
N O T I C E W A R N I N G C O N C E R N I N G C O P Y R I G H T R E S T R I C T I O N S : 
The copyright law of the United States (title 17, U.S. Code) governs the making 
of photocopies or other reproductions of copyrighted material. Any copying of this 
document without permission of its author may be prohibited by law. 



A NOTE ON STAR-FREE EVENTS 

By 

Albert R. Meyer 

Carnegie-Mellon University 

Pittsburgh, Pennsylvania 

February, 1968 

This work was supported by the Advanced Research Projects 

Agency of the Office of the Secretary of Defense (SD-146) 

and is monitored by the Air Force Office of Scientific 

Research. Distribution of this document is unlimited. 



ABSTRACT 

A s h o r t p r o o f o f the equ i va lence o f s t a r - f r e e and g r o u p - f r e e r e g u l a r 

even ts I s p o s s i b l e i f one i s w i l l i n g t o appeal t o the Krohn-Rhodes machine 

decompos i t ion theorem. 



1. INTRODUCTION 

The s t a r - f r e e even ts are the f a m i l y o f r e g u l a r even ts e x p r e s s i b l e 

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

complementat ion, as w e l l as un ion and conca tena t i on of e v e n t s ) w i t hou t 

the use o f the Kleene s t a r ( c l o s u r e ) o p e r a t o r . The equ i va lence o f the 

s t a r - f r e e and g r o u p - f r e e even ts was f i r s t proved by Schutzenberger [1966] . 

Paper t and McNaughton [1966] show that the s t a r - f r e e events are p r e c i s e l y 

the even ts d e f i n a b l e in McNaughton's L - l anguage , and are thereby ab le to 

e s t a b l i s h the above equ i va lence w i t h o u t e x t e n s i v e use o f the p r o p e r t i e s 

o f 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 decompos i t ion theorem of Krohn and Rhodes, the equ iva lence 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 events can be proved 

more s i m p l y . We p resen t such a p roo f in t h i s n o t e , 

2. PRELIMINARIES 

We assume the reader is 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 even ts 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 [1965] and G inzburg [1968] . 

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 se t S i n t o i t s e l f , a r g u ­

ments are w r i t t e n on the l e f t (so tha t s f = f ( s ) ) , and the compos i t ion 

f o g m e a n s tha t f is app l i ed f i r s t ( so that s ( f ° g) = ( s f ) g ) . 

A semlautomaton is a t r i p l e A = < Q A , £ A , M^> w i t h Q A a f i n i t e se t 

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

M A : Q A - > Q A i n d e x e d by C T £ E A . The mapping M* i s abb rev ia ted " a

A " . The 
a a 

element qo-A £ Q A is the nex t s t a te of q £ Q A under i npu t C T £ 2 * . For 

x € ( F A ) * the mapping x A ; Q A-> Q A i s de f i ned i n d u c t i v e l y : A A i s the 
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i d e n t i t y map on Q AwliGre A is the n u l l word in ( £ A ) * , and i f x = yC T 

f o r y e ( E A ) " and C T £ £ A , then x A i s y A o C T

A . Hence, ( x y ) A = x A ° y A 

f o r a l l x , y € ( £ A ) * . Fo r x £ and i n t e g e r s k £ 0, x k is the 

conca tena t i on of x w i t h 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 compos i t ion o f x A w i t h i t s e l f k t imes . The 

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

semigroup G A under compos i t i on . G A I s c a l l e d the semigroup o f A . 

L e t A and B be semiautomata. B is a subsemiautomaton of A p r o v i d ­

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

B i s the r e s t r i c t i o n o f C T

A to 

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

S A = E B and there is an onto mapping T(: Q A -» Q B such tha t T [ ° = cr A° T | 

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

A cove rs B, in symbols "A ^ B" i f and o n l y i f B is a homomorphic image 

of a subsemiautomaton of A. 

, A A A A A 
An automa ton Is a q u i n t u p l e A — *CQ , , s , F , ^* wnere 

A = < Q A , £ A , H^> is a semiautomaton, c a l l e d the semiautomaton of & p S

A 

i s a n element o f 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 subset o f Q A 

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

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

f i n i t e s ta te accep to r ( c f . Rabin and S c o t t [ 1959 ] ) , and the even ts 

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 events 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. L e t J be a f i n i t e se t ( o f i n p u t s ) . The s i n g l e t o n {o} is 

a s t a r - f r e e event over E . I f U , V c j * are s t a r - f r e e events over £ , 
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then U U V, U ( the complement of 0 r e l a t i v e to £ * ) , and UV ( the concatena­

t i o n o f U and V) are s t a r - f r e e events ove r £ . An event i s s t a r - f r e e 

ove r E o n l y by i m p l i c a t i o n from the p reced ing c l a u s e s . 

By DeMorgan's law, U fl V = 0 U V and so s t a r - f r e e even ts are 

a l s o c l o s e d under i n t e r s e c t i o n . S ince the r e g u l a r events ove r £ i nc lude 

the s i n g l e t o n s and are c l o s e d under u n i o n , r e l a t i v e complementat ion, 

and c o n c a t e n a t i o n , i t f o l l o w s tha t e v e r y s t a r - f r e e even t i s r e g u l a r . 

D e f i n i t i o n 2 . (Papert -McNaughton) A r e g u l a r even t U c j * i s a non-

coun t i ng r e g u l a r even t ove r £ i f and o n l y i f there i s an i n t e g e r k y S 0 

such tha t f o r a l l x , y , z € £* 

k U r „ k u + 1

 r T T x y z e U » x y z £ U . 

I n t u i t i v e l y , an automaton accep t i ng a noncount ing event U need 

never count (even modulo any i n t e g e r g r e a t e r than one) the number of 

c o n s e c u t i v e occu r rences of any word y once consecu t i ve y ' s have 

occu r red in an i npu t word . 

Lemma 1. (Paper-McNaughton) E v e r y s t a r - f r e e even t is a noncount ing 

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 noncount ing r e g u l a r event f o r 

e v e r y a £ £ (choose = 2 ) , so i t i s s u f f i c i e n t to show tha t i f U 

and V are noncount ing r e g u l a r events ove r £, then so are U U V, U, and 

UV. 

L e t k = m a x f k y . k y j . Then f o r any 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 



- 4 -

k.,-H k-k -
xy (y z) £ V » xy z 6 U U V. T h u s , U U V is a noncount ing 

r e g u l a r event w i t h k = maxtky, ky\. 

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

so t ha t 0 is a noncount ing r e g u l a r event w i t h k^ = k^. 

F i n a l l y , l e t k = 2-maxfk ,k \+ 1 and suppose x y k z £ U V. Then 
• y ' U ' V 

x y k z = uv f o r some u £ U, v € V, and it must be the case tha t e i t h e r 

u = x y k / / 2 w f o r some w £ £ * , or tha t v = v ' y ^ z f o r some w '€ £ * . In 

the 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 imp l ies tha t 

x y k u + 1 ( y k / 2 " k U w) » x y k / 2 + 1 w € U s ince U i s noncount ing . I n the 

second c a s e , v = w ' y k / 2 z £ V s i m i l a r l y imp l i es tha t w ' y ^ 2 + 1 z € V . 

Hence, i n e i t h e r case x y k + 1 z € UV. C o n v e r s e l y , i f x y k + 1 z € UV the 

argument can c l e a r l y be reve rsed to show tha t x y k z g UV. T h u s , UV is 

a noncount ing r e g u l a r even t w i t h k^ = 2• maxfk , k y } + 1. Q . E . D . 

k U 

If U is a noncount ing r e g u l a r event ove r £ and a € 2 , then a € U 

imp l i es tha t U c o n t a i n s a l l words i n o * o f l eng th 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* or U f l a* is a f i n i t e e v e n t . The r e g u l a r event (era)* is 

n e i t h e r f i n i t e no r has f i n i t e complement, wh ich p r o v e s : 

C o r o l l a r y 1. The noncount ing (and hence the s t a r - f r e e ) r e g u l a r events 

a re a p roper sub fami l y o f the 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 any event U c S * is a congruence r e l a t i o n s (mod U) , 

on 2* de f i ned f o r w, y £ 2* b y : 

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



- 5 -

Noncount ing r e g u l a r even ts are thus those r e g u l a r events U such tha t 

kTT 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 between t h i s congruence and automata is an immediate 

consequence o f the f a m i l i a r theorems o f Nerode and M y h i l l ( c f . Rab in 

and S c o t t [ 1 9 5 9 ] ) : i f U is a r e g u l a r e v e n t , then there is an automaton 

f t accep t i ng U ( v i z . , the reduced automaton accep t i ng U) such tha t 

, , s A A 
x = y (mod U) » x = y . 

D e f i n i t i o n 3. A subgroup of a semigroup S is a subsemlgroup of S whose 

elements form an a b s t r a c t group under m u l t i p l i c a t i o n in S. A semigroup 

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 subgroups a re isomorphic t o the 

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

o n l y i f the semigroup o f the semiautomaton 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 there i s an automaton f t accep t i ng U 

such tha t the semiautomaton A of f t is g r o u p - f r e e . 

Lemma 2. L e t S be a semigroup. If there is an i n t e g e r k S 0 such tha t 

s = s f o r a l l s € S, then S is g r o u p - t r e e . 

P r o o f . L e t G be a subgroup of S, and l e t g be an element of C. Then 

gk= g k + 1
 imp l i es e ^ g V V ^ V 1 ) ^ g where g"' i s the i n v e r s e 

of g in G and e is the I d e n t i t y o f G. Hence, G = [ e ) is the t r i v i a l 

g roup . Q . E . D . 

C o r o l l a r y 2 . E v e r y noncount ing r e g u l a r event i s a g r o u p - f r e e r e g u l a r 

e v e n t . 

k y kn+1 

P r o o f . If U is a noncount ing r e g u l a r e v e n t , then y U = y (mod U) 
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kfi A k U + 1 A A implies that (y u) = (y ) in the reduced automaton A accepting U. 

Hence, ( y A ) k l J « ( y A ) k u + 1 for every element yA € G A , and GA is group-free 

by lemma 2. Q.E.D. 

5. DECOMPOSITION INTO RESETS 

The machine decomposition theorem of Krohn and Rhodes supplies 

the key step in the proof that group-free events are star-free. 

Definition 4. Let A and B be semiautomata and w: QA x £A - S

B . The 

0 
cascade product A to B of A and B with mapping cu is the semiautomaton 

c a b C a c C A A 
C with Q = Q x Q , £ = £ and o for CT € £ defined for al l s £ Q , 
B B s £ Q by: 

< S \ S*> C T

C = < S A

0

A , s W u O V 

A cascade product of three or more automata is defined by associa­

tion to the lef t , e.g., a cascade product of semiautomata A, B, and C 

is any semiautomaton (A ̂ ^3)^2^ for any mappings u)̂  and with appro­

priate domain and range. 

Definition 5. A semiautomaton R is a reset providing QR= f1,2|, and 

£R is the union of three mutually exclusive sets £R, £ R, £R such that: 

cr € £R => range (C T

R) = fl 1; cr € range (crR) = T 2>; and a £ £R -> 

CTR = the identity on Q R . 

The following weak form of the decomposition theorem is sufficient 

for our purposes (for a constructive proof of the general theorem see 

Ginzburg [1968}): 

Theorem. (Krohn-Rhodes) Every semiautomaton A is covered by a cascade 

product of semiautomata A ] , s u c h t h a t for 1 <; i £ n, A± 
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A I 
IS 3 r e s e t oit 61 s£ G I. s & oorx tIT 1.v!L3X tiornoinorptii.c lirts^s of s 

G R O U P OF G . 

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

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 S E M I A U T O M A T O N I S C O V E R E D B Y A C A S C A D E 

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 B Y A N A U T O M A T O N 

WHOSE S E M I A U T O M A T O N I S A C A S C A D E P R O D U C T O F R E S E T S . 

P R O O F . L E T f t , W I T H G R O U P - F R E E S E M I A U T O M A T O N A , B E A N 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 . B Y LEMMA 3 AND T H E D E F I N I T I O N 

OF C O V E R I N G , A IS T H E I M A G E U N D E R A H O M O M O R P H I S M t[ OF A S U B S E M I A U T O M A T O N 

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

A S S U M I N G T H A T £ A = £ C , S I N C E T H E S U B S E M I A U T O M A T O N O F C O B T A I N E D B Y 

. . . . . . T A , . . . X T . , u 

R E S T R I C T I N G E T O £ I S A L S O A C A S C A D E 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 . C H O O S E A N Y S C € Q C S U C H T H A T S C T | = S A ( T H E S T A R T S T A T E O F f t ) AND 

D E F I N E F ° = { Q € Q C | Q H € F A J . T H E N F O R A N Y X £ ( £ A ) * , X € U O 
A A , C A A C C , A C C „ C „ 

SX £ F O S TL X £ F « S X T| £ F O S X € F . H E N C E , T H E A U T O M A T O N 
A , L ' . „ c , ^ . , „ c , , 
C W I T H S E M I A U T O M A T O N 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 H E 

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 . T H E M A I N T H E O R E M . 

T H E B E H A V I O R O F C A S C A D E S O F R E S E T S CAN B E D E S C R I B E D I N TERMS O F 

S T A R - F R E E E V E N T S U S I N G 
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D e f t n i t l o n 6. Fo r a semiautomaton A and s t a t e s p, q € Q A , the set A 

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

Lemma 4. Le t C = B u> R w i t h 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 ( ove r £ B ) f o r a l l p , q € Q B , 

then C ' Is a s t a r - f r e e event ( ove r £ C = £ B ) f o r a l l a , b £ Q C . 

P r o o f . Wr i t e " S " f o r the (equa l ) se ts £ B and 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 o f < p , 1> y Is s imp ly py f o r 

B * 
any p € Q , y € S • S ince R Is a r e s e t , in o rde r f o r the second component 

of ^Cp, 1> y to be 2, R must r e c e i v e an inpu t < r , cr^ € £2 f o r some 

r € Q B , <j € S -

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 f o r some y, z £ £ * , C T € S such t h a t : p y B = r f o r some 

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

f o r y and C T 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 causes R to r e c e i v e an inpu t < s , 5> ^ € E 1 (where s £ Q , 5 £ £ ) , i . e . , 

B > B ' 6 r * 
* r a , s 

C o n v e r s e l y , i f p y B = r f o r < r , o> a> £ £ R a n d z j£ B

r ( J B s 6 f o r any 

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

one li 3 5 * 

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

p q H [ U B p r o r ( U B ^ B j S 6 S * > ] 

t h e l e f t h a n d un ion be ing ove r a l l r £ Q B , Q 6 E , s u c h that < r , a > u £ ^ ' 

and the r i gh thand un ion being ove r a l l s £ Q B , 5 £ Z such tha t <s ,8>u € Z^. 

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

< p j > < q , 2 > 

a s t a r - f r e e even t & = £ and ,£ = f a } n f a t ) , so tha t C ^ ^ is a 
< p , I X Q , Z > 

s t a r - f r e e e v e n t . The se t of x £ C . is p r e c i s e l y the set of 
< p , l X q , l > * J 
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B L 
x such that px = q and x t c < p , l X q , 1 > 

B f l C a n d s o c ^ K i s a i s o a star-free event. 

Since the argument is symmetric in states 1 and 2 of Q , *s 

Q 
a star-free event for all a, b £ Q . Q.E.D. 

Lemma 5. If C is a cascade product of resets, then C * is a star-free 

Q 

event for all a,b £ Q . 

B 

Proof, Let R be a reset and B a semiautomaton such that Q = {p} and 

B R B B B R 
E = £ . For cr € H , define u>: Q X Z ->£ by the condition <p,o>u) = <j. 

In this trivial case of cascade product, R. . = (B <B R) for 

R B * 
all i, j € Q • Since B = (S ) is star-free, lemma 4 implies that 

R,, is star-free. 

The rest of the proof follows immediately by lemma 4 and induction 

on the number of resets in C. Q.E.D. 

Corollary 4, Every event accepted by an automaton *, whose semiautomaton 

A is a cascade product of resets, is a star-free event. 

A A A 
Proof. Let a £ Q be the start state of A, and F the final states. 

The event accepted by * is U A A , which is a star-free event since 

b £ F A 

the union is finite and A* is star-free by lemma 5. Q.E.D. 

This completes the proof of the following 

Theorem. (Schutzenberger, Papert-McNaughton) The following are 

equivalent for events U C £ : 

1) U is a star-free event, 

2) U Is a noncounting regular event. 

3) U is a group-free event. 

4) U is accepted by a cascade product of resets. 
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2. INTRODUCTION AND SUMMARY 

THE SCOPES CAN BE USED OFF-LINE, THAT I S , WITHOUT USING THE 
CENTRAL_PROCESSOR_OF_THE G-21 , _I'N_FACT, 0NLY_USING ONE BK MODULE 
OF MEMORY, OFF-LINE, ONE CAN ENTER CHARACTERS OMTO THE SCOPE FACE 
FROM THE KEYBOARPS AND ENTER VECTORS (LINES). ONE CAN ALSO ALTER 
EXISTING DISPLAY BY DELETION AND INSERTION OF ELEMENTS, AND ONE 
CAN TRANSLATE ( MOVE ) PARTS _OF THE DISPLAY TO OTHER _PARTS OF_JJHE 
SCREEN. THE REST OF THE G-21 CAN OPERATE NORMALLY. THE OFF-LINE" 
CAPABILITIES_ARE THE SUBJECT_OF J. QUATSE^S MANUAL1. THEY CAN ALSO 
BE USED WITH THE SCOPE MONITOR LOADED. THE SCOPE MONITOR IS 
AUXILIARY TO THE MAIN G-gj MONITOR ANp WORKS ON AN INTERRUPT 
BASIS, NORMAL USER PROGRAMS CAN BE PROCESSED BY THE G-21 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 MILLISECONDS. 

IN THIS WAY THE SCOPE MONITOR CAN SNATCH BRIEF SPELLS OF 
COMPUTATION TO CARRY OUT MANAGERIAL FUNCTIONS AS DESIRED BY THE 
ySER.__T_HIS_l_S DONE _BY PR_ES_SjNG T HE_ A P P R 0 P R I_AT E__I N T ER R UP T BUTTONS^ 
THE MEANINGS CURRENTLY ASSOCIATED WITH THE BUTTONS ARE SHOWN BY AN 
EXPLANATORY DISPLAY. _THE F_AC I L I TI ES_PROV_I DED_ BY THE SCOPE MONITOR 
ARE DESCRIBED IN DETAIL IN SECTION 4. THEY INCLUDE STORAGE OF 
DISPLAY MATER IAL ON *SCQPE F I L E S ' , SUBMISSION OF PROGRAMS TYPED ON 
THE SCOPES, THE PERUSAL AND EDITING OF TEXT, AUXILIARY DRAWING" 
OP E R AT I DNS _L_I_K E_L_I GH T_- PEN _IR. A C KI NG. THERE A RE_D E3UGG I NG_F A Cj L_I TIE S 
WITH A DYNAMIC CORE DISPLAY AND ON-LINE PATCHING AND TRANSFER 
FACILJTIES, 

IN ADDITION TO INTERRUPTS PRODUCED BY THE INTERRUPT BUTTONS, 
THE SCOPF MONITOR RECEIVES INTERRUPTS ONCE EVERY SECOND, TRIGGERED 
BY THE G-20 REAL-TIME 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 TIME._THE_CLOCK 
PULSE "ENABLES THE' SCOPE MONITOR TO PR 0V I DECONTINUOU'S MODE 
OPERATIONS SUCH AS THE DYNAMIC CORE DUMP, THE ROTATION MODE AND 
THE CURVE DRAWING MODE. 

INTERACTIVE PROGRAMS CAN BE WRITTEN IN NY PROGRAMMING 
LANGUAGE. THEY C A N C 0 MM U NI GATE WITH THE SCOPES 3V US ING THF •B 
ROUTINES' PROVIDED BY THE SCOPE MONITOR {THESE ARE LIKE I ROUTINES 
HTTHE MAIN MONT'TOTr; USING THESE, A PROGRAM CAN SET UP A GENERAL 
GRAPHICAL DISPLAY AMD CAN EXAMINE A GRAPHICAL DISPLAY ENTERED BY A 
HUMAN. THE HUMAN AND PROGRAM ARE TREATED MORE OR LESS EQUIVALENTLY 
BY THE SCOPES, AND THE SCOPES PROVIDE A GENERAL, =UPID AMD 

""TRANSPARENT INTERFACE BETWEEN THEM TO PERMIT MAN-MACHINE 
COOPERATION ON A PROBLEM. 
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INTERACTION WITH THE PROGRAM CAN CONSIST OF EACH READING 
DISPLAY MATERIAL SET UP BY THE OTHER j AND * IN ADD ITI ON.THERE ARE 8 
'STATE SWITCH FSl AND̂  2 IN A L OG KNO 0 S » (G IV J NG_ A__Q UA S I - C 0 NT INUO US_ 
VARIABLE), WHICH CAN BE SET BY THE HUMAN AND READ BY THE PROGRAM 
USING B ROUTINES. ALSO THE U_SER_ CA N_DEF_I_NE__H_I_S_ 3W_N INTERRUPTS AND 
THE SCOPE MONITOR WILL PASS CONTROL TO THE DEFINED POINTS IN HIS 
PROGRAM,WHEN HE PRESSES THE APPROPRIATE BUTTON. 

THE 8 ROUTINES ARE DESCRIBED IN SECTTOM 7. THE*E IS A 
' B-PROCEDURE 1 _IN _ALGOL__AND F0RML, WHJ CH CALLS T_HE 8_R_0UJM M_ES, AND 
ALSO MANY USEFUL SUBPROGRAMS TN THESE LANGUAGES AND IN SPITE. 
THESE ARE KEPT ON AND FILES AND ARE DESCRIBED IN SECTION 8, 
SIMILAR SUBPROGRAMS CAN BE WRITTEN IN ANY LANGUAGE AVAILABLE ON 
THE G-2l_. 

U T T E R A C T I O N wTTH U S E R P R O G R A M S C A N O N L Y O C C U R D U R T N " G ~ T H E " — " 

S H O R T R U N T I M E O F T H E P R O G R A M , B U T W E A R E T R Y I N G T O M A K E I T E A S Y 

F O R A N Y U S E R T O W R I T E A ' S U B S Y S T E M • , W H I C H W O U L D B E E S S E N T I A L L Y 

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

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

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

" T O W R I T E S U C H M O D U L E S I N A S S E M B L Y L A N G U A G E A N D T H E H SfZF I S 

R E S T R I C T E D T Q <3K; H O W E V E R , A S U B S Y S T E M C A N C O N S I S T O F A N 

A R B I T R A R Y N U M B E R O F 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 A R E 

D I S C U S S E D IN _SP C T 10 N_9 . 

G-21 SYSTEMSAUXILI 4RY~"T0 ' THE SCOPE Mo NITO 3 ARE DES C ft I BED" ""IN" 
SECTION l Q ) FnR EXAMPLE, A USER SYSTEM IS NEEDED TO MOVE MATERIAL 
BETWEEN AND FILE'S AND SCOPE FILES". "IN SECTION u, *E OUTTTNE THE 
INTERNAL WORKING OF THE SCOPE MONITOR PROGRAM. 
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3. OFF L I N E U S E , TERMS AND CONCEPTS 

THERE ARE 3 S C O P E S * NUMBERED 1, 2 , 3 FROM THE L E F T OF THE 
ROO_M._THE SCOPE_ FACE JS 10 INCHES BY 10 INCHES AMD HAS 1024 X 1024 
RASTER P O I N T S . THE 32 BUTTONS ALONGSIDE THE FACE ARE THE S T A T E 
SWITCHES AND C O N S T I T U T E THE S T A T E WORD. THE LOWER 2 ROWS ARE 
COLORED GREEN AND ARE FOR USE BY A USER PROGRAM, WHEN A SWITCH IS 
ON IT IS L IT AND THE VALUE OF THE SWITCH_IS 1, 0_N_THE LE_F_T_OF THE_ 
SCREEN ARE 2 ' ANALOG KNOBS' KNOB 1 ABOVE KNOB 2, T H E S E CAS 3S USED 
BY A_ U S E R J P R O G R A M ; T H E I R V A L U E V A R I E S FROM 0 TO 63 AND THE FULL 
RANGE IS OBTAINED IN HALF A T U R N , 

ON THE DESK, THERE ARE TWO KEYBOARDS, USED E Q U I V A L E N T L V . AND A_ 
CONTROL PANEL C O N S I S T I N G O F : 

( I) 20 INTERRUPT BUTTONS NUMBERED 0-19 

( I f ) A CURSOR C O N T R O L C O N S I S T I N G OF 4 B U T T O N S T~0 I N D I C A T E 
WHICH D I R E C T I O N TO MOVE THE CURSOR ON THE S C R E E N . T H E C E N T R A L 
B U T T O N fN THE C O N F I G U R A T I O N MAKES THE CURSOR MOVE F A S T E R , AND THE 
SLEW BAR MAKES IT MOVE EVEN F A S T E R . 

( I I I ) THE MARK BAR 

TO ENTER DISPLAY MATERIAL ON THE SCREEN ONE F I R S T NOTES FROM 
THE 6TH ROW OF S T A T E SWITCHES THAT THERE ARE 4 ' P A G E S ' FOR U S E . 
TH IS MEANS THAT ONE CAN HAVE j4 D I F F E R E N T INDEPENDENT DISPLAYS 
A V A I L A B L E , WHICH CAN BE MADE " V I S I B L E BY USIMG THE A P P R O P R I A T E 
S T A T E SWITC H_ AND SUPERIMPOSED AS D ESI RED. HOWEVER, ONE SHOULP ONLY 
ENTER M A T E R I A L " I N T O ONE P A G E " A T AT I ME. 

BEFORE ONE CAN ENTER MATERIAL* ONE MUST _USFJ TJHE SCOPE 
MONITOR, DESCRIBED L A T E R , TO RESERVE SOME MEMORY SPACE FOR THE 
MATERIAL__AND _ T O D E F I N E _ T H A T SPACE TO CORRESPOND TO THE REQUIRED 
PAGE NUMBER. " ALSO ONE MUST ENABLE THE PAGE ONE IS USING AND TURN 
THE PAGE S T A T E SWITCH O N . THIS ALLOWS DISPLAY MATERIAL TO BE 
ENTERED MANUALLY. WHEN A PAGE IS E N A B L E D , IT HAS A CURSOR V I S I B L E 
AND T H ] S _ D E F I N E S T H E PLACE ON THE SCREEN WHERE A T T E N T I O N IS 
F O C U S E D . " CHARACTERS MAY NOW BE ENTERED FROM THE KEYBOARD IF OME 
SETS THF S T A T E SWITCHES, T O _ E N T E R AND C H A R A C T E R . 

VTCTORS (LTTiETJ MTY~TE~ERTE~RTD MANUALLY AMD THE DISPLAY CATT 
BE M A N I P U L A T E D WITH COR RE C TI 0 N S, D E L E T I 3MS, I N S E R T I O N S , 
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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 M ARK__B A R.J 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 L_ 
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__BE 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 
TOTNCREASE 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. ENQUiRIES 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 FACILITIES WHICH ARE 
LINKED TO THE INTERRUPT BUTTONS. THE MEANING OF THE BUTTONS IS 

^E D EFIN'ED AS 0 NE USES VARIOUS * STATES' OF THE SCOPE MONITOR. WHEN 
ONE FIRST APPROACHES A SCOPE, AFTER THE SCOPE MONITOR HAS BEEN 
LOADED^ 1T__HAS__1IH I S SPACE RESERVED FOR SYSTEM MESSAGES' ON THE 
BOTTOM OF THE SCREEN. IN THIS STATE, EVERY INTERRUPT BUTTON LEADS 
JO THE LOG-IN_STATE J F I G . 1> AND THE USER _MUST ENTER,HIS FULL G-?l 
USAGE NUMBER AT THE POSITION OF THE CURSOR, THE CURSOR IS SET 9Y~ 
THE SCOPE MONITOR AND THE STATE SWITCHES ARE SET TO ENTER, 
CHARACTER, PAGE 1 ( IF THIS DOESN'T HAPPEN, SET THEM 3Y HAND). 
AFTER TYPING THE USAGEJJUMBER, PRESS_RETURN, _JH= _RETU_RN CHARACTER 
IS USED BY THE SCO~PE MONITOR AS A COMPARE INTERRUPT, AND TELLS IT 
TO READ IN_J-HE_CHAR_A_CTER JUST TYPED BY THE USER. IF THE NUMBER WAS 
MISTYPED, OR DOES NOT BELONG TO AN ALLOWED USER, THE MESSAGE 
'SORRY NOT ACCEPTABLE' WILL APPEAR. OTHERWISE. IT WILL GO TO 
OPTION STATE AND DISPLAY THE MEANINGS OF THE INTERRUPT BUTTONS IN 
THIS„ _STAXE_i THE OPTION STATE !S_jrHE. TOP-LEVEL OF A HIERARCHY OF 
STATE'S AND WITH IT ONE SELECTS ANOTHER STATE. 

N O T E T H E W O R D ' S T A T E 1 I S U S E D T O D E S C R I B E T H E C O N D I T I O N O F 

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

C O N D I T I O Nj, E A C H H A S A N A S S O C I A T E D S Y S T E M ' P A G E ' A N D S O S O M E T I M E S 

T H E W O R D ' P A G E . R E F E R S T O A ' S T A T E ' . O C C A S I O N A L L Y , T H E C O N D I T I O N 

O F T H E S C QPE_MflNJI 0 R IS_ D E S C R I B E D A S A ' M O D E ' , E S P E C I A L L Y I F I T I S 

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

D I S T I N G U I S H E D F R O M T H E I R U S E I N O F F - L I N E _ U S E . T H E R E I S S O F T W A R E 

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

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

B U T T O N S I N T H E O P T I O N S T A T E A R E A L L ' C H A N G E S T A T E T O S T A T E ' . 

T H E _ V A R J O U S _ S T A T E S A R E D E S C R I B E D B E L O W . I N E V E R Y S T A T E , I N T E R R U P T 

0 A L W A Y S M E A N S G O B A C K T O O P T I O N S T A T E . I N T E R R U P T S 1 7 , 1.8, A N D 1 9 

A R E C U R R E N T L Y U S E D F O R S Y S T E M M A I N T E N A N C E A N D S H O U L D N O T 3 E U S E D . 

f H E D I S P L A Y S U S E D B Y " ' T H E " S C O P E M O N I T O R C A M N O T B E " A L T E R E D 9 Y 

T H E U S E R A S T H E Y A R E I N A L T E R N A T E M O D E , E V E N T H O U G H P A G E 1 I S U S E D 

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

P A G E . • 

WHEN TYPING IN MORE THAN ONE VALUE TO THE SCOPE MONITOR, DO A 
RETURN AFTER EACH VALUE AND THE SCOPE MONITOR W ILL REPOSITION THE 
CURSOR"," 

s c o p e s a 
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L O G - I N 

E N T E R Y O U R U S A G E N U M B E R H E R E 

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 1 



S C O P | s _ ___io 

IN EACH S T A T E , THE MEAJyj 1 NG_ OF THE I N T E R R U P T S ARE D I S P L A Y E D 9Y 
A SYSTEM P A G E , T H I S DOES NOT I N T E R F E R E WITH THE USER D I S P L A Y AND 
CAN BE TURNED ON OR OFF (MADE V I S I B L E OR I N V I S I B L E ) IN ANY S T A T E 
BY U S I N G I N T E R R U P T 1. ON P R E S S I N G AN I N T E R R U P T B U T T O N , I T S NUMBER 
I S D I S P L A Y E D I N THE BOTTOM R I G H T H A N Q CORNER O F THE S C R E E N , DURING 
THE P R O C E S S I N G OF AN I N T E R R U P T THE NUMBER IS MADE TO F L A S H , THE 
USER S H O U L D ^ NOT PRESS ANOTHER I N T E R R U P T B U T T O N U N T I L THE NUMBER 
HAS STOPPED F L A S H I N G . U S U A L L Y THE O P E R A T I O N IS VERY Q U I C K AND THE 
US-ER D O E S N ' T _Sj=E_ ANY F L A S H I N G _ J H O W E V | R , O P E R A T I O N S R E Q U l R I NG_THE 
SCOPE F I L E S I N V O L V E THE USE OF THE D I S C AND ONE MAY HAVE TO WAIT 
FOR THE D I S C TO BECOME A V A I L A B L E FOR A SECOND OR TWO. THE NUMBER 
W I L L ALSO F L A S H WHILE T Y P I N G IN V A L U E S OF PARAMETERS TO THE SCOPE 
M O N I T O R , I N T H I S C A S E . ONE CAN C O N T I N U E T O „ E N T E R P A R A M E T E R S . 
LOG OUT 

P R E S S I N G I N T E R R U P T 8 , ON THE O P T I O N P A G E , LOGS THE CURRENT 
USER OUT AND THE MESSAGE ' L O G G E D O U T ' IS D I S P L A Y E D . 



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 R R U P T S I N T H I S ~ S T A T E A " R T ~ S F I 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 . . 

T K A L L O W E D U S E R H A S R E S E R V E D F O R H1H #T£M " $ P * 8 W f S ? " 
1 T O 2 0 W H I C H A R E A R B I T R A R Y I N S I Z E . H E C A M S A V F C l ^ * A T f f f M t _ 

O N T H E S E F I L E S P E R M A N E N T L Y B Y U S I N G I N T E R R U P T 2 , £ A * * S V § F « f 

C O N T E N T S O F A P R E V I O U S L Y S T O R E D F I L E T O 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 . W H E N U S I N G 3 . S P A C E D O E S N O T H A V E T O BE"" R f f W I f ) T O * 

T H E P A G E . I T I S D O N E A U T O M A T I C A L L Y , I N D E E D A N Y 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 . O N E C A N G E T A D I R E C T O R Y O F T H E ' ( 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 K E 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 ) A N D L E N G T H O F T H E R E C O R D O N T H E 1 D I S C . 

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

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

I N T E R R U P T S 4 , 6 - 9 H A N D L E T H E R E S E R V E D S P A C E F O R T H E P A G E S , 

i l n W i j y T ™ 6 T n ^ s T R v T s ~ s o M E S P A r c E T o P ~ A ~ Q T V E N P A G E , T H E U N I T U S E D 

_ I S T H E B L O C K , W H I C H I S 1 6 Q » W 0 R D S J T H E R E A R E 3 0 B L O C K S A V A I L A B L E 

F O R U S E B Y 3 S C O P E S . A P A G E P A C K E D S O L I D W I T H D I S P L A Y P R O B A B L Y 

N E E D S 4 B L O C K S O F S P A C E . . 

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 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 F O R T H A T P A G E A N D M A K E S I T A V A I L A B L E F O R O T H E R U S E , U S I N G 

6 M E R E L Y D I S E N A B L E S A P A G E A N D 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 1 2 

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 
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D I R E C T O R Y FOR LC02 
F I L E BASE L E N G T H 

0 0 . 000 000 
01^ 576 0 02_ 
0 2 . 535 00 2 " 
0 3 . 570 004 
0 4 . 533 002 
0 5 . _ 5 3 0 003 
06 . " 525" 0 03 
0 7 . 00 0 00 0 
0 8 . " 00 0 0 0 0 
0 9 . 0_O0 000 
1 0 . 000 000 
1 1 . 000 000 
1 2 . 000 00 0 
1 3 ^ 0 0J) 000 
1 4 . 0 0 0 0 0 0 
1 5 . p_O0 000 
1 6 . 000 000 
1 7 . 0 0 0 0 o x 
1 8 . 000 000 
19^ 0 0 0 000_ 
2 0 . 00 0 000 

T H I S SPACE RESERVED FOR SYSTEM MESSAGES 

F I G U R E ' 3 

mi utwv 



S C D P E S 1 4 

I N T E R R U P T 4 W I L L A P P E N D O N E P A G E T O A N O T H E R S O T H A T T H E S E C O N D 
P A G E T H E N H A S T H E D I S P L A Y M A T E R I A L O F B O T H , A N D T H E F I R S T I S 
U N C H A N G E D 

B E L O W I S G I V E N T H E S E Q U E N C E O F A C T I O N S S G Q U I R F U T O L & 8 I N *HO 
S E T U P T H E S C O P E F O R E N T E R I N G . _ C H A R * C T R S . F A N D L M I H . D N . _ T M 0 S G R G G N . 

1 . I F N O O N E I S L O G G E D I N Y E T , T H E R E W I L L J U S T B E T H E O N E 
L I N E M E S S A G E O N T H E B O T T O M O F T H < = S C R E E N , O R E L S E T H E M E S S A G E 
• L O G G E D O U T * . I N T H I S C A S E , P R E S S I N T E R R U P T 0 . T H I S G I V E S T H E L O G ¬ 
I N P A G E . T Y P E I U Y O U R U S E R N U N B G F T A * 0 P R E S S R E T U R N , T H I S W I L L G I V E 
T H E O P T I O N P I S E . 

2 . „ J F S O M E O N E I S J . O G G E D I N A L R E A D Y , _ P R E S S I N T E R R U P T 0 - • T H I S 
G I V E S T H E O P T I O N P A G E , 

3 . „ J J N T H E O P T I O N S T A T E , P R E S S I N T E R R U P T ?_. T H I S G I V E S T H E 
M A N A G E M E N T P A G E . 

4 . I N T H E M A N A G E M E N T S T A T E , P R E S S I N T E R R U P T 6 . T H I S P U T S T H E 
C U R S O R A F T E R ' G E T ' A N D D I S P L A Y S T H E N U M B E R 6 B L I N K I N G I N T H E 
B O T T O M R I G H T . H A N D C O R N E R , T Y P E T H E F I G U R E 2 F R O M T H E K E Y B O A R D A N D 
P R E S S R E T U R N . T H I S R E S E T S T H E C U R S O R T O A F T E R ' P A G E ' , T Y P E 2 A N D 
R E T U R N . Y O U N O W H A V E R E S E R V E D 2 _ B J _ 0 C K S O F S P A C E O N Y O U R ? A 3 E 2. 

5 . P R E S S I N T E R R U P T 7 , T H E C U R S O R W I L L A P P E A R A F T E R ' P A G E ' O N 
L I N E 7 _ O F _ T H E M _ A N A O E M E N T _ P A G E . T Y P E 2 _ A N D . R E T U R N . P A G E ? I S N O W 
E N A B L E D , A N D W I L L A L L O W D I S P L A Y M A T E R I A L T O B E E N T E R E D F R O M T H E 
C O N S O L E , 

6 , P R E S S - T N T E R R U P T T " ! T H I S M A K E S T H E M A N A G E ~ M T T N T ~ T X G E ^ T H L S " P L A Y " 
I N V I S I B L E . _ 

T , P R E S S " T H E S T A T E S W I T C H F O R P A G E 2 . Y O U ' S H O U L D S E E A 
C U R S O R . U S E T H E C U R S O R C O N T R 0 L T O P O S I T I O N T H E C U R S Q R . T P T Y P F I N 
C H A R A C T E R S , P R E S S S T A T E " S W I T C H E S E N T F ~ R A N D C H A R A C T E R A N D T H E N T Y ° E 
F R O M T H E K E Y B O A R D . T O D R A W L I N E S , P R E S S S T A T E S W I T C H E S _ E N T E R A N D 
V E C T O R A N D U S E T H E C U R S O R C O N T R O L A N D T H E M A R K B A R . 

http://miH.DN._TM0


SCOPES 15 

C. THE PROGRAM STATE 

FIGURE 4. " T HIS S TATE ORGAN I ZE S THE I NI T"I A TI ON "OF USE R 
PROGRAMS AND USER SYSTEMS FROM THE SCOPE MONITOR. WHEN A PROGRAM 
IS ACTUALLY I N f E R A C T IN G " W I T H f H E SCOPES,"THE "SCOBE~MON I TOR SHOULD 
BE PUT IN USER PROGRAM INTERACTION STATE OBTAINABLE FROM THE 
OPTION STATE, HOWEVER, ALL! ORGANIZATION PRIOR TO AND AFTER THE RUN 
IS DONE WITH THE PROG RAM S TA T E___ 

Tl- S'UBM IT a P R O G R A M , ONE SHOULD GET" SOME BLOCKS~FOR " A P AGE AND 
ENABLE IT, THEN TYPE THE PROGRAM ONTO THAT PAGE. NOTE THAT THERE 
ARE N0~TA8 SETT I NG " S~ON THE~SC'OPESl E V E P T y t T T 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 
THT"' ~~PAGE~'~ANd"TuIRrrGNTHiE~SYSTEM " 6 T S P T a " Y ~ A " G A i"N~UsTnG~T NTERH! U P T T T 
THE SUBMISSION OF A PROGRAM TAKES PLACE IN TWO STAGES. FIRST IT 
MUST BE MOVED TO THE 'INPUT F I L E ' . THIS IS NOT TO BE CONFUSED WITH 
A SCOPE FILE. IT IS A PSEUDO TELETYPE BUFFER» SECOND. THE INPUT 
FIL E " K UST BE'SUBMIT TED""» " TO RUN ON THE G - 2 1 . TO "OVE I T "TO THE ~ 
INPUT FILE ONE SHOULD USE INTERRUPT 2. THIS CONVERTS THE PROGRAM 
TO (UPPER CASE) G - 2 1 CHARACTERS AND PUTS IN A " BLA^K J09 CARD AT 
THE TOP. INTERRUPT 3 MOVES A PAGE WITHOUT CONVERSION AND.IS BARELY 
USED. 

USING INTERRUPT 4, ONE CAN NOW SUBMIT THE INPUT FILE. THE 
VALUFS OF TIME, P A GE S~IAN D~" SYS T EM "RE Q UESi T E 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. 

WHEN IT RUNS, ANY TELETYPE OUTPUT IS PUT IN THE 'OUTPUT 
FIL E' , 0 NE CAN LOOK "AT" THE" INPU T FILE OR THE OUTPUT Fl L"E_9Y""US I NQ 
I N TERRUPTS 5 AND 6. T_H_ E S E_M 0 VE THEM T 0 AD E SI GNATE D PASEJ SPACE 
TJOES NOT HAVE TO BE RESERVED F "OpTThE^GXTN~THT"r~015^aTI 0N, 

INTERRUPTS 7 AND 8 ARE NOT YET IMPLEMENTED BUT WILL PERMIT A 
P E RUSA L OF THE" I NP U T" 0"R~0"U"T 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 

T o W i n H - H E ^ F T ^ f T F ^ 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 T A 8 LE I~N ~P0RT£R HALL PASE MEN~T—NEA~R ~ T~H_F~SC03ES_R00M*~ 
OTHERWISE, ASK FOR IT AT THE I/O COUNTER. 



S C O P E S 1 6 

W H I L E A P R O G R A M I _ S _ I N T E R A C U N 6 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_I_LE 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 _ A S . _ _ P A G _ 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_F__M?_P_U_LE- 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 . 
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T H E _ | N P U T _ F I L _ E I S M O V E D T O A N O T H E R I N A C C E S S 1 8 L E I N P U T F I L E O N 
S U B M I S S I O N , A N D T H I S L A T T E R " I N P U T F I L E C A N N O T B E L O O K E D A T O R 
A L T E R E D ^ H E N C E , _ _ J T Y O Y _ H A V E _ M A D E _ A _ M I S T A K E _ I M Y O U R P R O G R A M A M D 
H A V E A L R E A D Y S U B M I T T E D I T , Y O U C A N N O T R E C A L L I T | T I F W I L L 3 E R U M . 
I F Y O U R E S U B M I T * P R O B A B L Y B O T H W I L L R U N . 

S C O P E P R O G R A M S O N L Y H A V E T H E S A M E P R I O R I T Y A S N O R M A L T E L F T Y P E 
P R O G R A M S , A N D _ T H E Y C A N O N L Y R U N F O R 3 M I N U T E S ) H O W E V E R , T H E W A I T I N G 
I N H A N D L E D D I F F E R E N T L Y , T O M A K E I T E A S I E R F O R T H E U S E R T O 3 E 
P R E S E N T W H I L E H I S P R O G R A M I S R U N N I N G . O N S U B M I S S I O N O F T H E P R O G R A M 
I T G O E S T O T H E T O P O F T H E Q U E U E ( S M P R I O R I T Y ) A N D W I L L P R O B A B L Y 
R U N W J T J I L N 1 0 M I N U T E S O F S U B M I S S I O N . J H E _ S _ C 0 P E M O N I T O R C O M P U T E S , 
A T T H I S T I M E , T H E A L L O W E D T I M E O F N E X T S U B M I S S I O N , A L L O W E D T I M E = 
[ R E A L T I M E - • ( T I M E O F S U B M I S S I O N O F C U R R E N T L Y R U N N I N G P R O G R A M ) } + 
R " E A L T I M E . 

A S U B S E Q U E N T _ A T T E M P J _ T O S U B M I T A P R O G R A M W I L L Y I E L D T H E _ E R R O R 
M E S S A G E 1 S O R R Y N O T A C C E P T A B L E ' t I F T H E T I M E T H E N I S B E F O R E T H E 
A L L _ 0 _ W E D T I_M E W H E N A _ P R O G R A M I S _ Q U J = U E P T H E R E I S _ N 0 _ I N D I C A T I J ) N T H A T 
I T I S Q U E U E D . W H E N I T " F I N I S H E S , T H E S C O P E M 0 N I T 0 R ' ~ D I S P L A Y S T H E 
M E S S A G E ' O U T P U T R E A D Y ' A N D T H E U S E R C A N F I N D T E L E T Y P E O U T P U T I N 
T H E O U T P U T F I L E . 

I N T E R R U P T S 9 _ ~ 1 2 A R E N O T Y E T D E B U G G E D A N D A R E F O R W R I T I N G 
• U S E R S C O P E M O N I T O R S U B S Y S T E M S ' O R ' U S E R M O D U L E S ' , M O D U L E S A R E 

D I S C U S S E D I N S E C T I O N 8 . 
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D. THE DEBUG S T A T E 

SEE F I C U R E 5. T H I S D I S P L A Y S A DYNAMIC CORE D UMP OF A MY R E G I O N 
OF CORE OF THP G - ? l . THE R E G I O N D I S P L A Y IS S E L E C T E D HY T U R N I N G THE 
A N A L O G " K N O B S AND S E T T I N G THE S T A T E S W I T C H E S . <N03 i IS THE L A S T " 
TWO OCTA L D i n I T S J __K NQB 2 THE MIDDLE TWO) AND THE 80TT 0M ROW OF 
S T A T E S W I T C H E S " I S T H E T O P 4 B I T S OF THE A D D R E S S , WHILE THE DUMP IS 
B E I N G D I S P L A Y E D , I T I S T Y I N G U P T H E G - 2 1 , AND T H E U S E R PROGRAM I N 
L OWER " CORE IS NO T 9 E ING PROCESSED ; H 6 WE V ER. " I N T * R RUP TS C AN 3 E 
P R O C E S S E D . THUS T H I S F A C I L I T Y SHOULD B E _ USED S E N S I B L Y AND 
C E R T A I N L Y NOT L E F T D I S P L A Y I N G FOR A L O N G T I M E , 

T H E I N T E R R U P T S ^ L L O W O N E J O P A T C H T H E C O R _ E _ . _ T H I S J S _ 0 0 N E _ 9 Y 
P U T T I N G A N U M B E R I N T O T H E I N P U T B O X . T H E D E B U G S T A T E I S E N T E R E D I N 
C O R R E C O O D E . A N D T H E C U R S O R I S _ E N A B L E D , O N E M O V E S T H E C U R S O R T O 
T H E I N P U T B O X A N D C O R R E C T S T H E C O N T E N T S O F I T ; T H E N O N E S H O U L D G E T 
O U T O F C O R R E C T M O D E . 

I f i tERRUP T " T ~ C L E A R ' S T HE CO NT EN TS OF THE I N P U T BOX" TO ZERO . 

I N T E R R U P T 2_ STORES THE C O N T E N T S OF THE I N P U T ROX IN THE 
L O C A T I O N OF "THE OCTAL DUMP WHICH IS U N D E R L I N E D , 

I N T E R R U P T 3 PUTS THE C O N T E N T S OF THE U N D E R L I N E D L O C A T I O N I N T O 

THE I N P U T " BOX'; " 

I N T E R R U P T 4 SWAPS THE CONTENTS OF THE I N P U T BOX WITH THOSE OF 
THE U N D E R L I N E D L O C A T I O N . " "™ " " 

I N T E R R U P T 5 A L L O W S O N E T O T R A N S F E R T O A N Y L O C A T I O N ) O N E 
P L A C E D " T H £ " L O G A T I 0 N ~ P T f H E ~ ™ U T ~ 8 0 1 T A N D ~ T FTE N " F R T S " S " E " S ~ m = R ^ J P T - S T 

T H I S D O E S A T R M W I T H C O N T R O L O F F ) H O W E V E R , N O T E T H A T C E A N D P E A R E 
" S E T F O R T H E S C O P E M O N I T O R , s o T H A T 
11) T H E U S E R H A D B E T T E R R E S E T T H E M 

T O H I S OWN" V A L U E S , ~ ""' " " ~ 
_ ( 1 1 ) H E _ M U S T _ K E E P _ ^ . O N T R O L _ 0 F _ F _ . 

A L S O N O " f l T H A T * ' 
( 1 1 1 ) H E M U S T R E T U R N T H R O U G H H I S M A R K . _ ^ 

I F ( I ) ( I I ) O R ( M I ) " A R E V I O L A T E D , Y O U W I L L " P R O B A B L Y D E S T R O Y 
J H _ E _ E N T _ I R E _ W O R L D 
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THE USER CAN LOOK AT ANY R E G I O N OF C O P E ) HOWEVER, HE CANNOT 
A L T E R OR TRANSFER TO AN ADDRESS IF IT IS NOT IN USER C O R E , I . E . , 
IN 170 TO / 7 3 0 n 0 . IF H E JTJ? IE S _ T p DO S O , THERE WILL BE NO _RE_SP_ONSE 
FROM THE SCOPE M O N I T O R . 



S C O P E S 2 

D E B U G P A G E 

_ S T 0 R E X N P T J T ~ ~ 

3 T — 1 0 A D I N T U T ^ m S H ^ I E W R Y " 

T. sWa"P~"in"put : 
_____ 

ooooooooooo 

005344 0 0 0 0 0 0 0 0~6~7 Oil 0 0 0 0 73653 00000001453 040500Q56JZ 
005350 01550 0 0 010 (1 01730005632 00050000100 05550006732 

- 0 05354 0T7T0T0673?~0177UT07546 0 WbTOTO11"(i"~~TO0500"0W04 " 
005360 00170005353 00050000002 01770076666 01770005300 

"TO5364 OOOTOOOOOrib" 0177000"310 6" "' 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 
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T E X T H A N D L I N G H O P E 

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

2 . S E L E C T P A G E 

3 . S E L E C T F I L E 

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

5 . B A C K W A R D T E N L I N E S 

6 . G E T T O S 

7 . D U M P 

8 . N A M E C U R S O R P O I N T T O B E 

S T R U C T U R E P O I N T 

9_.__ U N N A M E S T R U C T U R E P O I N T 

1 0 . G E T T O P O I N T 

1 1 . D I S P L A Y D I R E C T O R Y O F S T R U C T U R E P O I N T S 

1 2 . R E A D B L O C K S A T B L O C K F I L E T O B L O C K - P A G E 

1 3 . W R I T E B L O C K S A T B L O C K F I L E T O B L O C K P A G E 

F I G U R E 6 
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E. T E X T HANDLING STATE 

SEE FIGURE 6. T H I S STATE IS NOT YET DEBUGGED. IT D O E S THE 
MOyEMENT_AjvlD SCROLLJ NG ( ' ROLL ROUND »J OF_TE_XT ,_ J T_I S D I S T I M C T FROM 
THE T E X T E D I T I N G S Y S T E M WHICH IS BEING D E V E L O P E D BY MIKt COLEMAN 
AND IS CONCERNED WITH TEXT MANIPULATION ON THE PAGE TO AUGMENT THE 
F A C I L I T I E S PROVIDED BY THE HARDWARE. 

TO PERUSE SOME TEXT,_ IT MUST BE ON A SCOPE_ F ILG_._ 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 AUXIL IARY " 
SYSTEM ( Q , V . >_ A U X I ' L U R Y SYST EMS W IL L MO VE T E X T FROM AN A NO F I L E 
IN G-20 CHARACTERS AND CONVERT AND MOVE TO A SCOPE F I L E AND WILL 
MOVE IT BACKHAND J20NVERT IT BACK. OR WE CAM MOV_E_JT I N S C O P E 
CHARACTER'S UNCONVERTED BETWEEN AND F I L E AND SCO=>E F I L E A MO ALWAYS 
KEEP IT IN SCOPE C H A R A C T E R S , _UNTIL_J_T I S_ NEC ESS ARY_ TO B * I N T _ I _ T _ 
OUT. ' IT IS SUGGESTED THAT DOCUMENTATION USE T H E LEAD SYSTEM. (SEE 
SEPARATE W R I T E - U P ) ; IN WHICH ONE INSERTS T Y P E S E T T I N G COMMANDS INTO 
THE T E X T , SO if IS PRINTED OUT IN A PRESCRIBED FORMAT. fffE"LEAD 
COMMANDS C O U L O _ J F _ K E P T _ I _ N _ A L L JHE TIME AS PART 0FJTH6 T E X T IT IS 
HOPED E V E N T U A L L Y TO BE ABLE TO O U T P U T ON THE L INE PRINTER OF THE 

_360 _WN_ICH _HAS_ UPPER _ AND LOWER CASE C H A R A C T E R S , THE 3 - 2 0 . _ O F _ _ 
C O U R S E , HAS ONLY 64 C H A R A C T E R S , INCLUDING ONLY UPPER CASE L E T T E R S ' . 
HAVING GOT THE DOCUMENT INTO A SCOPE 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 PAGE TO WORK ON USfNO INTERRUPT 2. 
THIS WILL A U T O M A T I C A L L Y GET 5 BLOCKS (AS MUCH AS CAM REASONABLY 3E 
SEEN ON ONE "PAGE) " T O R THAT PAGE AND ENABLE IT . ' " THERE IS A 
SPEC I ALLY RES F.RVED F I LE USED FOR_A JSCRATCH AREA _ANDONE CAN N0W_ 
ROLL THROUGH T HE TEXT USING INTERRUPTS 4 AND"5. THIS SUCCESS IVELY 
B H\ NGS IN T E X T FR 0 M THE 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 PAGE AND MO'VES THE TOP OF THE P A G E fNTQ THE SCRTT 'CH AREA, 
ONE_ CAN J J S E THE HARDWARE F E A T U R E S TO A L T E R _ T H E T = X T , _ AND ALSO THE 
SOFTWARE " T E X T E D I T I N G " F E A T U R E S PROVIDED BY THE" T E X T E D I T I N G MODE." 
F I N A L L Y , TO PUT THE E D J J E D TEXT ONTO A F I L E (WHICH CAN BE THE 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 THE SCRATCH 
AREA £ S EL EC T S_A _F I L E_, jAND_ E X E C U T E S DUMP ONE MAY NOT BE ABLE TO 
BACK UP' "THE" T E X T " " ONTO 'THE SAME F I L E AS if MAY~H~ATE ALTERED IN 
L E N G T H ; HENCE_ THE DUMP PROCEDURE SHOULD ALWAYS BE FOLLOWED. 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 IL=S , IMTERRUPTS 
8__JT0_ _PROVlDE THE F A C I L I T Y OF IMPOSING STRUCTURE O N D T H E R W I S E 
AMORPHOUS T E X T . THE ' TEXT IS T R E A T E D AS A V = RY LONG STRING O F " 
C _ H A R A C T E R S _ A N D CONTROL _CHA_RAC_TERS_. THE U S E R C A N NA_M_E__A_NY POINT IN 
THE TEXT , 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 _ THE S C R E E N , PLACING THE CURSOR AT THE POINT ANT) USIMG 
INTERRUPT 8. ONE CAN MOVE THE POINT R E F E R E N C E D 3Y 4~GI V E M NAME 9Y 
SIMPLY USING 8 A G A I N . ONE CAM REMOVE THE NAME A L T O G F T H E R 3Y US ING 
9, AND ONE CAN DISPLAY A D I R E C T O R Y OF NAMED POINTS CURRENTLY USED 
B Y _ P R E S S I N G INTERRUPT 11._ ONE_CAN _THEN GO JMMEDI A T E L Y TO ANY NAMED 
P O I N T " AND"" WORK "FROM THERE WITH 4 AND "5". A'S THE" TEXT" MOVES RTC'K W AR D~ 
AND FORWARD, THE SCOPE MONITOR KEEPS TRACK OF TH= LOCATIOMS 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 



s c o p e s 25 

G . DRAWING S T A T E 

SEE ~ F " i CURE 7. T H I S S T A T E IS I NT EN DEO TO PRO VI OE EXTRA 
_F A C IL I T I E S _FO R___C 0 N S TR U C T I N Q D I S P L A Y M A T E R I A L_. _N 0 M E 0 F j _ I T _ ! S 
D E B U G G E D . " " 

I N T E R R U P T 2 S E L E C T S 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 T T e ~ ~ « " " ' C r 5 I E ~ ' 
TURNS ANALOG KNOB I, THE VECTORS ON THE C U R R E N T L Y S E L E C T E D PAGE 
ARE ROTATED ABOUT THE P O S I T I O N OF THE C U R S O R . 

I N T E R R U P T 4 PUTS ONE IN T R A C K I N G f|0D<E. T H I S PUTS A T R A C K I N G 
F I G U R E ON THF S E L E C T E D P A G E . ONE CAN T H E N USE THE L I G H T PEN TCf 
MOVE THE CURSOR AROUND. 

I N f E R R "IP T~~T~P UT S ~ 0 N E ~ HT~CU F»VE "D RA WTI W ~ f f O D ^ T i r T W T S - f f l S E T T S r 
ONE MOVES THF CURSOR WITH THE L I G H T P E N , A CURVE IS DRA *)N 
PERMANENTLY I N T O THE P A G E . _ " 



S C O P E S ? 6 

D R A W I N G M O D E 

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

2 S E L E C T P A G E 

. 3 R O T A T I O N A L M O D E 

_ _ 4 _ T R A C K I N G M O D E 

5 C U R V E D R A W I N G M O D E 

F I G U R E 7 
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H . USER PROGRAM I N T E R A C T I O N S T A T E 

I T i — T ' H T S ~ S T A T E ; "THE MEANING O F " T H E I N T E R R U P T S " A R E ' A S " D 5 T . N ? D " 
BY THE USER PROGRAM, T H E _U S PRO GRAM D E F I N E S THE M_8Y C A L L I N G _ R 2 5 , 
AND G I V I N G T H E " I N T E R R U P T ENTRY P O I N T I N THE PROGRAM. T H I S " I S 
E X P L A I N E D IN S E C T I O N 6 . ONE CAN ONLY GET I N T O USER MODE " H l L E THE 
PROGRAM IS A C T U A L L Y R U N N I N G . 

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

T H I S IS A SUBSYSTEM B E I N G D E V E L O P E D BY MIKE COLEMAN. 
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J . E R R O R M E S S A G E S 

~ E R R O R M E S S A G E S F R O M T H E S C O P E M O N I T O R A R E F E W A N O "U 'N H E L P F U L . 

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

O P T I O N S T A T E A F T E R A N E R R O R . ' " " ' " ' " " ; 

1 . S O R R Y R O U T I N E N O T Y E T I M P L E M E N T E D . 

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

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

N U M B E R N O T I N [ 1 , 4 ) . A T T E M P T S T O R E A D I N A S C O P E F I L E W I T H 

N O T H I N G _ _ O N I T ; ^ A T T E M P T S T O A L T E R C O R E _ L O C A T I O N S N O T I N J S E R _ C O R E 

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

3 . U N S P E C I F I E D I N T E R R U P T . I F O N E P R E S S E S B U T T O N S N O T D E F I N E D 

B Y T H E S Y S T E M D I S P L A Y , 

4 . M U L T I P L E I N T E R R U P T E R R O R W I L L O C C U R I F M O R E T H A N O N E 

' I N T E R R U p T I S R E Q U E S T E D : F O R ' E X A M P L E , " I F ° N E I S R E Q U E S T E D 3 = F 0 R E " A 
P R E V I O U S O N E H A S B E E N P R O C E S S E D . , A L L I N T E R R U P T R E Q J E S T S A R E 

R E M O V E D , A N D Y O U M U S T R E R E Q U E S T . 

5 . P A N I C . T H I S I N D I C A T E S T H A T Y O U H A V E R U M O U T O r S P A C E , 
E I T H E R C O R E s P A T E ^ 7 T T S c " T r ^ f A c k ~ s p A C E " " . r f ' T N T t I A L T Z E ^ T - H E ^ S T X C K ^ 
AND R E M O V E S C O N T I N U O U S M O D E O P E R A T I O N S . Y O U S H O U L D B E A B L E T O 
R E C O V E R , I F I T I S C O R E S P A C E , D E L E T I N G U N W A N T E D C O R E B L O C K S W I L L 
H E L P . 

6 . ADDROP" < A D D R E S S > . T H l S SH 0 U L D N ' T EVER '~HX=> "PEN". I F I T D O E S , 
WRITE DOWN THE V A L U E OF THE ADDRESS AND SEND IT TO A . H . BONO, 
YOU MAY WELL BE ABLE TO RECOVER FROM T H I S ERROR C O N D I T I O N , 

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 C O N D T T T O T T T 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 E R R 3 R 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 - ( S O M E T I M E S , - A S A R E S U L T O F A S E R I E S O F 3 A R T I A L L Y 

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

E X H I B I T S " AN 0M A L OU S ~ T E " H A V T O R ^ L 1 K E ~ S E T T i NG R AN O 0 M PA T T E R T S T T J N - T " H E 

S T A T E L I G H T S , E T C . I N T H I S C A S E , I T I S T I M E T O R E L O A D . A L S O , I F 
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YOU DO NOT RECOVER C O R R E C T L Y FROM ANY OF THE ERROR C O N D I T I O N S , YOU 
CAN R E L O A D . YOU RELOAD 8Y PHONING THE MACHINE ROOM ( E X T , 60) AND 
A S K I N G FOR A R.ELO A D J) F THE SCOPE MON I TOR AT TH E: NEXT C 0 N Y G N I E N T 
T I M E . HARDWARE ERRORS OR F A U L T S SHOULD BE REPORTED TO THE R E S I D E N T 
P H I L C O CUSTOM E N G I N E E R S , C. C . E X T , , 5 9 , WHO ARE IN CHARGE OF 
HARDWARE M A I N T E N A N C E . 
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5. PROGRAMMING FOR G R A P H I C S . 

A T Y P I C A L OUTPUT D E V I C E , L I K E A D I S C OR " P R I N T E R , W I T H AN 
AUTONOMOUS CONTROL U N I T . WORKS A S _ F p L L O W S « THE OUTPUT M A T E R I A L IS 
PLACED IN A B U F F E R WHICH IS PART nF THE ADDRESSABLE C O R E » I T MAY 

J ± A V E TO BE A S P E C I A L AREA OR CAN BE ANY L O C A T I O N . T H I S M A T E R I A L IS 
I N B I T P A T T E R N S CORRESPONDING T O O P E R A T I O N S PERFORMED 9 Y THE 
O U T P U T D E V l C E j THE ^ O B V ^ O U S CASE_ I S _ T H E CHARACTER . J_H ERE M A Y 3 E 
OTHERS WHICH CONTROL THE O P E R A T I O N OF THE D E V I C E L I K E NEW L I N E 
E T C . T H E _ _ T R A N S F E R IS THEN _ I N I T I A T E D B Y THE C ^ H I C H C A R R I E S ON 
WITH OTHER TASKS WHILE THE I / O CONTROL UN IT PERFORMS THE I / O 
T R A N S F E R , THE CP AND THE I / O CONTROL U N I T COMMUNICATE E I T H E R BY 
MUTUALLY A L T E R A B L E SENSE S W I T C H E S OR BY I N T E R R U P T . THE I / O U N I T 
WILL S E T AN I N T E R R U P T B I T WHEN READY TO _S.TARJ__AN_D WHEN 
T R A N S M I S S I O N IS COMPLETE T Y P I C A L L Y . A CP CAN COMMUNICATE W I T H 
S E V E R A L D E V i C E S EACH H A V I N G I T S 0WN__CH ARACTER S E T j _ S 0 _ T H A T THE 
I N T E R N A L L Y STORED V A L U E S DO NOT HAVE ANY I N T R I N S I C E X T E R N A L 
R E P R E S E N T A T I O N t SUCH R E P R E S E N T A T I O N S ARE P R O P E R T I E S OF THE I / O 
D E V I C E . I N P U T FROM A T Y P E W R I T E R U S U A L L Y TRANSFERS A S I N G L E 
C H A R A C T E R _ _ O R _ L 1 1 E _ O F CHARACTERS TO A B U F F E R AND I N T E R R U P T S THE CP 
WHICH READS FROM THE B U F F E R TO A PACKING" A R E A , SCOPES ARE SOMEWHAT 
MORE G E N E R A L . THE I / O M A T E R I A L IS PLACED_ IN _A__BUF_FE_R_ FOR T _ H E _ S C 0 P E 
C O N T R O L L E R TO D I S P L A Y . MOST OF T H I S M A T E R I A L HAS TO B E " I N T E R P R E T E D -

AS COMMANDS TO THE S C O P E . MOST SCOPES ARE RANDOM SCAN T U B E S . 
MEANING THAT THE BEAM CAN MOVE E Q U A L L Y E A S I L Y TO ANYWHERE ON THE 
TUBE F A C E ANT) F U R T H E R I M P L Y I N G THAT ONLY THOSE P O I N T S E X P L I C I T L Y 
MENTIONED W I L L BE S C A N N E D . T H I S IS IN CONTRAST TO A T E L E V I S I O N 
WHERE EVERY P O I N T ON T H E FACE SCANNED IN T U R N . OUR SCO°ES ONLY 
HAVE TWO L E V E L S OF B R I G H T N E S S , BUT SOME HAVE F I V E OR MORS, 
T E L E V I S I O N HAS A LARGE RANGE OF B R I G H T N E S S A V A I L A B L E . T H J S THF 1 / 
0 M A T E R I A L C O N S I S T S OF A S E R I E S OF COMMANDS TO THE ' BEAM TO MOVE TO 
A C E R T A I N P O I N T , DRAW A_ L I N E TO ANOTHER P O I N T , NQW MQVE SOMEWHERE 
E L S E , NOW D I S P L A Y A CERT A IN CHARACTER AND SO O N . THERE MAY 3E 
S P E C I A L B I T S FOR BLANK ING C E R T A I N ELEMENT S , A L T E R I N G THE S I Z E 
E T C . ALSO THE SCOPES O U T P U T F U N C T I O N IS A R E G E N E R A T I V E PRO CESS 
AND WE HAVE TO I N S T R U C T THE BEAM TO DO THE SAME SCAN S E V E R A L T I M E S 
A S E C O N D T O G I V E A C O N T I N U O U S D I S P L A Y . T H J S A T Y P I C A L B L O C K 
U S U A L L Y O F W O R D S O F G R A P H I C 
I / O M A T E R I A L I S S O M E T H I N G L I K E T H I S I 

A I S T A R T S C A N N I N G H E R E 
M O V E T O X O / Y O 
D R A W L I N E T O X 1 . Y 1 
D R A W L I N E T O X 2 , Y 2 
M O V E T O X 3 , Y 3 
D R A W C H A R A C T E R N O 3 2 
L O Q P _ B A C K jOJf.1 „ L _ 

O U R S C O P E S H A V E A V E R Y N I C E W A Y 0 F S C A N N I N G » T H c D I S P L A Y M A T E R I A L 
} § S E T U P A S R P L 0 C A T A 8 L E B L O C K S W I T H T R A N S F E R C O M M A N D S M H I C H M U S T 
C O N N E C T U P T O G I V E A L O O P A R O U N D W H I C H T H E S C O P E S C A N N E R O P E R A T E S , 
T H F D I S P L A Y M A T E R I A L M U S T _ B E I N O N E S P E C I A L R E G I O N O F A D D R E S S A B L E 



G - 2 Q CORE V I_7_. / 1 6 0 0 0 p _ T O /J.7J227i T H E _ A D O R = S S E S U S E D__BY T H E _ 

S C O P E S C A N N E R " A R E R E L A T I V E T O " / 1 6 0~o6o A N D T H E R E F O R £ R A N 3 E F R O M 0 
T 0 _ / 1 7 7 7 7 . E A C H O F T H E T H R E E S C O P E S C A N H A V E 4 PAf leg A N D I N D E E D 

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

T H E L A Y O U T I S S O M E T H I N G L I K E T H I S I _ _ _ 

A l " D E L I M I T A 2 P A G E 1 . S C O P E " i 

D I S P L A Y _ M A TER I_AL_ 

S T O R E C O M M A N D 

A2 D E L I M I T _ A 2 P A G E 2 S C O P E 1 A N D 3 _ _ 

D I S P L A Y M A T E R I A L 

_ _ S T O R E C O M M A N D 

A 3 C Y C L E T O A l " ' " " ' 
T H E S C A N N E R E N T E R S A M_ODUL_E,__ R E M E M B E R S _ T _ H E F I R S T W O R D , U N T I L I T 

H I T S A S T O R E C O M M A N D , T H E N J U M P S TQ~ T H E A D D R E S S M E N f I 0 N 5 0 I N T H E 

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

i T H R O U G H 4 O N A N Y C O M B I N A T I O N O F S C O P E S 1 , 2 , A N D 3 . T H r " D I S P L A Y 

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

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

C O R R E C T I O N O F D I S P L A Y M A T E R I A L F R O M _ T H E H U M A N Aj; T H E S C Q 3 E C A N B E 

A C H I E V E D U S I N G ' T H E K E Y B O a " R D O R R A N D T A B L E T T H E I N P U T 0 7 R f'T S 

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

R O U N D , O N E O F T H E A D V A N T A G E S O F T H E M O D U L A R L A Y O U T I S T H A T ' N E W 

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

A N D f"H"E"""STO" R E " C O M M A N D M O V E D D O W N , T H E S C A N N E R W I L L K E = p A D D I N G 

_NEW M A T E R I A L A S _ R E Q U E S T E D U _ N T H . I T HIJTS A G / U N S T THJ? N E X T D E L I M I T 

AT W H I C H T I M E " 11 W I L L G E N E R A T E A M E M O R Y F " U L L I N T S R R U P T , ~~TO T I F Y I N G 

T H E SCOPE M O N I T O R , A N D W l L L _ R E F U S E T O E N T E R A N Y M O R E . I N P U T 

A C T U A L L Y W I L L B E P L A C E D I N A N Y D I S P L A Y M O D U L E D e S 1 3 N A T E D A S 

E N A B _ L E D F O R T H a T S C O P E AND THAT I N P U T D E V I C E . T H E D E S I G N A T I O N I S 

B Y M E A N S O F C E R T A I N B I T S I N T H E D E L I M I T W O R D . " T H E R E I S O N E 3 1 T T O 

E N A B L E THE M O D U L E F O R A L L _ E N T R Y , V E C T O R S _ A N D C H A R A C T E R S _ F R O M _ A N Y _ 

~ O F " " " T H E ' S C O P E S D E S I G N A T E D , A N D " T W O O T H E R B I T S "FOR" T H E " K s Y S J S A R D S 

FOR THE P A R T I C U L A R ! _ S C O P E _ . L _ T H E F U L L D E L I M I T C O M M A N D I S 

1 2> 0 Abbess A 

LLt' 

S C O P E DC LIMIT 

10 i B 4" m- 2 %. 1 0 
THE PAGE F I E L D I S 2 B I T S , S O CAN B E 0 = 4 , 1 , 2 , 3 , A I N D I C A T E S 
A L T E R N A T E M O O E - U S U A L L " Y ONLY USED B Y SCOPE MONI T O R , " = I S THE 
GENERAL E N A B L E B I T . KEY IS 2 B I T S ONE F OR EACH KFYRO*=?D, FOUR 
CONSOLES ARE P R O V I D E D FOR BUT ONLY 3 I N S T A L L E D . IF SEVER AL 
MODULES A.RE _FNABLED FOR THE_SAME D E V I C E ^ THE _ H P U T MATER I AL_ WJLL 
BE ENTERED IN ALL OF T H E M . THE NORMAL USER NEVER" SEES OR HAS TO 
BOTHER WITH THE D E L I M I T , STORE OR C Y C L E COMMANDS, THESE ARE 
MANAGED FOR HIM BY THE B R O U T I N E S . IT IS ARRANGED AS A SET OF 
S T R I N G S , E I T H E R CHARACTER S T R I N G S OR V E C T O R S T R I N G S WITH A HEADER 
COMMAND AT THF FRONT TO I N D I C A T E THE S T A R T I N G P O I N T ON THE S C R F E N . 
THUS A D I S P L A Y OF L I N E S AND CHARACTERS IS JL I_KE _T H IS 

m 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 C I C 2 C 3 _ _ 
CHARACTERS C4 C5 C6 ~ 
STORE _ 

THE A C T U A L FORM OF T H E S E WORDS fS AS FOLLOWS 

11 1 Y 0 
HEADER 

10 

1 1 0 |*Y T ! 8 A Y A X 
Vecron. 
XNCIL_«e>«RR 

1\ 1* XI T.1 ID n Id •i 0 
S Y , S X ARE S I G N B I T S , 8 I S THE B L A N K I N G B I T , I F SET THE VECTOR 

1 'NC RE MEN T IS 1 N V ~ I SI S L E . T IS T H E T A G - B I T , IF S_T THEN W l L L ~ B L I N K " 
OR I N T E N S I F Y IF B L I N K OR I NT E N SI FY S W I T C H E S ARE S E T , 

10 0 1 Ti £| C2 It Si C 3 .3 

3T 1* %\ in \% I I to 4 * f 0 

T I S TAG B I T ' S I S S I Z E B I T , I F S E T CHARACTER I S D0U3LE S I Z E , 
CHARACTERS ARE S C O P E C H A R A C T E R S E T AS ~ G I V E N I \ THE HARDWARE 
MANUAL. IN A A L G O L - 2 0 A WAY TO SET UP T H E S E WORDS IS SOMETHING 

» 2 t 2 0 
* ( C 2 » 4 * T 2 » 2 + S 2 ) » 2 t l Q 
* TCJiT + T3*2*§3TV 

SUCH M A T E R I A L SHOULD BE PACKED I N T O AN ALGOL L O G I C ARRAY IN 
" C O R E — A N D - T H E N — 8 3 C AL~LED " T d — M O V E I T~T0~~A"TTEST37\lTT E T T T T a l T 

NORMAL 
T N ~ T H ~ F 

DI SPLAY AREA i OTHER SCOPE OPERA T I O N S A V A I L A B L E ARE 

1 3 0 X 
LfcFr 

1 0 6 K 

L I K E 
HEADER «• 8L3 + YO * 8R 4000 + X0 > 
V E C T J N C * 8L120 + SY « 2 t 2 3 + S X * 2 t 2 2 

• • T # 2*21 + B#2 t20 
+ D E L X » 2 t i O + D E L X l 

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

a 0 

ijthTch T e t - m T r g I n s " f o ^ m ^ a f t e r them in t h e module. 

r o C 
COMFTW.fr 

2i 1 I <? 

http://COMftW.fr
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TH I S S E T S A_ COM PAR E _ T R AP. J _ N A JC E R T A I N CHARACTER KEYBOARD E N P I N Q 
A F T E R T H I S WORD I N T H I S MODULE. I F T H I S CHARACTER I S T Y P E D I N , I T 
IS ENTERED - I N .THE MODULE AND AND I N T E R R U P T IS GENERATED BY THE 
S C A N N E R . T H I S TS PROCESSED BY THE SCOPE MON.TO R AND CAN 3E PASSED 
TO A USER PROGRAM ENTRY P O I N T IF D E S I R E D . 

0 I 

31 11 

NO-oP 

N O - O P _ H A S N O E F F F C T O N T H E S C A N N E R , C A N B E U S E D F O R K E E P I N G 

I N F O R M A T I O N A R O U T T H E P I C T U R E W I T H T H E P I C T U R E T O R C O N V I E N T 

P H O _ L S S _ G , _ N O T E T H A T _ _ D O U B _ L E S I Z E C H A R A C T E R S A ^ E O B T A I N E D 3Y 

S E T T I N G T H E S 1 7 E B I T , B U T S U B S C R I P T S I Z E C H A R A C T E R S B Y I N C L U D I N G 

I N THE S T R I N G . 
FOR D I S P L A Y I N G 

T H E ^ S U B S C R I P T S H I - T CHARACTER 
PROGRAM SEG MENT IN A L G O L - 2 0 
START IN G_ AT ( 2 0 0 , 5 0 0 ) . 

L O G I C ARRAY A t i : 2 0 M 
A C.1.J.-.HEA0ER(20n».5.nO).l 
A C 2 I - V E C T O R t l O O , 0 , 0 ) j 

. ..... A [ 3 . 1 - V E C T O R t 0 , 1 0 0 , 0 ) I 
A t 4 ] . - V E C T O R ( - 1 0 0 # O f O) t 

.. _ _ A I 5 3 - V E C T O R ( 0 , - 1 0 0 , 0 ) J 
B ( 3 , L 0 C ( A t l ) * P A G E . 0 , 0 , 0 ) ; 

TO ALSO PUT THF. WORD ' S Q U A R E ' AT ( 2 0 0 , 3 0 0 ) 
TO THE SCOPF CHARACTER C O N V E N T I O N S 

C t l J - ' S O U A ' ; 
C ( 2 I - ' R E ' ; 
B ( 0 » L n C ( C r i l ) , L O C ( A t _ 7 J l _ 6 , 0 » 0 ) I 
A [6 I *-HEADER ( 20 0 , 300 )) 

_B<3> L0CtA_t61 ) j_P_AGE,J) ,_0) j 

AN EXAMPLE OF A 
A S'JUARE S I D E 100 

WE CAM U5£ BO . T O CONVERT 

L I B R A R Y , ONE 
UP. A D I S P L A Y . 

D O E S N ' T HAVE TO 
..TH.E__S_A.Hr_. D I S P L A Y 

USE T H I S 
COULD. 3E. 

U S I N G THE SCOPE ALGOL 
G E N E R A L I T Y IN S E T T IN G 
A C H I E V E D BY 

_____ L I N E < 200 , 300 , 300 , 50 0 )1 
L I NEC 30 0,50 0 , 30 0 , 40 0 ) \ 
L I N E (.100., 400 , .300 A 400 ) j 
L I N E ( 2 0 0 , 4 0 0 , 3 0 0 , 5 0 0 ) J ' 

_ A t U « - ' S Q U A ' J 
A ( 2 l « - ' R E ' i 

... B ( 2 , L 0 C ( A t H >, 2. 200 , 300 , P A G E ) J 
BUT WOULD BE MORE W A S T E F U L , AS EACH CALL OF L I N E PRODUCES A HEADER 

_AN_D__VECTOR J N j.REMEM T. _W.P_R D_ 

http://TH.E__S_A.Hr_
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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 • T H ^ P * ° U T * N E S 

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_C_OpJES 0/ THE 9^ 
ROUTINES IN THE SCOPE SUBPROGRAM LIBRARY (SECTION 7> . " THUS IN 
_ALQOL-eo_01_ FORMULA ALGOL OHE SIMPLY WRITER _ 

B (BNUM, ARG1, ARG2, ARU3. ARQ4, ARG55J AND IN SPITE 

B BNUM, A R G j , A R G g , 8NUH I S THE NUMBER OF THE 3 J * O U T P ( E _ 

REQUIRED. NOT ALL ARGUMENTS ARE USED FOR ALL B ROUTINEST MOST OF ~ 
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 WAYl E . G . , 8 8 , WHICH rTa*D~S THE 
ANALOG KNOB_S_._ I N THEJ3ESCR I_PT I ONt__OF THE 8 ROUTINES, ARG1, E T C , 

. A R E ogNOTED BY R52 E T C . I T I S TO BE NOTED THAT THE VALUrS OF THE 
ARGUMENTS _AR| CHANGED BY A CALL ON A B R O U T I N E , AND THIS CAN LEAD 
TO HAVOC T E . G . , " " C A L L I N G 88 WITH ZEROSFOR A R G U vj EN'TS" A AND 5 WI L L 
CAUSE THE ALGOL CONSTANT D TO BE REPLACED BY ANOTHER VALUE. TO 
AVOID THIS ONE CAN USE A GLOBAL BOOLEAN VARIABLE O U T , TF 0TJTT5 
F A L_S_E 1__T HEN NO OUTPUT_OF VALUES WILL_OCCUR,_ A ME>_N0 OV ERWRI T | N Q _ 
WILL OCCUR, IF' OUT IS TRUE, OUTPUT WILL OCCUR, AND, IN H i S CASE, 
ONE CAN PUT SOME DUMMY ARGUMENTS_ IJ<_ T J E _ PARAMETER LIST. IF THE 
LOCATION OF SOME DATA IN AN ARRAY' OR SCALAR I P E N T T F T E R IS N E E D E D , 
ONE MUST USE LIBRARY INTEGER PROCEDURE LOC I N ALGOL OR FQRML, 
WHTfCH F I N D S THE ADDRESS WHERE THE ACTUAL VALU£TTRT"!fTl5"RTin TTfTJS 
LOC (A t i l ) I S THE _AD_DRE_SS_ CONTAINING _THE_VA_LUE O F _ A r i J ^ L O C I S I N 
THE "S COPE LIB R a R Y FOR A L G 0 L " 0 R " FO R M L . " I F YO U NEED THE L 0"CATI ON OF 
A PROCEDURE ENTRY PO_I_NT __0R LABEL, YOU USE _T_HE L1 9R AR YJ NTEGER 
PROCEDURES PROpLOC o'R L A B E L L O C RESPECTIVELY IN" A C 3 0 L - 2 0 . A L L ' THE " 
ARGUMENTS TO 9 A R_E_J_NT E G E_RS, I F AN ERROR OCCURS ON CALLING B DUE 
nr^IN'CORRE 'cT ARGUMENTS". 9 w T l L PRINT AN ERROR M^'JJ'SA~GT~TfJD SET 
BNUM* - 1 . THE REASONS FOR ERRORS ARE DESCRIBED IN D E T A I L_ I N THE 
DESCRIPTION OF THE B ROUTINES I N SECTION'6. THE D E T A l u S OF THE 
INTERFACE ARE GIVEN IN SECTION 1 0 . IN ADDITION, AND ON A HIGHER 
L e v e l t h a n t h e b r o u t i n e s . " t h e r e a r e s e v e r a l u s e f u l subprograms i n 
ALGOL, FORML AND SPITE IN THE LIBRARY FOR DOING HIGHER LFVEL 
TASKS'"; FOR F"XA"MPLET"" PR0"CEDURE~NUM ( X, Y , N> " W I L L ' T a T p A REAL 
VARIABLE N ANO DISPLAY IT AT X ,Y I N - 5 D . 3 Z (OR 5 8 . 3 ) FORMAT. THE 
F U L L I / O FACILITIES OF ALGOL-20 CAN RE USED IN READING "ROM AN0 
•PRINTING* TO THE DISPLAY PAGE. THIS I S SIMPLY ACHIEVED J S l N G THE 

" ' SCOPE LIBRARY PROCEDURES READ.PAGE AND P R I N T , D N , 3 a G E , 4 H l C H ARE 
EXACTLY ANALOGOUS TO READC<W>) AND PRINT(<W>) . E . G . _ _ R E A D . P AJ36 
READS A" CARD" ^ ROM " f HE ' SCOPE F A C E INTO A BUFFER, "WTCH" " C a N " T H E N 3E 
READ IN THE USUAL WAY WITH A READ STATEMENT. AT PRESENT, A PROGRAM 
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j C A N ONLY I N T E R A C T WITH THE SCOPES IF IT HAS BEEN S U B M I T T E D FROM A 
SCOPE AND IF T H E " JOBCARD- USER IS LOGGED IN ON THAT S C O P E . AT THE 
T E R M I N A T I O N OF A USER PROGRAM CONTROL GOES, TO Ifl AND T H E N C E BACK 
TO SCOPE MONITOR TO ALLOW IT TO UNSET ALL THE S W I T C H E S SET BY THE 

..PROGRAM . HENCE THE USER SHOULD NOT P A T C H 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 

B Y 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 U P I N 
0-2.0 J i H A J ^ C T E R j S j ^ J J O QNE_ HAS TO CONVERT TO SC3PE CHARACTERS AND 
MOVE IT TO THE SCOPE D I S P L A Y R E G I O N . 

_ B _ 0 AN D _ 9 1 W I_L L _C__N VERT T E X T Q E T WEEN _G-20 CHA RACTER SET AND 
SCOPE CHARACTER S E T . 

B 2 CONVERTS T E X T A_ND_ MOVES IT_J0J11 S?LAY _REG_I_OM IN ONE 
O P E R A T I O N . 

B 3 MOVFS A R E G I O N ALREADY IN SCOPE FORMAT TO T H _ D I S P L A Y 
R E G I O N . 

T O D I S P L A Y V E C T O R S , O N E M U S T S E T T H E M U P I N A L O G I C A R R A Y A N D 
U S E B 3 . O N E C A N E A S I L Y S E T U P A D E S I R E D L O G I C A R R A Y U S I N G 
P R O C E D U R E S H E A D E R , V E C T O R , L I N E , C U R V E , E T C B i g , B 1 6 , B 1 7 , B18 

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 AH_A SY "CAC 'LlNS" B 1 5 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 
E N T E R D I S P L A Y M A T E R I A L . 

" " B 1 6 , 6 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 A P P E N D S O N E P A G E T O A N O T H E R 

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

B"2 AND B3 A C T U A L L Y A P P l N D NEW D f S P L A Y " ~ " M X T E R I T L T O - f H E 
E X I S T I N G P A G E , 



_ B 2 8 ^ C L E A R S A P A G E . B4 AND B5 PERFORM R E C I P R O C A L O P E R A T I O N S TO 
8 2 AND B3 IN C O P Y I N G D I S P L A Y M A T E R I A L FROM A G I V E N PAGE I N T O A 
G H / E N ARF_AY_ I NT HE USER PROGRAM^ 

B4 C O N V E R T S ALL T E X T TO G-21 CHARACfE~R~STT AMO IGNORES ALL 
V E C T O R S . T H E . A R R AY ;C0 UL D THEN BE P R I N T E D OUT IN A FORMAT, 

Q g - c 0 p I ? s W ITHOUT " C O N V E R S I O N , A PROGRAM"CAN "ONLY DEDUCE 
I N F O R M A T I O N AROUT THE PI SPLAY BY C O P Y I N G IT I N T O AN ARRAY AND 
S E A R C H I N G "THE AREA FOR F E A T U R E S L I K E KEYWORDS, 

8 6 , B 7 , B 8 . B l f ] , 911 P R O V I D E C O M M U N I C A T I O N WITH THE C U R S O R , ANALOG 
KNOBS AND USER S T A T E S W I T C H E S , 

Bft READS THE C U R S O R . 

B 7 S E T S THE C U R S O R . 

"B* READS T H E A N A L O G KNOb"S AND S T A T E 

S W I T C H E S . 

" B I T ' R E A D S T H E S T A T E S W I T C H E S O N L Y . 

B l l S E T S THE S T A T E S W I T C H E S , 
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B . U S E R I N T E R R U P T S 

B 1 2 , 8 1 3 , 8 2 2 , 8 2 4 A R E F O R C O M P A R E I N T E R R U P T S , B L 3 D E F I N E S 

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

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

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

C H A R A C T E R . B12 S E T S C O M P A R E I N T E R R U P T O N A S P E C J F I E D C H A R A C T E R F O R 

A S P E C I F I E D P A G E . B 2 2 R E S E T S T H E C O M P A R E 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 . B2L R E M O V E S C O M P A R E O N A S P E C I F I E D 

C H A R A C T E R O N A S P E C I F I E D P A G E , 824 S E T S A N E N A B L E D C U R S O R A N D 

I JNT_ERRU P T R 0 U T I N E O N A S P E C I F I E D C H A R A C T E R , 

< I I ) B14", 823 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 U P T . " B ~ 14" S E T S T H E 

U S E R E N T R Y °QLNT W H I C H I S E N T E R E D O N M E M O R Y F U L L . 923 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 1 1 ) B2_5_ D E F I N E S _ T H E _ U S E R E N T R Y P O I N T _ F O R T H E _ I N T E R R U 3 _ T 

B U T T O N S 1 - 1 5 . A F T E R B ? 5 H A S B E E N E X E C U T E D A N D P R O V I D E D T H E S C O ' E 

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

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

S P E C I F I E D _ P R 0_C PJD U_R E OR E N T R Y P O I N T . 

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

A L G O L P R O G R A M S 

I N A L G O L - ? 0 I T H E E N T R Y P O I N T O F _ A P R O C E D U R E _ O R T H E L O C A T I O N O F 

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

F O L L O W I N G W_I L L__ N 0 R M A L L_Y _M A K E _ D E C I S I O N S__A B O U T T H E C 0_M P U T A T I O N A N D 

C A N B E C A L L E D " T H E U S E R 1 N T E R R U P ' T S E R V I C E R O U T I N E ( U F S R ) . A S I M P L E 
W A _ Y _ T O A D E F I N E T H E I M T E R R U P T S A N D E N T R Y P O I N T I S : 

WH L 8 L T 3 ; " " 

WH C L A 0 TIL 

AL V 5 * A C C } " ~ " 

A L B < 2 5 , V 9 , E T C ) t 

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

P R O G R A M A N D B E 

WH TL E N T J " " " " 

A L E T C 

T H I S C A N 8 E D O N E S E P A R A T E L Y F O R I N T E R R U P T S F R O M T H E B U T T O N S A M D 

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

T R E I N S T R U C T I O N S O T H A T C O N T R O L W I L L B E O N I N T H E " ~ U I S R " U N L E S S T H E 

F I R S T I N S T R U C T I O N A F T E R T H E E N T R Y P O I N T I S 
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W H E X R Q / 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 ) i S I N C E T H E 

S C J J 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 . 

V O L ) 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 , S O W E 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~AN0THER~"P01 N T T N " T h 1 ~ P R 0 Q R A M 7 ~ X G 0 "To 

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 C A R E F U L L Y C O N T R O L L E D IN ALGOL PROGRAMS 
WHICH ALLOW I N T E R R U P T S . I F A N I N T E R R U P T OCCURS DURING P R I N T I N G AND 
THE U I S R P R I N T S , THEN IT IS MORE OR L F S S 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 I N T E R R U P T P R I N T 
L I N E AND P R I N T L I N E P O I N T E R B Y ; _ _ _ _ 

L O G I C ARRAY A I - 2 H 2 0 1 ; T E M p V | 2 5 l l B U F F E R S E T ( • PR I NT i, A I 0 I ) I 
MP_ RESTORE IT L A T E R . HOWEVER, IF THE NAM E AND P R I N T STATEM E NTS IN 
O P E R A T I O N HAVE 8EEN CHANGED» ONE CANNOT RECOVER fHWW] TF f * E U I S R 
P A S S E S CONTROL TO ANOTHER PART OF THE PROGRAM AND NEVER WISHES TQ 
C O N T I N U E AT THE I N T E R R U P T E D 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 IN T H E _ U I S R , 
( 2 ) TURN OFF THE CONTROL S W I T C H DURING P R " I N T I N Q j B U T , AS 
D I S C U S S E D , T H E S E ARE NOT R I G I D R U L E S . 

EXAMPLE OF I N T E R R U P T D E F I N I T I O N IN ALGOL 

I . U S I N G A L A B E L 
B E G I N I N T E G E R E N P T , C S W , I N , S N , C C » 

Wfl LBL 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>~J G O ~ T O ~ L O O P I 

WH Tl ENT ; I N T E R R U P T ENTRY P O I N T 
AL , 1 

< A C T l O N S > , Q O ^ O ~ N E l * W r O N l 
WH TRA 1 T i l RETURN TO I N T E R R U P T E D 

C 0 H P U T A T I W 

AL i ; ; 
END* 
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I 1. . U S I N G A PROCEDURE 
B E G I N 
L I B R A R Y ^ P R O C E D U R E PROCL.OCJ 
PROCEDURE U J S R I 

_ < A C T I 0 N S > J GO TO N E W A C T I O N ) _ _ _ 
END GOES BACK TO I N T E R R U P T E D A C T I O N ) 
B l ? J L . P K O C ^ 
< C O N T I N O U S A C T I O ^ S > } 

£CR_kA___ALGOL PROGRAMS 

FORMULA _ A L G O L C O M P I L E S CODE WHICH IS H E A V I L Y DEPENDENT ON 
R U N - T I M E R O U T I N E S . I F ANY R U N - T I M E R O U T I N E I S I N T E R R U P T E D B Y THE 

_S C 0 P E MO N I TO R W H I C H__ THE N_ C A L L S THE UI SJ_W H I_C H_I N TURN CALLS THE 
I N T E R R U P T E D R U N - T I M E R O U T I N E , T H E N GLOBAL PARAMETERS^ L I <E RETURN 
MARKS, INDEX R E G I S T E R S AND T E M P S ) ARE SOON F O R G O T T E N , THE_R_EFORE T H E _ 
ONLY CODE WHICH CAN BE USED WITHOUT D R A S T I C SAFEGUARDS IN THE U I S R 
IN FORMULA ALGOL IS CODE WHICH DOES NOT C A L L ON R U N - T I M_E_ ROUTJ MES__ 
HOWEVER IF THE U I S R AND THE CODE F O L L O W I N G THE CALL ON 325 ARE 
C O M P L E T E L Y I NnEPENpEjNT AND_ DO NOT CALL ON THE SAME R O U T I N E S THEN 
ONE HAS MORE F R E E D O M . 0~PE~RATIONS WHICH DO NOT USE THE RUN T I M E 
R O U T I N E S I N C L U D E S T O R I N G . A N D A C C E S S I N G O F S I M P L E ^ V A R I A B L E S ( B U T N0T_ 
ARRAY E L E M E N T S ) , A N D THE O P E R A T I O N S + , - , » , / » * , * , - , I F THEN E L S E , 

J 3 I G N , A B S , E N T I E R , AND GO T O t L O C A L BACKWARD TRANSFERS O N L Y J ^ A 

HOWEVER, WITH I N T I M A T E KNOWLEDGE OF FORMULA ALGOL AND A L I S T I N G OF 
I T S RU N -_Tj_ME_R 0_U T I N E S_,__T H E_ E X PE R . L E N C E D_ U S E R _C A N B U I L D H I S U I S R SO 
THAT IT CAN CALL ON A N Y T H I N G , T H I S WOULD PROBABLY BE: DONE 3Y 
W R I T I N G _ SMALL MACHINE CODE R O U T I N E S , C A L L A B L E ONLY_WITH_ CONTROL __ 
O F F , WHICH WOULD SAVE AND RESTORE THE C O N T E N T S OF A L I S T O F " 

J1AC_H_INE_ L O C A T I O N S . THE U I S R WOULD PROBABLY LOOK L K E TH 13 ^ 

EXAMPLE OF I N T E R R U P T D E F I N I T I O N IN FORMULA ALGOL 

SN CDLC 0 

PROCEDURE I N T E R A C T } B E G I N I N T E G E R » L O C I S R ) 

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 R E G I S T E R 

5 NUMBER OF I N T E R V E N I N G COMMANDS 

U I S R SAVE L O C A T I O N OF U I S R 

L O C T S f T u S E D I N~C ALL I NII 325 

0 
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GO AROUND' 

SN CMPL Q U I S R ENTRY P O I N T 

SN CMPL 0760067776 EXR Q / 7 7 7 7 7 - S 1 3 - $ 0 t 
TURN OFF CONTROL. AND H MOD 

SN CMPL 3770011001 JJRM SAVE SAVE V A R I A B L E S 

CODE PREFERABLY -HITH CONTROL OFF 

SN CMPL 3770011002 TRM RESTORE RESTORE V A R I A B L E S 

SN CMPL 6370011000 TRE 3 U I S R GO BACK TO MONITOR 

G R O U N D I JF J < 25,' LOC I SR» E TC ) THEN P R I N T t . C A N T - . I N T E R A C T ) t 
END IS TO I N T E R A C T ; 

THE ABOVE CODE AND PARAGRAPH ON THE I N T E R R U P T I O N ! OF FORMULA ALGOL 
PROGRAMS IS BY RUDY KRUTAR WHO SHOULD BE C O N S U L T E D ON ALL ' R E L A T E D 
M A T T E R S . IN FORML, THE P R I N T R O U T I N E S ARE R E C U R S I V E AND T H E I R 
V A R I A B L E S ARE I N THE GENERAL COMMUNAL R E C U R S I O N S T A C K , T H U S , I T 
SEEMS THAT ONE CAN ONLY P R I N T IF THE U I S R DOES NOT P R I N T , AND IF 
IT ALWAYS RETURNS TO THE I N T E R R U P T E D C O M P U T A T I O N . ONE SHOULD NOT 
I N T E R R U P T DURING C A L L S ON MAIN MONITOR R O U T I N E S , IF ONE IS G O I N G 
TO USE THEM IN THE U I S R , AND THEN TRY TO RETURN TO THE I N T E R R U P T E D 
C O M P U T A T I O N . 
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C. I N T E R A C T I O N WITH MORE THAN ONE SCOPE 

TO I N T E R A C T WITH A D I F F E R E N T SCOPE F R O M " T H E ONE S U P M j T T E D 
FROM, A PROGRAM S I M P L Y USES THE B R O U T I N E S AS U S U A L , BUT IN 
A D D I T I O N S E T S THE "SCOPE NUMBER BY U S I N G ALGOL PR0C EDU R E ~ 
S E T S C O P E N U M ( N ) . IT DOES NOT NEED TO BE S E T B E F O R . EV5RY CALL 
OF A B P O U T I N E , J U S T O N C E . 
T H U S , TO READ THE S T A T E S W I T C H E S ON SCOPE 2. ONE PERFORMS 
N S A V E - S C O P E N U M . S E T S C 0 P E N U M C 2 ) J ZERO. -0 I O U T . - T R U E I 

_B (10_, Z E R O , S_T S w , DU M , D U M , D U XJJ_ 0 U T - F A L S E J S E T S C 0 P E M UM ( M S A V E ) ; 

rvOTE WE SAVED T H . NUMBER OF THE S U B M I S S I O N SCOPE BY U S I N G 
R O U T I N E _SCOPENlJM. SETSCQPENUM AND SCOPENUM MERELY SET AND _ 
READ I N D E X R E G I S T E R -51. 

ONE CAN THUS DO ALL THE USUAL I N T E R A C T I O N S W I T H ' A N Y OTHER 
~ S C O P E , H O NEVER ' , T H E B R 0 U T I N E C A L L S " " W I L L ALL G I V = " 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 I N T E R A C T HAS BEEN GIVEN_3Y THE 
USER AT THE SCOPE TO BE I N T E R A C T E D W I T H , BY U S I N 3 I \ ' T 5 R R U 3 f 

_ J - 3 „ . I N _ J H E PROGRAM S T A T E . . 
USER I N T E R R U P T S FOR ANOTHER SCOPE ARE D E F I N E D BY U S H G B25 . 
UPON ANY USER I N T E R R U P T , THE SCO_P_E_ NUMBER IS PASSED TO TH _ _ _ U S E R 
PROGRAM, 

F_Ij_ALLY_ ONE_ CA_N D J SjPLA Y jf__Q I V E N _ P _ A G E ON MORE THAN ONE S C O P E , 
BY U S I N G R 2 6 . T H I S TAKES PARAMETER R S 2 . WHI CH "'T S THE 
B I T P A T T E R N AT THE END OF THE D E L I M I T C O N S I S T I N G OF 4 91T5 
FOR SCOPES 3 . 2 , 1 AMD 4 R E S P E C T I V E L Y , S N CORRESPONDING TO SCOPE M. 
THUS IF A PROGRAM WANTED TO D I S P L A Y A P a G F ON TH= S U B M I S S I O N 
SCOPE AND ANOTHER SCOPE N, IT WOULD DO S O M E T H I N G L I K ^ T H I S 

N l « - S C O P E N U M ; _B IT P a Tj - 21 N1 - ? t N1 B ( 2 6_J_A G E__R I Tp_A_T, 0 , 0_ j n _ 

OF" COURSE", I F P E R M I S S I O N HAS NOT REEN G I V E N , I T 

W J . L L . . _ N O T . D.I S P L A Y , 
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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 LIKE T H I S . 

fhcg 

T 

3L 

Awe 

Uo^f 

Acne* 

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

B-1 AN NOUNCE AN O N L I N E USER 
_ P A R A M E T E R S ! _ USAGE NUMBER FROM U O G - I N _ _ __ 

O U T P U T : R 5 i : SCOPE NUMBER 
E R R O R _ I F j LL) „ N O T _ S U B M I T T E r j 

FROM A SCOPE 
OR ( 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 PATCH 10. DO NOT CALL B < - 1 ) T W I C E IN THE SAME __ 

RUN 
BO C0NVE.RT.S . G 21 _CHAR A C T E R.. _S T R J NGS_PACKED 

4 PER WORD I N T O SCOPE S T R I N G S PACKED 
IN. D I S P L A Y .FORMAT _ . „ 
P A H A M E T E R S l R 5 2 * L 0 C A T I 0 N O F F I R S T 

WORD.. OF. G2X T E X T , . . 
R 5 3 . - L 0 C A T I 0 N TO R E C E I V E F I R S T WORD 

0F__THE CONVERTED T E X T 3 L O C * . 
T H I S ADDRESS MUST BE IN USER C O R E . 

R?4-NUMBER OF CHARACTERS TO C O N V E R T . _ 
O U T P U T ! NONE 
ERROR I F ! R<53 OUT OF BOUNDS. 

B l C O N V E R j S _ S C O P E _ CHARACTER _SJ_RJ NGS 
PACKED IN D I S P L A Y FORMAT I N T O G21 
CHARACTERS PACKED 4 PER_WORD. 
PARAMETERS 1 R52«-BASE OF SCOPE S T R I N G , 

_R 5 3*-LO CAT I O N . T O R E C E I VE F U S T 
WORD OF THE G21 S T R I N G . 
T H I_S „ A D D R E S S__M U S T BE I N 
USER C O R E . 

_ _ R54«-LENGTH OF SCOPE S T R I N G __ 
I N WORDS. " " 

O U T P U T ) __ NONE 
E R R O R I F ! " R 5 3 OUT O F BOUNDS, 

82 c T N ^ E W T E T T W D ^ P P E l ^ f O - ^ Q E 
N AT_ P O S I T I O N ( X , Y) . 
P A R A M E T E R S ! R52«-RASE O F G21 T E X T " " ~ 

.. _ PACKED FOR 4 p E R WORD. _ 
R 5 3 - L E N G T H OF T E X T IN WORDS, 
R 5 4 - X 
R55.-Y 
R56.-PAGE NUMBER. 

O U T P U T • NONE 
ERROR I F ! ( I ) PAGE ALREADY F U L L 

( I I ) S T R I N G TOO L O N G . 7""" 
D I S P L A Y S T E X T ON SCOPE F_ACE._ ONE MUST 1 * ^ E _ REQUESTED 
A V A I L A B L E SPACE FOR THF PAGE IN Q U E S T I O N IN ADVANCE OF ' 
C A L L I N G a a . 
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B3 APPEND A LOGI 'C BLOCK OF 
( ALREj_DY_C_0NVERXEDJ_DJ SPLAY 
M A T E R I A L TO ' PAGE N. " 
P A R A M E T E R S l _ _ R 5 2 ^ 8 A S E _ 0 F _ B L 0 C K _ 

TO BE MOVED. 
R53*PAGE NUMBER. 

O U T P U T ! N O N E . 
„ ERROR I F ! _ (JJ NO STORE IN P A G E . 

O R ( I D ATTEMPT T O OVERLAY 
A D E L I M I T . 

MOVES A BLOCK OF SCOPE COMMANDS I N T O THr. H-WDTJLE AND 
APPENDS IT TO AN E X I S T I N G P A G E . CURRENTLY IT ONLY T E S T S 
FOR D E L I M I T S AND C Y C L E S J OTHER I L L E G A L C O N S T R U C T I O N S ARE 
NOT_ T E S T E D FOR) T H U S , THE D I S P L A Y S H O J L D BE WELL FORMED 
AND SHOULD I N C L U D E A S T O R E . 

__ MOVE PAGE N TO USER " C O R E , C O N V E R T I N G ~ 
ALL SCOPE C H A R A C T E R S . 
P A R A M E T E R S l R52.-RAGE NUMBER, 

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

OUTPUT i NONE . 
ERROR I F | ( I ) R53 OUT O F BOUNDS, 

( I I ) PAGE HAS N O BLOCKS , 
T E X T IS ENTERED I N T O USER MEMORY.. NOTE THAT ONLY G21 
CH AR ACTER3 ARE CONVERTED AND ALL E L S E_ I S IGNORE D I N THE 
C O N V E R S I O N P R O C E S S . N0N-G21 CHARACTERS ARE CONVERTED TO 
BLANKS AND V E C T O R S ARE S K I P P E D . 

B 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 ^ _ 

._ .. gILL BE MOVED". 
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 , 

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

E V E R Y 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 _ Q 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 ! 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 - M O D U L E , 

B7 SET THE C U R S O R . 
PARAMETERS! R52»*X 

http://_FULL._P.A_Q
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R 5 3 - Y , 

O U T P U T : N O * N E . 

T H E P O S I T I O N W O R D I S C H A N G E D S O T H A T T H E C U R S O R I S 

R E P O S I T I O N E D A T ( X , Y ) . 

B 8 R E A D T H E A N A L O G K N O B S . 

E A R _ M 6 . I E R S j N O N E _ . 

O U T P U T j R 5 2 - K N 0 8 1 

_ • R 5 3 - K N Q H 2 _ _ 

R 5 4 . - U S 8 R S T A T E S W I T C H E S 

B I T P A T T E R N . 

R 5 5 . . A L T ( 1 ) O R N O R M A L ( O ) M O D E . 

G E T S T H E J _ O S I T I O N S O P T H E A N A L O G K N O B S 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 - M O D U L E . 

8 9 N O T " Y E T " S P E C I F I E D . ~ ~ ~ ~ 

B I O R E A D T H E S T A T E S W I T C H E S . 

P A R A M E T E R S t R 5 2 < - A L T ( 1 O R N O R M A L ( 1 ) M O D E . . 

O U T P U T ! R 5 3 « - S T A T E W O R D . 

~ B l i " " ~ ' S E T ' tHE _ STATE" ' ' 'SWl"TCHEsV 
P A R A M E T E R S ) R 5 2 - D E S I R E D S E T T I N G . _ 

O F S T A T E W O R D . 

O U T P U T : J N O N E . 

L O A D S R S 2 I N T O T H E S T A T E W O R D . 

8 1 2 S E T C O M P A R E O N C H A R A C T E R ' : 

O N _ P A G E _ N . : 

P A R A M E T E R S ) R 5 4 - C H A R " A C T " E R T O 

C OH P A R E _ O J _ _ 

R 5 5 ^ 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 ) I L L E G A L P A G E N U M B E R 

_ ( I D N O R O O M L E F T O N P A G E _ 

O R ( I I I ) D E L I M I T F O L L O W S S T O R E . ~ ~ 

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

C H A R A C T E R . E . G \ R E T U R N ' W O U L D B E 8 R 7 5 . A N D I N S E R T S I T I N ~ 

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

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

8 1 3 " S E T " C O M P A R E " R O U T I N E , 

P A R A M _ _ T E J _ S _ I _ _ R _ 5 S < - C 0 M P A R E _ C H A J ? A C T E R . L O C A T I O N F O R V A L U E 

R 5 6 * - A D U R E S S O F 

U S E R R O U T I N E . 

O U T P U T : N O N E . 

E R R O R I F : R 5 6 O U T O F B O U N D S . 

S E T S U S E R R O U T I N E T O B E E X E C U T E D W H E N A C O M P A R E I N T E R R U P T 

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

T I M E . 

http://R55.-C0MPARE_CHAJ.jAC
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B 1 4 S E T M E M O R Y F U L L R O U T I N E . 

P A R A M E T E R S r R 5 6 * - A D D R E S S O R U S E R 

RJPUT1N_E_ 
O U T P U T i N O N E . 

E R R O R _ I F J _ R 5 6 O U T O F B O U N D S . 

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

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

E X E C U T E D A T A N Y T I M E . 

B 1 5 G E T N B L O C K S F O R P A G E M__ 

P A R A M E T E R S ! R 5 2 * P A G _ ' N U M B E R 

R 5 3 - N U M B E R O F B L O C K S 

O U T P U T I N O N E . 

E R R O R I F t I L L E G A L P A G E N U M B E R . 
S A M E T A S K A S O N M A N A G E M E N T P A G E . 

B 1 6 E N A B L E " P A G E N . ' 

P A R A M E T E R S ! R 5 2 * P A Q 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 . 

B 1 7 D I S E N A B L E P A G E N 

P A R A M E T E R S ! 

_ U T _ _ J _ L * _ 
E R R O R I F | 

R 5 2 - P A G E N U M B E R . 

N O N E . 

I L L E G A L P A G E N U M B E R . 

B 1 8 D E L E T E P A G E N . 

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 i 

E R R O R I F ! 

N O N E . 

I L L E G A L P A G E N U M B E R . 

S A M E A S T A S K I N O P T I O N S T A T E . P A G E 

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

I S R E T U R N E D T O 

B 1 9 A P P E N D P A G E N T O P A G E M . 

P A R A M E T E R S I R 5 2 - P A G E N U M B E R N . 

R . 3 - P A Q E N U M B E R _ M . 

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 F R . 

S A M E T A S K A S I N O T T T O K T S T T T E . 

~ B " 2 0 D I S E N A B L E ' T l L I N P U T " F R O M T H I S 

S C O P E . _ _ 
P A R A M E T E R S I N O N E . 

O U T P U T ! N O N E 
D T S ~ E N A B L E S A L L P A G E S F O R T H E G I V E N S C O P E , 

B 2 1 R E M O V E C O M P A R E O N C H A R A C T E R 

O N P A G E N . 
P A R T M E T E R S ( R 5 ' 4 « - C H A R A C T E R T O 

__ilpJ_l__OJ_! 
— R 5 5 * P A G E N U M B E R . 

O U T P U T t N O N E . 
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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 F W " A N ~ I T c " C U R ^ r 
O N T H E 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 R E S E T C O M P A R E " " R O U T I N E ; 
P A R A M E T E R S : N O N E . 
O U T P U T : N O N E . 
R E S E T S T H E S T A N D A R D M O N I T O R 
R O U T I N E " F O R T H E C O M P A R E R 0 U T I N E , " ~ 

9 ? 3 R E S E T M E M O R Y F U L L R O U T I N E . 
P A R A M E T E R S ! N O N E . 
e u j p u x * - ^ - - - ^ 

R E S E I S T H E S T A N D A R D M O N I T O R R O U T I N E F O R T H E M E M O R Y F U L L 
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 , 
PAR A L T E R S R 5 2 0 . 

n *"> o ^ T 
R * 4 * C H A R A C T E R F O R C O M P A R E 
R 5 5 . - P A G P N U M R E R . " ' " 
R 5 6 . - C 0 M P A R E R O U T I N E . 

O U T P U T . N O N E . 
_ E . R R O « _ ! £ _ : ( I... I L L E G A L _ _ P A G_E_ J_UABM.._ 

/ T t i k,_ n n /i u i r- r* t nu n a n ^ 

n B

 ( J ^ a m«T n? L pSuMr4 
t u t s _ m . T t . P n t i i r t d?S an tun =h * 

J M H fc S TMP pVrF POSITIONS IMP PURSO; _ t S £ V f S l t c _ 

f - t n ^ f p i m t h p _ r m a p i f * t p I T * I S ? ^ r - T T U ^ T ^ -

p 9 u h t p S t S t s rnp L . ' ' J s n TO OBTAIN THE SCOPENUMBERANOTOUSE ( < J „ J T C H Q « TD UHTAIN THt SLOPENUMBER,AND TO USb A CONTROL SWITCH,B25 

SHOULD He "ALLtU A_ WbLL. 

~R? 5 nPFTNP TlSFW t'NTF~r"riJPTS 

°i>l«-^, R 5 2 * - U S E R ' ENTRY P O I N T . . . . . . . . 

- IllE"' N O N E 
.«n *A_I =___• 

K T ! F , . . U S E R ' E N T R Y P O I N T D O E S 

http://_m.Tt.P
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R55, R56 WHEN U S I N G 8 2 5 . THE USER CONTROL S W I T C H ALLOWS 
THE USER PROGRAM T O ' DECLARE I T S E L F ~ T ; N T E ™ W T T B T F ~ A S ~ " 
D E S I R E D . IF IT IS NOT EQUAL TO ZERO WHEN THE I N T E R R U P T 
OCCURS," THE S C O P E M O N I T O R DOES NOT PASS C 0 N T R 0 C ~ 3 U T K F E P S 
L O O K I N G _ONCE A SECOND U N T I L THE V A L U = _ O F THE SWITCH IS 
Z E R O / A S E C O N D I N T E R R U P T DURING T H I S f I ME ^ I L L G I V E '"' 
MJJ L T J P.L E _ _ I N J J R_R UPT ERROR AND BE I G N O R E D . BUT THE F I R S T 
ONE WILL S T I L L BE PROCESSED C O R R E C T L Y , 

B J _ _ _ S E T CRT F I E L D ON PAGE N. _ 
"PARAMETERS! R52 -N 

_ R 5 3 - B I T S FOR _ _ 
CRT F I E L D . 

OUTPUT i N O N E . 
T H I S R O U T I N E ALLOWS THE USER PROGRAM TO D I S P L A Y ON MORE 
THAN ONE S C O P E . THE T22 T A B L E IN THE SCOPE MONITOR HAS 
B I T P A T T E R N S FOR EACH SCOPE I N D I CAT I N G ~ T H A T THE HUMAN HAS " 
A L L O _ W E D _ I N T _ R A C T l O N WITH PROGRAMS FROM OTHER S C O P E S . THE 
NORMAL E N T R I E S ARE S i , $ 2 , AND S 3 . R E S P E C T I V E L Y , J F SCOPE 
2_ ALLOWED I N T E R A C T I ON WITH PROGRAM -ROM SCOPE 1, I T S 
ENTRY WOULD BE CHANGED TO $1 + _ 2 , THE USER PROGRAM 
I N D I C A T E S I T S D E S I R E TO D I S P L A Y IN BOTH SCOPES U S I N G B26 
AND P A S S I N G THE L I S T P A T T E R N SI + S 2 . THE USSR PROGRAM^CAN ~~" 
ONLY D I S P L A Y ON THOSE SCOPES FOR WHICH P E R M I S S I O N HAS 

— BEEN G I V E N ; S I N C E THE B I T P A T T E R N I S ' E X T R A C T E D WITH T H E " 
ENTRY IN THE T22 T A B L E . THE E X T R A C T E D P A T T E R N BECOMES THE 
CRT F I E L D OF THE D E L I M I T OF S U B S E Q U E N T L Y PRODUCED D I S P L A Y 

PAG iS__ _ 

B 2 7 R E T U R N T O I N T E R R U P T E D C O M P U T A T I O N . ] 

P A R A M E T E R S ! N O N E . " ' 

O U T P U T ! N O N E . 

U S E I N T H E U S " E R ~ 7 N T E R R U P T S E R V I C E R O U T I N E " T O C O N T I N U E 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 . I F Y O U W I S H T O C H A N G E T O A 

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

B ~ 2 8 — C L E A R A PAGE". ~ ~ " '"' 
PARAMETERS^ R 5 2 - P A G E NUMBER. 
O U T ' P U T I W N E " 
ERROR I F ! I L L E G A L PAGE NUMBER. 

I N S E RTS A STOP _ C OMMAND A F T E R " T H E D E LI MI T "01\T"P"A S'E~"N"'." NOTE 
THAT A T T E M P T I N G TO CLEAR A PAGE OF ZERO L E N G T H WILL 7ER0 

A D E L I M I T AND"PERHAPS DESTROY I ^ F O R M A T I O N . 

T H E F O L L O W I N G ARE NOT YET IMPLEMENTED 

B29 MOVE P A G E N J T O F I L E M. 
PARAMETER'S! R52"«-N 

R53*M 



SCOPES 49 

OUT PUT 1 NONE . 
B30 HOVE L O G I C BLOCK BASE N L E N G T H 

L TO- F I L E M. 
P A R A M E T E R S ! R52 -N 

R53«-L 
R54-M 

O U T P U T ; NONE 
B31 MOVE F I L E M TO PAGE M, 

PARAMETERS I . R52*-M 
R53.-N 

O U T P U T ! _ N O N E . 

_B__2___ M 0 V. E „ F J L E M_TO L O C A T I O N N. 
PARAMETERSJ R . 2 - M 

R53.-N __ _ _ 
O U T P U T ! N O N E . 

B 3 3 ^ READ IN A 3 - D I G I T I N T E G E R 
AT I X , Y ] , 
ER_ROR_ I F ! I L L E G A L PAGE NUMBER. 
P A R A M E T E R S ! R52*X 

R5.3_._Y. _ ._ ... 

B34 RE AD _ I N A S T R I N G OF CHARACTERS _ 
A T [ X , Y ] , 
P_A_AMFTE_RSl R 5 2 - X 

R 5 3 - Y 

" B 4 ( T G E T S SCOPE~MAH NUMBER, 
G I _ . E N _ Q - ? 0 M_A____NUMBER, 
P A R A M E T E R S ! R 5 2 - G - 2 0 MAN NUMBER. 
O U T P U T S : R 5 3 - S C 0 P E MAN NUMBER. 

B _ l _ GET_S_COPE MONITOR SYMBOL N. 
P A R A M E T E R S ! R52 -N 
O U T P U T S ! R53«-VALUE OF SCOPE 

~ " " " ' MONITOR S Y M B O L . 
N - 1 U 3 5 , F E T C H A MODULE 

2 T 6 0 , PAGE ADDRESS T A B L E 
_ _ _ 3 U 2 9 , R E L E A S E 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 . C O N U E R S I O N _ T A B L E S _ F R O M 

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 B R E A K P O I N T S 
11 Y 7 2 , TRACE T A P L F S 
1 2 T 7 4 , _ I S R R E T U R I _ J » O I N T _ 

http://R5.3_._Y


S C O P E S ^ 5 0 

T O O B T A I N T H E A D D R E S S O F A P A G E 

A L D U M * - " 2 » " O U T ^ T R U E ' l B < 4 1 , D U M , T 8 Q , D U R T D U M V D U M > 1 

O U T « - F A L S E ! A D D R « - T 8 0 - 1 + S C O P E N U M + 3 * P A G E | 



S C O P E S 5 1 

ERROR NUMBERS, 

THE SCOPE" MONITOR PASSES AN I N T E G E R IN THE ACCUMULATOR 
WHICH I S _ T H E _ J - O C A T I O N IN THE SCOPE MONITOR WHERE _THE__ERROR_ 

"WAS D E T E C T E D . THF F O L L O W I N G T A B L E R E L A T E S T H E S - " I NT EQERS 
J 0 T H E I R MEANI N_G S _ 

ERROR NO . R O U T I N E MEANING 

167003 S E V E R A L . 

167014 

167145 
167164 
167 211 
167355 

171402 

171406 

2 
2 _ 
3 
_2_ 

I N T E R A C T I O N U N A C C E P T A B L E . E I T H c R 
(A > REMOTE FROM WHICH JOB WAS 
S U B M I T T E D IS NOT 
A SCOPE I (E _ NOT IN [ 5 , 7 ) . 

167„4 6_ 
171365 
173 37-2 

17 0R_18„ 
S E V E R A L 
S E V E R A L 

OF U S r R LOGGED IN OR(B)MANNUMBER 
-> = M ANNUMBER 
ON J O B CARD OF PROGRAM, 
PROGRAM A T T F M P T J N G T3 I N T E R A C T 
WITH A SCOPE FOR WHICH P E R M I S S I O N 
HAS_NOT BEEN G I _ 

S E V E R A L 

S E V E R A L 

B R O U T I N E WITH T H I S NUMBER 
D O E S N ' T E X I S T . 
PAGE D O E S N ' T E X I S T 

_NO ROOM L E F T ON PA__E_ 
NOT ENOUGH S P A C E , 
E I T H E R ( A ) ______ AGE E X I S T S 
O R ( B ) N O STORE COMMAND FOUND ON PAGF 

J O R ( C ) A_ D E L I M I T . I M M E D I A T E L Y J_pLLOJ_S 
THE S T O R E ( P A G E F U L L ) 
P A G E ^ N O ^ N O T I N [ i ,_4]_. . 
PAGE N O . N O T I N [ 1 , 4 ] . 

J_AJSE__D_0 E S N ' T EJX.I ST s 

L O C A T I O N G I V E N IS NOT IN USER CORE 
I . E . NOT IN t / l _ 000 , / 7 3 0 0 _ l . 
' L O C A T I O N G I V E N IS NOT IN UPPER CORF 
I . E . NO_T IN [ / 1 6 0 0 0 0 . / 1 7 7 7 7 7 ] . _ 
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8 . S U B P R O G R A M L I B R A R Y . 

W E H A V E " O N L Y J U S T S T A R T E D T O S E T U P T H I S L I B R A R Y . L I S T I N G S 

C A N B E O B T A I N E D ^ F R O M T H E R E S P E C T I V E A N D F I L E S . U S E R C R 3 B A B 1 4 J 

A L G O L S U B P R O G R A M S F I L E 3 2 / P J 

F O R M U L A A L G O L S U B P R O G R A M S F I L E 3 ] . / P | 

S P I T E S U B P R O G R A M S F I L E 3 3 / P * 

P R O C E D U R E S I N A L G O L A N D F O R M L T H E S C O P E A L G O L 1 L I B R A R Y C A N NOW 

B E U S E D "AS A N O U T E R B L O C K T O A N Y A L G O L P R O G R A M . Y O U N E E D A N E X T R A " 

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

K I N G , A L A N B O N D A N D D A V E V A V R A , T H E L I B R A R Y I S C U R R E N T L Y B F I N G 

M A I N T A I N E D A N D _ E X T E N D E D B Y _ R U S S E L L M O O R E , T O WHOM SJJGGEjmONS_AN/J^ 
Q U E R I E S S H O U L D B E D I R E C T E D . 

1 , I N T E G E R P R O C E D U R E L O C ( N ) t I N T E G E R N ) G I V E S T H E A D D R E S S 

W H E R E T H E V A L U E O F A N I D E N T I F I E R I S S T O R E D . F O R A R R A Y S T T O C U t l l ) 

W I L L G I V E T H E 1 S T W O R D O F T H E A R R A Y . 

2 . L O G I C P R O C E D U R E D E C M L ( N U M B E R ) i I N T E G E R N U M B E R i " G E T S T H E 

D E C I M A L G - 2 0 C H A R A C T E R S F O R T H E V A L U E O F N U M B E R A N D P A C K S T H E M I N 

D E C M L . 

3 . B O O L E A N P R O C E D U R E B ( B N U M , 3 5 2 , B 5 3 , P 5 4 , B 5 5 , J 3 5 6 ) V A L U E 
_ B N U M I I N T E G E R B N U M . H 5 2 , " " 8 5 3 , 9 5 4 , , B 5 5 V T 5 A | C A L L S B - R O U T 'lW 

N U M B E R B N U M . QN__EJ__ROR E X I T , 8 I S T R U E , N O R M A L E X I T F A L S E . H E N C E . 

I F B ( ) T H E N G O T O EXlTj W I L L C A L L T H E B R O U T I N E . 

4 . A N A L T E R N A T I V E V E R S I O N O F B , W H I C H H A S G L O B A L 3 0 0 L E A N 

V A R I A B L E S O U T 4 N D " " P R " . " I F O U T I S T R U E P A R A M E T E R S A R E O U T P U T , I F P R 

I S T R U E , T H E V A L U E S _ O F P A R A M E T E R S A N D N A T U R E O F E X I T A R E 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 " P R O C E D U R E R A T H E R T H A N A 

F U N C T I O N A N D C A L L S O N B . _ 

6"i L O G T c " P R 0 " G E ' D T i ^ E - D " E R ( T T Y T I T O U E X , Y i f N T ' E G F R - T T Y T 
COMPUTES A HEADER I N S T R U C T I O N A T X , Y . NOTE THAT X , Y _ MUST L I E J _ N 
C O , 1 0 2 3 J , 

7 . L O G I C PROCEDURE V E C T O R ( X , Y , S G ) » VALUE X , Y , S G t I N T E G E R 
X T Y J LOG f C ~ S s T c 0 " M P U T E S ~ A ~ V E C ! TOR " S T R I N G - E L E M E N T " W T " T T r T x ~ * ~ T 7 ~ n Y - ^ 
Y. SG = H U S U A L L Y , SG = 2 FLAGS THE V E C T O R SO THAT IT WILL B L I N K 
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OR I N T E N S I F Y ACCORDING TO THE S E T T I N G OF S T A T E S W I T C H E S . 

8 . L O G I C P R O C E D U R E CHARAC ( C S G , i f ) I N T E G E R C S G . I ) 
PRODUCES A SCOPE CHARACTER IN A WORD IN P O S I T I O N I » 1, 2, OR 3, 
SG IS THE TAG F I F L D , SO SG = 2 G I V E S B L I N K I N G AND I N T E N S I F I C A T I O N . 
C IS THE SCOPE CHARACTER NUMBER AS G I V E N IN THE 3UATSE MANUAL. 

9 . L O G I C PROCEDURE CHARSTR ( C 1 , " " C 2 , " C 3 , S G I . " S ^ 2 . S 3 3 J I 

1 0 . PROCEDURE CHARACTER ( X , Y, C)J INTEGER X, Y» LOGIC) PUTS 
" a ~ " " c T T a "Ra " cTER0 N " THE"" S C REEN AT P _ T n T X , " ' Y . " "c IS A S C~OP~E~ 
CHARACTER-STRING WORD AS OBTAINED BY_ USING CHARAC OR C H a R S T R , _ _ I T 

c a n a l s o b e o b t a i n e d b y 

__J>J5L2 _ j _ f l R _ * 4 L W H F R E N I S THE SCOPE CHARACTER NUMBER FROM 
T H E " QUATSE MANUAL. ' "CHARACTER HAS ONE CHARACTER P E R WORD AND A 
S E P A R A T E HEADER FOR EACH C H A R A C T E R , AND I S , T H E R E F O R E , WASTEFUL OF 
S P A C E , G-20 CHARACTERS ARE BEST PUT ON THE SCREEN U S I N G 3 2 . 

1 1 , _ P R 0_C E D U R E__ NU M < X _ V _ f _ N ) }___ V A L U E N) I N T E G E R X, Y) R E A L N j_ 

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

O N _ T H E _ S C R 6 E N a T _ _ X , Y I N - 5 D . 3 2 F O R _ M A T . 

1 2 , PROCEDURE L I N E ( X I , Y l , X 2 , Y 2 M I N T E G E R X I , Y l . X 2 , Y ? ) 
PUTS A L I N E FROM ( X I , Y D T O ( X 2 , Y 2 ) , WITH A SEPARATE H E A D E R . 

PROCEDURE GENERATE < T , ~ Y ; r " T . ~ D T , MORN")")"' VALUE D T . NORM j 
REAL X, Y, T , D T , MORMi G E N E R A T E S A CURVE WITH PARAMETER T WHOSE 
X', Y A R E G I V E N 9 Y E X P R E S S I O N I N V O L V I N G T WHEN A C T U A L L Y C A L L I N G 
G E N E R A T E . THjUS 

G E N E R A T E ( A • SI N ( T ) , " ' _f' * COS ( T ) , T, DT , NORM)') 
_ ._ WILL PLOT AN E L L I P S E . 

. . r ^ 6 . ^ - - l T — — j N E - s _ Q p j g N f S * , AND" I T ~ G J T _ C T J L T T E _ ~ T h c S " E ~ T O " R 

I N T E R V A L S IN T OF D T . IT ASSUMES A SQUARE SCREEN WHOSE L I N E A R S I Z E 
IS "NORM IN R E L A T I O N TO THE V A L U E S OF X , Y . 

1 4 , CURVE ( X , Y , T , D T , T A , T R ) J I N T E G E R X , Y f REAL T , D T , 
T A - , " T B r P L O T S F R O M " TA TO " T B ; 
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1 5 . I N T E G E R PROCEDURE S C A L E X ( X ) l REAL X t 

I N T E G E R PROCEDURE S C A L E Y ( Y ) I REAL Y l THESE "ALLOW EASY 
S C A L I N G , GLOBAL V A R I A B L E S X A , X B , Y A , Y B , S X A , S * B , S Y A A SYB 
I N D I C A T E THAT THE PART OF THE SCREEN U S E D W I L L 8E FROM SXA TO SXB 
AND SYA TO S Y B , WHERE T H E S E L I E IN [ 0 , 10231 , AND THAT T H I S WILL 
CORRESPOND TO V A L U E S X A , X B , Y A , BY IN THE REST OF THE 
C O M P U T A T I O N . THUS 

CHARACTER ( S C A L E X ( X ) , S C A L E Y ( Y ) , C ) J PUTS A CHARACTER O N THE 
SCREEN AT P O I N T X, Y IN THE USERS S C A L E . 

THERE ARE AN E Q U I V A L E N T S F T OF PROCEDURES T A K I N G REAL 
ARGUMENTS FOR P_OS I T I ON_ AND US I NG SCALE X AND SCALE Y, THESE ARE 
D E S I G N A T E D BY AN ADDED i"ON t H EN A ME . T H U S , C H A R A C T E R S , NUM1, 
L l N E l , C U R V E 1 , E T C i 

1 6 . R E A n . P A G F ( N , R B u F F ) > T H j L - n T i r u ^ T r T ^ ^ p T 
L E N G T H 1 BLOCK > I NTO ^ _ m ! . P ! on d c " ! VhH ^ v t S c w »e ln rortM 
WORD , SO IT IS L I K E A NORMAL CARD R E A D , YOU MAY THEN ">cAD FROM 
RBUFF U S I N G AL THE NORMAL F O R M A T T I N G POWER OF A L G O L , 

p R i ^ T i O N P A G E ( N , W B U F F , X , Y ) ) POT S THE C O N T E N T S O F ' PR I NT 
B U F F E R WJBUFf __AFTER NORMAL ALGOL P R I N T I N G ( WHICH CAN BE WITH OR 
WITHOUT <E> OR <W>) ONTO P A G E N AT X , Y . THUS THE F U L L G E N E R A L I T Y 
O F ALGOL I / O ' S A V A I L A B L E FOR C O M M U N I C A T I O N WITH THE S C O p E S . 

3 e . sETS 'C'OPENUM ( N ) ) I NTEGER N j SETS S C O ^ S ' MUMBER TO N, SO 
THAT FURTHEP_ C A L L S OF B R O U T I N E S APPLY TO T H I S S C O P E . THEY OF 
COURSE G I V E AN ERROR IF PERM I S S I ON HAS NOT BEEN S l V t N MANUALLY AT 
THE S C O P E , _ _ _ _ _ 

" 1 9 . I N T E G E R "PROCEDURE SCOPENUMj G I V E S THE SCOPE NUMBER 
C U R R E N T L Y S E L E C T E D . IT__ SHOULD NOT BE C 0 *F_U S E D _ W I T H T_H_E_ SCOPE 
NUM8ER PASSED UPON I N T E R R U P T . 

20 B U T T I N ( E N P T , C N T R L S W . I N T N U M , S C O P N U M , P A G E I N , P A G E O U T > J 
I N T E G E R * "AR0 UM E N T S . D E F I N E S B U T T O N I N T E R R U P T S , D I S P L A Y S ' I N T E R R U P T S 
NOW D E F I N E D ' ON P l A G E O U T AND C O N T I N U E S C O M P U T I N G . ON I N T E R R U P T , IT 
PASSES CONTROL TO ENPT , WHICH CAN RE A CLOSED PROCEDURE OR A 
L A B E L , I_T P U T S * X N T E R R U p T NUMBER ON PAGEOUT UPON_ I NTERRUPT 

"CNTRLSV' = n" I N H I B I T S I N T E R R U P T S . " INTNUM IS THE NUMBER OF T HP BUTTON 
I N T E R R U P T I N G AND SCOPNUM IS THE NUMBER OF THE SCOPE I N T E R R U P T I N G . 
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2 1 . e O W l N < 5 N P T , C N T R L S H . S - 0 P N U M . C t i A R « P A G E I N . P A S E 0 U T t C H ) I S E T S 
"COMPARE I N T E R R U P T - o T ~ C H A R A C T E R c W D N ~ 7 a 1 e ~ 1 ^ I N , S I M I L A R t 0 

B U T T I N . ON I N T E R R U P T , THE CHARACTER WHIGH CAUSED THE I N T E R R U P T 
WILL 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 T H A T C O N T I G U O U S D E C L A R A T I O N OF SCALARS IN FORML G I V E S 
" A L L O C A T I O N S I N S U C C E M T v T l W D S T WHEREAS l ¥ " A T f l O L ^ T T ~ G Y V E S 
C O N T I G U O U S L O C A T I O N S BUT IN THE R E V E R S E ORDER TO THE ORDER OF 

"dec ! ar 7 t T o n 7 : 

T H U S , L O G I C D3 , D 2 , D3J DUMPS ( 3, D 3) I _ P J _ _ T S_TH _ J ? _ V EJ__S_P r 

D 3 , D2 AND D l . 

http://SCpP.ES
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MACROS AND R O U T I N E S IN 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 C A L L S I N T E R F A C E R O U T I N E 
10. E X P E C T S ALL ARGUMENTS TO BE C O N S T A N T S , I . E . , F I X E D AS ASSEMBLY 
T I M E . 

2 . MACRO B V X X I , X X 2 , X X 3 , X X 4 , X X 5 , X X 6 , E X P E C T S X X I T O 9 E 
CONSTANT AND XX2 . . • XX6 TO BE " V A R I A B L E S , I . E . , 3E L O C A T I O N S WHICH 
C O N T A I N THE D F S I R E D ARGUMENTS, 

3 . 10 T H T T N T E R T A C E ~ R W T " i " N _ . 

4. THERE IS A _VARlA_NTON B WHICH PUTS A MESSAGE ON THE G-20 
T Y P E W R I T E R A S K I N G FOR THE H-MODULE T O B E S W I T C H E D , I F I T I S N ' . T . 

5, SOME MACROS TO^ E A S I L Y GENERATE SCOP? D I S P L A Y M A T E R I A L 
H E A D R , V E C . CWD, S T O R . 
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9 . USER S U B S Y S T E M S . 

AN • I N T E R A C T I V E PROGRAM ON THE G - 2 0 IS I N E F F I C I E N T IN I T S USE 
OF COMPUTER T I M E IN T H A T IT O F T E N IS IN A LOOP W A I T I N G FOR THE 
HUMAN TO T E L L IT WHAT TO DO N E X T , ALSO THE PROGRAM MUST WAIT IN 
THE QUEUE BEFORE I T CAN B E I N I T I A T E D . THE PAUSE SYSTEM I S U S E F U L 
FOR G E T T I N G SHORT BURSTS OF USER PROGRAM. 

IN I M P L E M E N T I N G A T I M E S H A R I N G SWAPPING SYSTEM FOR THE. SCOPE 
M O N I T O R , IT WAS FOUND EASY TO ALLOW ANY USER TO WRITE SUBPROGRAMS 
OF R E L O C A T A B L E REENTRANT ASSEMBLY CODE WHICH ARE O R G A N I Z E D BY THE 
SCOPE M O N I T O R . SWAPPED IN AN OUT AS R E Q U I R E D AND AS SPACE P E R M I T S , 
_E_L OCATED IN CORE AND 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 IN A S IMPL E WAY._ 
THERE IS ALSO AN A U X I L I A R Y MACRO SYSTEM WHICH ALLOWS THE 
C O N V E R S I O N OF ORDINARY ASSEMBLY CODE I N T O THE R E Q U I R E D REENTRANT 
R E L O C A T A B L E MODULAR FORM. IT TURNS OUT THAT ANY MODULE OF ANY. USER 
CAN C A L L AN.Y MODULE OF ANY OTHER IN AS V I O L E N T L Y A R E C U R S I V E WAY 
AS R E Q U I R E D , AND THAT ONLY ONE COPY OF ANY MODULE IS IN CORE E V E N 
IF C A L L E D BY SUBSYSTBMS FROM ALL THREE SCOPES AT O N C E . 

TO CONVERT CODE TO MODULAR F O R M , ONE USES THE MACROS AND 
R O U T I N E S ON USFR C R 3 S A B 1 4 . F I L E 34 . T H E N ONE BREAKS THE CODE AS 
F O L L O W S l 
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L A Y O U T EXAMPLE 

F I L E 34 PACKAGE USER C R 3 8 A B 1 4 ; F I L E 3 4 / P j I N S E R T $ 
NON R E L O C A T A B L E ( G L O B A L ) SYMBOL 

D E C L A R A T I O N S LBL T9 0 | 
B E G I N 

R E L O C A T A B L E ( L O C A L ) SYMBOL 
B E G I N 

D E C L A R A T I O N S 
ENTRY P O I N T D E C L A R A T I O N S 

LBL 
ENPT 

E 2 0 I 
1. E l 

( R E E N T R A N T ) CODE E l 
ENPT 
ENT 

2 , E2 

PUSH 
CLA 

5 1 
0 1* 

S T L 
TRM 

2 .50 
E3 

OR NONREENTRANT E2 
E X I T 
ENT 
TRM 
TRA 

E4 
1- E l 

E X T E R N A L I D E N T I F I C A T I O N S T O 
ENTRY P O I N T S OF OTHER MODULES 

E3 
E4 

ISMOO 
ISMOD 

1. 5 . 
2 . 7 . 

•AB14 ) 
* A DO 3 J 

E . G . E3 IS ENTRY P O I N T 1 OF 
MODULE 5 OF USER AB14 

END 
STORE 

END 
STORE 6 . » A B 1 4 | 

STORES THE GENERATED MODULE. E . G . . 
AS MODULE 6 OF USER AB_4 

THE PtTSht 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 5 0 . 
THUS CLA ? , 5 0 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~b1T~sTackeo> . * r F e n t r T n t r o u t i n e does no t e x i t thhough i f s " 
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 
S C OPE MONI TOR USE EXIT. THE S T A CK I NG. JNCLUD IN G_S_T ACKING THE MARK 
T N W T , 50 (WHICH SHOULD THEREFORE NOT BE USED BUT ALWAYS ALLOWED 
FOR) AND PUSHING. POPPING, ERROR RECOVERY IS ALL DONE BY- THE SCOPE 
MONITOR, 

S T A C K E D V A R I A B L E S H A V E T O B E U S E D T O K E E P T H E V A L U E S O F 

V A R I A B L E S N E E O E D " "DU1RTnU R E C U R S I ' V E C A L L S O R " A N Y " T I M E T H E ' C O D"E " M A Y " 

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

D I S C . S O S f X C K E i n / A R I A B L E S H A V E T O B E U S ' E D F O R A N Y V A L U E ' S , S E T " 

B E F O R E A N Y T R M , W H I C H A R E R E F E R R E D T O A G A I N A F T E R T H E R E T U R N 
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THROUGH THE MARK. T H I S IS B E C A U S E ANOTHER USER MAY ENTER THE SAME 
CODE DURING THE WAIT". ONE CAN HAVE MODULES OF REGULAR CODE BUT IT 
CANNOT CALL I T S E L F R E C U R S I V E L Y . AND CANNOT BE SHARED BY ANY OTHER 
S Y S T E M . NOTE THAT EACH USER HAS H I S OWN NAMES FOR ALL H I S 
I D E N T I F I E R S . H A V I N G C R E A T E D THE S U B S Y S T E M . IT CAN BE LOADED FROM 
THE PROGRAM S T A T E . MODULES WILL NORMALLY BE MARKED AS D I S P E N S I B L E 
A F T E R U S E . AND ARE L I K E L Y TO BE SWAPPED OUT IF THE SPACE IS NEEDED 
FOR S O M E T H I N G E L S E ) HOWEVER, THE USER CAN MARK ANY MODULE AS 
_R ETA I N E D 1 W ITH AN I.NTE RR UP T ON THE PROGRAM P A G E . HE CAN * R E L E A S E ' 
A L S O , L O A D I N G A MODULE"AUTOMAT I C A L L Y R E T A I N S I T , OR ONE CAN S I M P L Y 
ASK TO T R A N S F E R TO A MODULE WHICH W I L L LOAD IT IF N E C E S S A R Y , 
E X E C U T E I T AND R E L I N Q U I S H I T . 

THE ADVANTAGE O F SUBSYSTEMS I S , O F C O U R S E , T H E I R E F F I C I E N C Y 
THEY CAN BE USED ON AN I N T E R R U P T B A S I S WITHOUT S U B M I T T I N G A 

Q - g Q PROGRAM. A SUBSYSTEM CAN USE 8 R O U T I N E S TO S E T UP D I S P L A Y S , 
E T C . IN P R I N C I P L E ; ASSEMBLY CODE AND E V E N OCTAL CODE GENERATED BY 
A C O M P I L E R CAN BE CONVERTED TO SUBSYSTEM FORM, SPACE P E R M I T T I N G . 
IN ORDER TO HAVE A DATA AREA TO WORK O N , IT IS SUGGESTED THAT SOME 
MODULES BE RESERVED AS DATA AREAS WITH THE ENTRY P O I N T S GOING TQ 
DATA A C C E S S I N G F U N C T I O N S , SUCH MODULES COULD THEN BE LOADED AND 
R E T A I N E D IN CORE AND THE- CODE MODULES BE PURE PROCEDURES WHICH 
C O U L D . SWAP IN AND OUT AND M A N I P U L A T E T H I S D A T A . THEY ARE NOT 
A C T U A L L Y SWAPPED O U T . J U S T R E L E A S E D TO A V A I L A B L E S P A C E . AND, WHEN 
NEXT N E E D E D , A NEW COPY SWAPPED I N . 

FOR P A S S I N G PARAMETERS I N D E P E N D E N T L Y OF P A R T I C U L A R DATA 
A R E A S , R E G I S T E R S 52 -58 CAN BE U S E D . T H E S E ARE SAVED DURING W A I T I N G 
FOR THE D I S C TO SWAP IN THE NEXT MODULE. 

THE T E X T E D I T O R IS A S E P A R A T E SUBSYSTEM DEVELOPED BY MIKE 
C O L E M A N , AND THEN ADAPTED TO WORK WITH THE SCOPE M O N I T O R . 

TO DEBUG A S U B S Y S T E M , ONE SHOULD F I R S T GET IT WORKING AS 
C O M P L E T E L Y - AS POSSI iBLE BY RUNS IN LOWER CORE WITH L I N E P R I N T E R 
O U T P U T . THEN ONE CAN RUN IT IN THE H-MODULE BY RUNNING A W A I T I N G 
PROGRAM IN LOWER C O R E , SO THAT YOU CAN ONLY CLOBBER Y O U R S E L F . THE 
W A I T I N G PROGRAM IS BEST W R I T T E N IN UPDATE AND CAN THEN G I V E A DUMP 
OF THE H-MOOULE AND RELOAD A F R E S H COPY OF THE SCOPE MONITOR AT 
THE T E R M I N A T I O N OF THE R U N . IN T H I S WAY, ONE CAN DEBUG A SYSTEM IN 
3 Ml N U T E_ BURST S W HTHQUT END A N Q E R I N G INNOCENT U S E R S AND HI THOUT 
B O T H E R I N G THE OPERATORS TO DO DUMPS, WHEN THE USER S U B S Y S f _ M ™ ! S 
S U P P O S E D L Y DEBUGGED? _I_T CAN BE RUN ANY T I M E WITH NORMAL USER 
PROGRAMS I N LOWER C O R E , BUT I f MUST F I R S r ' P A S S A N A C C E P T A N C E T E S T , 
THE A C C E P T A N C E T E S T PROGRAM CAN BE O B T A I N E D FROM A. H. BOND. 
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1 0 , Q R A S p 

' G R A S P ' I S A G R A P H I C A L S Y S T E M , A K J N T O ' S K E T C H P A D » 7 " D E V E L O P E D 
B Y G E N E T H O M A S O N T H E G - 2 1 , A N D D E S C R I B E D B Y H I M A T ' T H E A C M 
C O N F E R E N C E 1 9 6 7 , I T W O R K S W I T H O U R S C O P E S A N D I S W R I T T E N I N A L G O L 
2 0 , SO _U S H O U L D 1 B E _ E A S J L Y _ T R A J _ S F E R _ B L E T 0 T _ H E _ 3 6 0 . I T J S 
C U R R E N T L Y B E I N G M A I N T A I N E D A N D E X T E N D E D B Y R O N B U S H Y A G E R , 

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

1 . I T P R O C E S S E S A N I N P U T S T R E A M O F C A R D S I N A S J J M P L E 
" L A N G U A G E , W H O S E F O R M A T I S S I M I L A R T O A S E Q U E N C E O F 7 A L G O L P R O C E D U R E 
C A L L S . T H I S A L L O W S T H E U S E R T O D E F I N E A N D N A M E G R A P H I C A L E L E M E N T S 
L I K E P O I N T S , L I N E S , E T C , , B U I L D N A M E D C O N F I G U R A T I O N S F R O M T H E S E 
E L E M E N T S A N D _ D L _ , L I C A T E I N S T A N C E S O F T H E S E C O N F I G U R A T I O N S A T 
D I F F E R E N T L O C A T I O N S A N D O R I E N T A T I O N S I N T H E [ 3 ] M O D E L " S P A C E . T H E 
S T R U C T U R E O F T H _ E _ M O D E L N E S T E D , S O O N E H A S C O N F I G U R A T I O N S A T 
V A R I O U S L E V E L S . O N E C A N I N P U T C A R D S P R O M T H E N O R M A L I N P J T S T R E A M 
O R F R O M T H E S C O P E F A C E A N D O N E C A N O U T P U T A [ g ] D I S P L A Y D E R I V E D 

" F R O M T H E M O D P L T O N T 1 H E ^ N " E V P R T N T T R O R T H E S C O = > E F A C E . T H E 12} 
D I S P L A Y I S C O M P L E T E L Y S P E C I F I E D B Y T H E U S E R A S T O I T S S C A L E , 
R E G I O N O F I N T E R S E T W I T H I N T H E M O D E L , V I E W P O I N T I N T H E M O D E L S P A C E 
A N D O R T H O G R A P H I C O R S T E R E O G R A P H I C P R O J E C T I O N . T H E M O D E L C A N A L S O 
B E C H A N G E D I N V A R I O U S S I M P L E W A Y S " - P A R T S O F I T C A N B E R O T A T E 0 , 
M O V E D O R D E L E T E D , A N D T H E M O D E L C A N B E S A V E D O N A N A U X I L I A R Y A N D 

T T _ E . 

2 , T H E U S E R C A N U S E P A R T O F T H E G R A S P S Y S T E M A S A N O U T E R 
B L O C K T O ~ A N A ' Q O L P R O G R A M / W H I C H C O N T A I N S P R O C E D U R E C A L L S T O G R A S P " 
P R O C E D U R E S , S I M I L A R T O T H E L A N G U A G E , B U T E M B E D D E D I N A N Y A L G O L 
C O N S T R U C t l O N S ~ . T H T S FMRWRAM W O ULTJ~~C~0 N S T I T U T = AN ' A P P T T C A T I O N 
P R O G R A M S A N D , I N _ T H E _ G R A S P L A N G U A G E , O N E _ C A N I N S T R U C T T H E _ _ 
A P P L I C A T I O N P R O G R A M T O B E C A L L E D F R O M I T S A N D F I L E A N D A P P L I E D T O 
T H E M O D E L . ; 

GRA~SP~ D T T R S NOT HAVE C O N S T R A I N T S A f T S F A C T i O N F E T N ^ E S T g U T T T 
I N . THERE .IS . Q U I T E A GOOD AND C O M P R E H E N S I V E USER MANUAL A V A I L A B L E . 
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1 1 . H O W 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 , 

. T J _ E _ G _ _ 2 1 HAS S E V E R A L 8K MEMORY MODULES ON A 8 U S S , AND, I_N_ 
A D D I T I O N , THE H - M O D U L E , WHICH CAN BE S W I T C H E D IN AS R E Q U I R E D TO 
REPLACE THE Q - M O D U L E . THE CORE L O C A T I O N S OF THE H - H O O U L E ARE 
/ 1 6 0 , 0 0 0 TO / 1 7 7 , ' 7 7 7 , AND A PROGRAM W I LL i COMMUN I C A T E WI TH T H I S 
CORE WHEN THE H-MQPULE S W I T C H E D I N ) O T H E R ^ I S E , I T - W I L L 
COMMUNICATE WITH THE G - M Q D U L E , S W I T C H I N G IS DONE BY S E T T I N G S13 IN 
I _ E _ C E R E G I S T E R . IT CAN ONLY BE S W I T C H E P IF THE OPERATOR HAS SET 
THE MODULE S W I T C H E S . TO SEE I F I T I S S W I T C H A B L 5 WE MUST READ THE 
S T A T U S R E G I S T E R SR ( R E G I S T E R 5) AND LOOK AT S 4 . THE NORMAL PE 
IMAGE P R O T E C T S THE H - M O D U L E , AND SO WE CAN R E S E T THAT TO /7f l OR 
/13 ACCORDING TO WHFTHER THE CORE IS I N V E R T E D OR N O T . THE CORE IS 
I N V E R T E D IF THE ( A B C ) BUTTON HAS BEEN S E T BY THE O P E R A T O R , AND 
T_HIS CAN BE READ BY L O O K I N G AT SI OF S R . I F .1 IS S E T , THE USE / 7 0 . 
THE . MAIN MONITOR IS 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 FROM 
T E L E T Y P E S . E T C . , AND WHEN IT DOES SO IT STACKS THE ACCUMULATOR AND 
THE NC R E G I S T E R O N L Y * THE MAIN M O N I T O R , I N T E R R U P T STACK IS 4 DEEP 
AND C I R C U L A R _ _ w H E N I T _ R E S T O R E S CONTROL TO THE PROGRAM, IT RESTORES 
THE ACCUMULATOR AND T R A N S F E R S TO ( N O AND IT R E S E T S PE AND CE TO A 
STANDARD P A T T E R N , NOT TO THE P A T T E R N S IN O P E R A T I O N WHEN THE 
I N T E R R U P T O C C U R R E D . IT R E S E T S THEM FROM THE PE AND CE I M A G E S , 
WHICH ARE < 1 6 9 * 1 ) AND ( 1 3 3 * 5 ) , R E S P E C T I V E L Y . HENCE * WE MUST E I T H E R 
TURN CONTROL OFF OR R E S E T T H E S E EVERY T I M E A F T E R CONTROL HAS BEEN ' 
O N . THE SCOPEL J N T S R RUPT BUTTONS S E T 8 1 3 IN IR AND THE M A I N MONITOR 
SENDS C O N T R O L > 0 THE SCOPE M O N I T O R , THE SCOPE iNTERRlUPT B U T T O N S , 
AT THE SAME T I M E , S E T THE I N T E R R U P T WORDS IN THE H - M O P U L E , AND THE 
SCOPE MONITOR READS T H E S E , 

F I G U R E 8 S H O W S C O D E T O S W I T C H I N A N D O U T T H E H - M O D U L E . T H E 
C L O C K I N T E R R U P T T O T H E S C O P E M O N I T O R C A N B E E A S I L Y P A T C H E D A N D F O R 
S P E C I A L E F F E C T . T H E S C O P E M O N I T O R C A N N O T U S E A N Y O F T H E U S U A L 
F A C I L I T I E S O F T H E M A I N M O N I T O R , L I K E I R O U T T N T S " . A S T H E S E M A Y 9 E ~ 
I N U S E B Y T H E L O W E R C O R E P R O G R A M . C O M M U N I C A T I O N W I T H T H E D I S C I S 
E F F E C T E D B Y U S I N G T H E T E L E T Y P E D I S C R O U T I N E , A N D T H E S C O P E M O N I T O R 
O N L Y E N T E R S T H F M I F T H E Y A R E F R E E A N D W A I T S O T H E R W I S E , T H E S C O P E 
F T L E S " " 7 R " E ~ T O " S P I C T A L T Y ^ R E S 
T Y P E 2 5 . T H E _ 3 L _ 0 C K S _ A R E O F L E N G T H 1 6 0 , , H A L F T H 5 _ U S U A L - B L O C K 
L E N G T H . D I S C S P A C E I S H A N D L E D I N G L O B S O N A N A V A I L A B L E S 9 A C E L I S T " 
B Y T H E S C O P E M O N I T O R * 
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TO SWITCH IN THE MW-12 

ERA 0 , SR) 

IEZ 0 S 4 J 

TRA L U 

EXR 7 7 7 7 7 6 , C E > 

ERA 0 / 7 7 7 7 7 , C E 1 " 

UNL 0 S 1 3 J 

OAD 0 o ; 

LDR 0 , c e ; 

ERA 0 , s r ; 

IEZ 0 

OCA 0 / 7 0 - / 1 3 J 

OCA 0 7 1 3 1 

L"Dfr"~0 TPET • 

fRA LZl 

p f T O " r e r n h m o d u l e n u t s w i i c h a b l _ 

NOTTMAlTTXTT H-HODT1LE SWTT~C"RET) IN.CONTKOX"IS""OFF" 

TO RESTORE J_J__MJU._USER SETTINGS 

L_R_ 1^9 + 1 * PEJ 

LDR 1 3 5 * 5 , C E I 

F I G U R E 8 . 

L T 

L 2 
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B . T H E H - M O D U L E 

T H E L A Y O U T O F T H E H - M O D U L E I S S H O W N I N F I G U R E 9 1 T H E A C T U A L 

P A T H O F T H E S C A N N E R I 'S A S S H O W N I N T H E S M A L L F I G U R E . I N O R D E R N O T 

T O U P S E T T H E S C A N N E R * I T I S D I V E R T E D M O M E N T A R I L Y T O A S M A L L ! L O O P . 

L O C A T I O N S O A N D 1 O F T H E H - M O D U L E . O N A N Y R E A R R A N G E M E N T O F T H E 

D I S P L A Y A R E A • 

T H E S Y S T E M M E S S A G E S S I T I N T H E H - M O D U L E A N D A R E M A D E ; V I S I B L E 

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

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

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

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

I N T E R R U P T S I N E A C H S T A T E . T O E X E C U T E A T A S K T H E A P P R O P R I A T E E N T R Y 

P O I N T I S E N T E R E D I N T H E P A R T O F T H E C O D E W H I C H I S R E E N T R A N T , W H E N 

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

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

A R E Q U E S T A N D R E T U R N S T O T H E I S R , L E A V I N G A L L T H E L O C A L V A R I A B L E S 

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

( T H E R E I S O N E S T A C K F O R E A C H S C O P E ) . W H E N T H E O P E R A T I O N I S 

C O M P L E T E , I T C A R R I E S O N W H E R E I T L E F T O F F . 
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/ 1 6 0 0 0 0 U S E D B Y S C A N N E R 

1 0 • S T A T E W O R D I I 

1 1 I N T E R R U P T W O R D I S CjO P E 1 l _ N O R M A L 

1 2 P O S I T I O N W O R D J \ 

2 0 " I S C O P E 2 I C O N S O L E 

3 0 " | S C O P E 3 I G R O U P S 

1 1 0 __• i A L T E R N A T E 

1 2 0 " I C O N S O L E 

1 3 0 m L j _ _ _ u _ _ ! 

I S O I N T E R R U P T E N T R Y P O I N T 

1 5 1 ; T R A _ _ J _ S R _ _ 

1 5 ? C L O B B E R W O R D J R Q 1 

1 5 4 U S E R E N T R Y P O I N T 

1 5 5 T R A U S E R I N T E R F A C E J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

1 6 0 S_YM 3 0 L _ _ T A 8 L E A N D S Y S T E M V A R I A B L E S I N F I * E D L O C A T I O N S 

180-1700 T A B L E S AND ALL DATA USED BY THE SCOPE MONITOR 

1700-3100 SYSTEM D I S P L A Y PAGES 

_ 3 1 0 0_-440_q I S R ; 

4400-10000 R O U T I N E S FOR C A R R Y I N G OUT O P E R A T I O N S 

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

1777 76 D E L I M I T TO P R O T E C T 

177777 C Y C L E TO D I S P L A Y PAGES 

F I G U R E 9". " : 



S C O P E S 6 5 

THE QOHPLE T I O _ J _ _ AM OPE R A TJ ON I S E I T H E R T R I G G E R E D BY AN 
I N T E R R U P T L I K E THE COMPARE I N T E R R U P T ON THE RETURN C H A R A C T E R , O R . 
I N _ T HE CA S£ OF DI SO TRANSF E R S . THE SCOPE MONITOR KEEPS L O O K I N G TQ 
SEE I F i f CAN C O M P - E T E THE O P E R A T I O N , I N T H I S CASE T O ENTER THE 
MAIN MONITOR D I S C R O U T I N E S . 

T H I S T I M E S H A R I N G , I N T E R R U P T P R O C E S S I N G , MECHAMISM WAS 
_DE S I GjNED AND I MPLEMENTE D__9Y_ 4S3 RY RI GJtTJNO U R_ __ 
D. I N T E R A C T I O N WITH THE USER PROGRAM 

_ T H E B R O U T I N E S A R E J U S T A P A R T O F T H E S C O P E M O N I T O R W H I C H I S 
E X E C U T E D B Y T H E N E W P R O G R A M . F I G U R E 1 0 I S T H E I N T E R F A C E R O U T I N E . 
P _ N E C A L L S A B R O U T I N E B Y P U T T I N G T H E N U M B E R O F T H E B R O U T I N E I N 
T H E A C C U M U L A T O R A N D T H E S U C C E S S I V E A R G U M E N T S I N R E G I S T E R S 5 2 - 5 6 
A N D D O I N G A T R M T O 1 0 . T H I S B L O C K O F C O D E I S I N C L U D E D I N T H E 8 
P R O C E D U R E I N A L G O L ; 

U S E R I N T E R R U P T S A R E H A N D L E D D I F F E R E N T L Y F R O M I N T E R N A L 
I N T E R R U P T S . T H E Y A R E C L A S S I F I E D I N T H E I S R . . 3 U T C O N T R O L I S N O T 
T R A N S F E R R E D T O T H E U S E R P R O G R A M U N T I L A F T E R A L L T H E S W I T C H E S A N D 
M A I N M O N I T O R R E G I S T E R S H A V E B E E N R E S T O R E D J J S T B E F O R E C O N T R O L 
W O U L D B E T R A N S F E R R E D B A C K T Q M A I N M O N I T O R . ' A T T H I S P O I N T , T H E 
S C O P E M O N I T O R E X E C U T E S A N Y U S E R I N T E R R U P T S B Y T R A N S F E R R I N G W I T H 
C O N T R O L O N T Q T H E U S E R E N T R Y P O I N T I N L O W E R C O R E . A C T U A L L Y , I T 
S T O R E S I T S O W N M A R K I N T H E U S E R E N T R Y P O I N T A N D D O E S A T R E T O 
E N T R Y P O I N T + 1 . T H U S I F ; T H E F I R S T I N S T R U C T I O N T U R N S C O N T R O L 
O F F , O N E C A N M A I N T A I N C O N T R O L O F F I N A N I N T E R A C T I V E P R O G R A M , 
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. . e x r A. / 7 7 7 7 6 . C E ) CONTROL 0 - F 

STI L 2 0 I SAVE PARAMETER 

ERA 0 , s r ; READ STATUS REGISTER 

IEZ JL_ $4 j IS THE MM-12 SWITCHABLE 

TRA I2t NO EXIT 

LDR 0 / 2 0 3 0 2 . C E ) SWITCH TO THE MM-12 

CAL / 1 - 0 1 5 2 ) GET THE CLOBBER WORD 

IUO L10* IS IT INTACT 

TRA L2J NO EXIT 

LDR 0 . P E ) RESET MEMORY PROTECT 

CLA L20I REFETCH THE PARAMETER 

TRM / 1 6 0 1 5 4 I ENTER THE SCOPE MONITOR 

LO LDR 1 6 9 + 1 . p e ; RESTORE MEMORY PROTECT 

LDR 1 3 3 + 5 . C E ) RESTORE CE REGISTER 

TRE 1 1 0 ) EXIT 

L2 CLS 0 i ; SET EXIT SWITCH TO ERROR CONDITION 

TRA LO) EXIT 

L10 ALF 1 J R 0 1 I CLOBBER WORD 

L20 LWD > TEMP 

LBL 

FIGURE 1 0 . 
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E . THE T R A N S I E N T V E R S I O N 

IN THE T R A N S I E N T V E R S I O N UNDER D E V E L O P E M E N T . O N L Y THE I S R AND 
T A B L E S W_I LL BE R E S t D E N T , O C C U P Y I NO A B O U T „ l 5 J U - WORDSj TH___J_.T_HE_R 
R O U T I N E S AND THE SYSTEM MESSAGES ARE SWAPPED IN AS R E Q U I R E D AND 
ALL MODULES.WHETHER THEY BE SYSTEM C O D E . U S E R C O D E . SYSTEM MESSAGES 
OR USER D I S P L A Y S , A R E T R E A T E D E O U I V A L E N T L Y IN THE SAME A V A I L A B L E 
SPACE THE S C H E OU L IJ_G I S SUCH T H A T_ M ODULES ARE KEPT IN 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 RELA t E D __F A C I LI TJ ES_SHOJJLD_ I N V O L V E NO S W A P P I N G . _ J _ _ T H I S 
WAY, FOR L I G H T USE THE T R A N S I E N T V E R S I O N SHOULD RUN AS F A S T 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 A R E A , 
THE T R A N S I E N T V E R S I O N W I L L BE ABLE TO CARRY OUT O P E R A T I O N S 
I MPO S_S I B LE FOR THE RES I D E N T VE R S I ON , B UT WIT H _ . E S S E F F I C l E N C Y AND 
SLOWER R E S P O N S E . 

mi uiaaay 
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3CPL S y n t a x i n B a c k u s N o r m a l Form 

i 

< c a p > : : = A | B | . . . Z 
< s m a l l > : : = a | b | . 7 . 2 . 
< d i q i t > : : = 0| 1| . . .9 
< c c t d » t : i _ T l T . . . 7 ~ 

< n l > .z- < c a p > | < s m a l l > | < d i g i t > 
<n2> ts- < n l > | < n 2 > < n l > 
<name> < s m a l l > | < c a p > < n 2 > 

< s t r i n g c o n s t a n t > 7:= _ 

< o l > : : r < o c t d > | < o l > < o c t d > 
< o c t n » * 8 < o l > 
- d e c n > , i = ^ i q i t > | < d e c n > < d i g i t * 
<numfcer> ; : . < d e c n > | < o c t n > 

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

f r i f i l f i z l f ^ 1 1 

± I - I I ± I _ 

l s h i f t j r . h i f t 

1 
e q v j n e q v 

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

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

< n a m e > ! < s t r i n g > | < s t r i n g c o n s t a n t * | < n u m b e r > 
: = < p r l m a r y - E » | < 2 - o p » < 2 - E » 

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

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

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

= < 9 - E > | < 9 - E > _ _ < E > _ < E > 

<E11> : : = < E > | < E 1 1 > _ < E > 
< E - l i _ t > < n u l l > T < E l l > 

< n l l > 
<D1> 
<D2> 
<D3» 
- D 4 > 
^man i 
< m a n i f e s t 2 > 
m a n i f e s t * t 
< g l o b a l l > :iz < n a m e > _ < c o n s t a n t * 
< c l o b a l 2 > it- < a l o b a l l > l < a l o b a l l > ; < 

: = < n a m e > | < n l l > _ < n a m e > 
= < n l l > r < E l l > 
- < n a m e > ( < n a m e l i s t > ) b e < b l o c k > 
= <name _ < n a m e l i s t > j _ < E > 
= <name> ~ v e c < c o n s t a n t > 

m a n i f e s t o : , ="^n7me> = < c o n s t a n 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 -nrt _ _ « i - i < n u l l > < m a n i f e s t 2 > 

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 > 
< D 5 > < D 1 H < D 2 > | < D 3 > ! < D 4 > | - m a n i f e s t * I <g loba l* 
<D> < D 5 > I < D 5 > a l s o < D > 

< C 1 > 

< C 2 > 
: : -

< C 3 > croto<E> 

<C3> ::= b r e a k <C3> 
< C 4 > 

< C 9 > 

^ C 1 0 > 

< C 1 1 > 

< C 1 2 > 

< C 1 3 > 

< C 1 4 > 

< C 1 5 > 

< C 1 6 > 

< C 1 7 > 

< C 1 8 > 

< C I 9 > 

< C 5 > ::= f i n i s h 

<Cf>> -

« E 1 1 > : = < E 1 1 > 

< F > X < ^ l i s t > i 

r e t u r n 

- r e i r e s u l t i s < E > 

<C1> ::= s w i t c h o n < E > i n t o < b l o c k > 

< C S > = < b l o c k > ~ 

. . . < c l > | < C 2 > ! < C 3 > | < C 4 > | < C 5 > ! < C 6 > l < C 7 > | < C 8 > 

i-.z i f < E > t h e n < C > 

t i s t < E T t h e n < C > e l s e < C > 

. . . u 7 l - S s < E ^ d B < C > 

: : = w h i l e < E > d ^ T c > 

: : - H n T I I < E > d o < C > 
: ! = f 5 F^an.e> = * E > t o < E * _ | g < C > 

^ C 9 > r e p e a t ™ 

- - < C 9 > r e , , e a t w h U e < E > 

< C 9 > r e p e a t u n t i l « E > 

< C 9 > ~ C 1 C > 1 < G 1 1 > | < C 1 ? > | <Cl%> | < C 1 4 * | < C 1 5 > I 
< C 1 G > | < C 1 7 > ] < C 1 8 > 

< L 1 > ::" < n a m e > _ 

«.L2> ::= _____< c o n s t an t> ; 

" *= d - f l u l t ! 

- < L 1 » | « L 2 » | « _ 3 » 

= < C 1 9 » | < L > « C > 

« L 3 > 

<L> 

<C> 

< C l i s t > 

< D l i s t > 

< b o d y > 

< b l b c k > 

::= < n u l l > |j.<c><Clist> 

: ! : < n u l l > | : < D > < D l i - t > 

r < D > < D l i s t > < C l i s t > | < C * « C l i s t > 

>.z _ < b o d y > j _ 


