY 
P O I N T I S ENTERED I N THE PART OF THE CODE WHICH I S REENTRANT, WHEN 
THE CONTROL REACHES A P O I N T WHERE I T HAS TO WAIT FOR THE: D I S C OR 
FOR THE HUMAN TO TYPE I N SOMETHING ON THE SCOPE, I T MERELY SETS UP 
A REQUEST AND RETURNS TO THE I S R , L E A V I N G ALL THE LOCAL V A R I A B L E S 
AND MARKS, FOR THE ROUTINES SO FAR PASSED THROUGH, I N THE STACK 
(THERE I S ONE STACK FOR EACH S C O P E ) . WHEN THE OPERATION I S 
COMPLETE, I T CARRIES ON WHERE I T LEFT O F F . 
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/ 1 6 0 0 0 0 USED BY SCANNER 

10 • STATE WORD I I 

1 1 INTERRUPT WORD I SCOPE 1 I. N O R M A L 

1 2 P O S I T I O N WORD j j 

20 " I SCOPE 2 I CONSOLE 

30 " | SCOPE 3 I GROUPS 

1 1 0 i ALTERNATE 

1 2 0 " I CONSOLE  

1 3 0 M !____L_L°M1L___ 

ISO INTERRUPT ENTRY P O I N T 

1 5 1 ; TRA_I_SR___ 

1 5 ? CLOBBER WORD JRQ1 

1 5 4 USER ENTRY P O I N T  

1 5 5 TRA USER INTERFACE J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

1 6 0 S_YM 30 L.J A 8 L E AND SYSTEM V A R I A B L E S I N F I ICED LOCATIONS 

1 8 0 - 1 7 0 0 TABLES AND ALL DATA USED BY THE SCOPE MONITOR 

1 7 0 0 - 3 1 0 0 SYSTEM D I S P L A Y PAGES 

_ 3 1 0 0_-440_q ISR ;  

4 4 0 0 - 1 0 0 0 0 ROUTINES FOR CARRYING OUT OPERATIONS  

A ? 0 0 0 0 - 1 7 7 7 7 7 _ D l S P L A Y AREA 

1 7 7 7 76 D E L I M I T TO PROTECT 

1 7 7 7 7 7 CYCLE TO D I S P L A Y PAGES 

F I G U R E 9". " : 
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THE QOHPLE T ION JDT_ AM P_PE R A T_I ON I S EITHER TRIGGERED BY AN 
INTERRUPT L.IKE THE COMPARE INTERRUPT ON THE RETURN CHARACTER, OR. 
I_N_ T HE C A S £ OF DI SO TRANS F ERS, THE SCOPE MONITOR KEEPS LOOKING TQ 
SEE IF IT CAN COMPLETE THE OPERATION, IN THIS CASE TO ENTER THE 
MAIN MONITOR DISC ROUTINES.  

T H I S T l M g S H A R I N G , INTERRUPT P R O C E S S I N G , MECHAMISM WAS 

_DE S IGNED AND I MPLEMENTE D_BY_ J£R RY R I GJtTNO U R^ _____ _ 
D . I N T E R A C T I O N WITH THE USER PROGRAM 

_ THg B ROUTINES ARE JUST A PART OF THE SCOPE MONITOR WHICH IS 
EXECUTED BY THE NEW PROGRAM. FIGURE 10 IS THE INTERFACE ROUTINE. 
ONE CALLS A B ROUTINE BY PUTTING THE NUMBER OF THE B ROUTINE IN 
THE ACCUMULATOR AND THE SUCCESSIVE ARGUMENTS IN REGISTERS 52-56 
AND DOING A TRM TO 10. THIS BLOCK OF CODE IS INCLUDED IN THE 8 
PROCEDURE IN ALGOL; 

USER INTERRUPTS ARE HANDLED DIFFERENTLY FROM INTERNAL 
INTERRUPTS. THEY ARE CLASSIFIED IN THE I SR.. 3UT CONTROL IS NOT 
TRANSFERRED TO THE USER PROGRAM UNTIL AFTER ALL THE SWITCHES AND 
MAIN MONITOR REGISTERS HAVE BEEN RESTORED JJST BEFORE CONTROL 
WOULD BE TRANSFERRED BACK TQ MAIN MONITOR. ' AT THIS POINT, THE 
SCOPE MONITOR EXECUTES ANY USER INTERRUPTS BY TRANSFERRING WITH 
CONTROL ON TQ THE USER ENTRY POINT IN LOWER CORE. ACTUALLY,IT 
STORES ITS OWN MARK IN THE USER ENTRY POINT AND DOES A TRE TO 
ENTRY POINT +1. THUS IF; THE FIRST INSTRUCTION TURNS CONTROL 
OFF,ONE CAN MAINTAIN CONTROL OFF IN AN INTERACTIVE PROGRAM, 



10 (=NT USER I N T E R F A C E R O U T I N E 

. E X R o / 7 7 7 7 6 , C E l CONTROL OFF 

S T I L 2 0 J SAVE P A R A M E T E R 

ERA 0 »SR; READ S T A T U S R E G I S T E R 

IEZ 0' $ 4 1 IS T H E M M - 1 2 S W I T C H A 8 L E 

TRA L2J NO E X I T 

LDR 0 / 2 0 3 0 2 , C E J S W I T C H TO T H E M M - 1 2 

HAL / 1 6 0 1 5 2 ) GET THE CLOBBER WORD 

IUO L 1 0 > IS IT I N T A C T 

TRA L 2 | NO E X I T 

LDR 0 »PE> R E S E T MEMORY P R O T E C T 

CLA L20 ) R E F E T C H THE P A R A M E T E R 

TRM / 1 6 0 1 5 4 I ENTER THE SCOPE MOM I TOR 

L0 LDR 1 6 9 * 1 . P E J R E S T O R E MEMORY P R O T E C T 

LDR 1 3 3 + 5 . C E ) R E S T O R E CS R E G I S T E R 

TRE 1 101 E X I T 

12 CLS 0 i ; SET E X I T SWITCH TO ERROR C O N D I T I O N 

TRA L 0 | E X I T 

L10 ALF 1 J R 0 1 I CLOBBER WORD 

L20 LWD 9 TEMP 

LBL U 

F I G U R E 1 0 . 



E . THE T R A N S I E N T VERSION 

I N THE T R A N S I E N T V E R S I O N UNDER DEVELOPEMENT.ONLY THE I S R AMD 
TABLES W_I L L BE R E S t D E N T , O C C U P Y ING A B O U T „ l 3 0 0 » *0_R0Sj T J E S T H E R . 
ROUTINES AND THE SYSTEM MESSAGES ARE SWAPPED I N AS REQUIRED AND 
AL L MODULES.WHETHER THEY BE SYSTEM CODE.USER CODE. SYSTEM MESSAGES 
OR USER D I S P L A Y S , A R E TREATED E O U I V A L E N T L Y I N THE SAME A V A I L A B L E 
SPACE THE S C H E DJJ L IJ_G I S SUCH T H A T_ M ODULES ARE KEPT I N CORF AS 
LONG AS P O S S I B L E , T O M I N I M I S E UNNECESSARY S W A P P I N G . THUS , A USE OF 
S E _ V E R A L _ R 6 L A T E D _FA_C I L I T J ES_SHOJJLD_ INVOLVE NO SWAPPING. _JN_T_HIS 
WAY, FOR L I G H T USE THE T R A N S I E N T VERSION SHOULD RUN AS FAST AS THE 
R E S I D E N T V E R S I O N . AND FOR HEAVY U S E . E I T H E R CODE OR D I S P L A Y AREA, 
THE T R A N S I E N T VERSION W I L L BE ABLE TO CARRY OUT OPERATIONS 
I M PO S_S I B LE FOR THE RES IDENT VE R S I ON , B UT WIT H _LES S E F F I C lENCY AND 
SLOWER RESPONSE. 

mi Ljjj_ur 
CAMGIE-KiilN UNIVERSITY 



3CPL Syntax i n Backus Normal Form 

i 

<cap> : := A | B | . . . Z 
<small> : := a | b | . 7 . 2 
< d i q i t > : : = 0 | 1 | . . . 9 
<cctd» t : i 0 7 l T . . . l ~ 

<nl> .z- < c a p > | < s m a l l > | < d i g i t > 
<n2> ii- <nl> |<n2><nl> 
<name> <small>|<cap><n2> 

<st r inq> : : -
<s t r inoconstant> 7 : = 

<ol> : : r <octd>|<ol><octd> 
<octn» * 8 < o l > 
-decn> T d i q i t > | < d e c n > < d i g i t > 
<numfcer> ; : . <decn>|<octn> 

<3-o9> 
<4-op> 
<5-op> 
< 6 - o p > 
< 7 - o p > 
<»-op-» 
* 9 - o p > 

±\-\#±\i=. 
l « h i f t | r s h i f t 

1 
eqv j neqv 

<priir,ary-E> s : - <s t r ino> I < s t r i n g - c o n s t a n t * 1 <number> I t r u e I r a i s e 1 (E) I 
v a l o f < b l o c k > | < p r i m a r y - E > ( < E - l i s t > ) I < p r i m a r y - K > [ < E > 1 | 
<narae> l < s t r i n a > i <s t r inocons tan t> I <i 

<2-E> 
<3-E> 
<4-E> 
<5-E> 
<6 -E> 
< 7 - E > 
<3 -E> 
< 9 - E > : 

<name>!<st r ing> |<st r ingconstant * |<number> 
:= <pr lniary-E»|<2-op»<2-E» 

<2-E> 
<3-E> 
<4-E> 
<5-E> 

r <6~E> 
r <7-E> 
= < 8 - E > 

<2-E><3-op»<3-E> 
<3-E><4-op><4-E> 
<4_E>*5-op><5-E> 
<5-E><6-op><6-E> 
<6 -E><7-op><7-E> 
< 7 - E > < 8 - o p > < 8 - £ > 
< 6 - E > < 9 - o p > < 9 - E > 

= < 9 - E > | <9-E>__<E>___<E> 

<E11> : := <E>|<E11> A<E> 
< E - l i e t > <null>T<Ell> 

< n l l > 
<D1> 
<D2> 
<D3» 
-D4> 
^man i 
<manifest2> 
m a n i f e s t * t 
< g l o b a l l > :iz <name>j_< constant * 
<clobal2> < a l o b a l l > I < a l o b a l l > ; < 

:= <name> | <nl l> J t<name> 
= < n l l > r < E l l > 
- <name>(<namelist>)be<block> 
= <name>l<namelist>l_<E> 
= <name> ~vec<con stant> 

m a n i f e s t o : , ="^n7me> = <con st an t> 
< m a n i f i s t l * | < m a n i f e s t l > j . < m a n i f e s t 2 > 
T i l l ~\ I I'T^sn-S <nu l l> <manifest2> 

q l o b a l l > | < g l o b a l l * _ < g l o b a l 2 > 
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<qlobal> t t = < n u l l > | < q l o b a l 2 > 
<D5> <D1H<D2> | <D3>!<D4>| -mani fest * I < g l o b a l * 
<D> <D5>I<D5>also<D> 

<C1> 
<C2> 

: : -

<C3> croto<E> 
<C3> : := break <C3> 
<C4> 

<C9> 
^C10> 
<C11> 
<C12> 
<C13> 
<C14> 
<C15> 
<C16> 
<C17> 
<C18> 
<CI9> 

<C5> : := f i n i s h 
<Cf>> -

«E11>:=<E11> 
< F > X < T ~ l i s t > i 

r e t u r n 

- re i resu l t i s<E> 
<C1> : := switchon<E> into<block> 
<CS> = <block> ~ 

. . . <cl>|<C2>!<C3>|<C4>|<C5>!<C6>l<C7>|<C8> 
i-.z i f<E>then<C> 

~st<E~Then<C>else<C> 
. . . ~ T i S s < E ~ i B < C > 
: : = while<E>d^Tc> 
: : - ~ t I I < E > d Q < C > 
: ! = f^F^an>e» = *E»to<E»dg<C» 

~ 9 > r e p e a t ™ 
- - <C9>re^eatwhile<E> 

<C9>repeatunt i l«E> 
<C9>~C1C> 1 <G11> | <C1?> | <Cl%> | <C14* | <C15> I 
<C1G>|<C17>]<C18> 

<L1> : : " <name>_ 
*L2> : := case< const an t> ; 

" *= d ~ I u l t ! 
- <L1»|«L2»|«L3» 
= <C19»|<L>«C> 

«L3> 
<L> 
<C> 
< C l i s t > 
< D l i s t > 
<body> 
<blbck> 

: := <nul l> | j_<c><Clist> 
: ! : < n u l l > | : < D > < D l i B t > 

r < D > < D l i s t > < C l i s t > | < C * « C l i s t > 
>.z £_<body>£_ 


