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ABSTRACT 

A short proof of the equivalence of star-free and group-free regular 

events is possible if one is willing to appeal to the Krohn-Rhodes machine 

decomposition theorem. 



1. INTRODUCTION 

The star-free events are the family of regular events expressible 

in the extended language of regular expressions (using intersection and 

complementation, as well as union and concatenation of events) without 

the use of the Kleene star (closure) operator. The equivalence of the 

star-free and group-free events was first proved by Schutzenberger [1966] 

Papert and McNaughton [1966] show that the star-free events are precisely 

the events definable in McNaughton fs L-language, and are thereby able to 

establish the above equivalence without extensive use of the properties 

of finite semigroups. However, if one is willing to appeal to the 

machine decomposition theorem of Krohn and Rhodes,the equivalence of 

star-free, group-free, and also noncounting regular events can be proved 

more simply. We present such a proof in this note. 

2. PRELIMINARIES 

We assume the reader is already familiar with regular events and 

finite automata. Our notation follows Yoeli [1965] and Ginzburg [1968]. 

In particular, if f and g are functions from a set S into itself, argu­

ments are written on the left (so that sf = f(s)), and the composition 

f o g means that f is applied first (so that s(f o g) = (sf)g). 

A A A A A semiautomaton is a triple A = <Q , £ , M > with Q a finite set 
A A (of states), £ a finite set .(of inputs), and M a set of functions 

M A : QA-> Q Aindexed by a 6 E A . The mapping M A is abbreviated "o- A |\ The o a 
element qg-A £ Q A is the next state of q £ Q A under input a 6 £ A . For 

A A A A . A x € (F. ) * the mapping x ;: Q -> Q is defined inductively: A is the 
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A A identity map on Q where A is the null word in (£ ) * , and if x & y<j 
^ z^A)- , ^ ̂ A . A . A A t T f . A A n A for y € (£ and a € S , then x is y ° a • Hence, (xy) = x ° y 

A A k for all x, y € (S ) * . For x € £ ) * and integers k £ 0, x is the 

concatenation of x with itself k times; x" = A by convention. Clearly, 
k A A k A (x ) = (x ) = the composition of x with itself k times. The 

A A 
(necessarily finite) set of distinct mappings x for x € (£ ) * form a 

A A semigroup G under composition, G is called the semigroup of A. 

Let A and B be semiautomata. B is a subsemiautomaton of A provid-
B A B A B A ing £ C £ , Q c Q and the mapping Q is the restriction of a to 

B B Q for each a £ Z . B is a homomorphic image of A providing that 
A B A B B A £ s= £ and there is an onto mapping T|: Q -> Q such that T| ° CT = a ° T| 

for each <j € E . The mapping T| is called a homomorphism of A onto B. 

A covers B, in symbols f lA ^ B" if and only if B is a homomorphic image 

of a subsemiautomaton of A. 

A A A A A A ^ n automaton is a quintuple. A = <Q , £ , s , F , M > where 
A A A A A A = <Q , £ , M > is a semiautomaton, called the semiautomaton of A,s 

A A A is an element of Q called the start state, and F is a subset of Q 

called the final states, The event accepted b^ ^ is {x € ( £ A ) * | s^x A 6 F A ) 

This definition of automaton is merely a notational variant of the usual 

finite state acceptor (cf. Rabin and Scott [1959]), and the events 

accepted by such automata are precisely the regular events. 

3. STAR-FREE AND NONCOUNTING EVENTS 

The star-free events are defined inductively as follows: 

Definition 1. Let £ be a finite set (of inputs). The singleton [<j] is 

a star-free event over £. If U, V e £* are star-free events over £, 
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then U U V, U (the complement of U relative to E * ) f and UV (the concatena­

tion of U and V) are star-free events over £. An event is star-free 

over £ only by implication from the preceding clauses. 

By DeMorgan's law, U fl V = D U ^ and so star-free events are 

also closed under intersection. Since the regular events over £ include 

the singletons and are closed under union, relative complementation, 

and concatenation, it follows that every star-free event is regular. 

Definition 2. (Papert-McNaughton) A regular event U c £* is a non-

counting regular event over £ if and only if there is an integer £ 0 

such that for all x, y, z € £* 

k u k u + 1 

x y z g U x y z £ U. 

Intuitively, an automaton accepting a noncounting event U need 

never count (even modulo any integer greater than one) the number of 

consecutive occurrences of any word y once k^ consecutive y f s have 

occurred in an input word. 

Lemma 1. (Paper-McNaughton) Every star-free event is a noncounting 

regular event. 

Proof. The singleton [<j) is trivially a noncounting regular event for 

every a € £ (choose k ^ = 2 ) , so it is sufficient to show that if U 

and V are noncounting regular events over £, then so are U U V, U, and 

UV. 

Let k a maxfkyjkyj. Then for any x, y, z € X y k z f U U V 

V k - k u \ k~\ V 1 k " k u 
*> xy (y z) £ U or xy (y z) € V *> xy u (y z) £ U or 
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xy (y z) € V <* -xy z 6 U U V. Thus, U U V is a noncounting 

regular event with k^jy^ tnaxfky, k^^. 

k U - k U j ' k U + 1 , k U + 1 

Similarly, xy z f U « xy z £ U *> xy z (E U <=> xy z € U, 

so that U is a noncounting regular event with k- - k^. 

Finally, let k = 2-maxf k ^ k y j * 1 and suppose xy z £ U V. Then 

xy z = uv for some u € U, v 6 V, and it must be the case that either 

k/2 k/2 u = xy 1 w for some w 6 E*» or" that v » w f y ' z for some w f £ £*. In 
k/2 k U k/2-kiT the first case, u = xy 1 w = xy (y ' u w) f U implies that 

k U + 1 , k/2-kij x k/2 +1 _ F F . , _ . T xy (y u w) = xy ' w g U since U is noncounting. In the 
k/2 k/2 +1 second case, v = w'y ' z £ V similarly implies that w'y ' z £ V, 

k+1 k+1 Hence, in either case xy z £ UV, Conversely, if xy z £ UV the 

argument can clearly be reversed to show that xy z € UV, Thus, UV is 

a noncounting regular event with k ^ = 2*maxf k^,kyj + 1. Q # E # D . 

k U 

If U is a noncounting regular event over £ and a € S, then a € U 

implies that U contains all words in a* of length at least k^. Therefore, 
either U 0 a* or U fl o* is a finite event. The regular event (era)* is 

neither finite nor has finite complement, which proves: 

Corollary 1. The noncounting (and hence the star-free) regular events 

are a proper subfamily of the regular events. 

4. GROUP-FREE EVENTS 

Associated with any event U C S * is a congruence relation,^ (mod U) , 

on E * defined for w, y £ £* by: 

w == y (mod U) e> (Vx, z £ £*)[x w z g U « x y z e U ] . 
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Noncounting regular events are thus those regular events U such that 

ku ky+1 
y H y (mod U) for all y 6 S*. 

The relation between this congruence and automata is an immediate 

consequence of the familiar theorems of Nerode and Myhill (cf. Rabin 

and Scott [1959]): if U is a regular event, then there is an automaton 

^ accepting U (viz., the reduced automaton accepting U) such that 

A A 
x s y (mod U) e> x = y • 

Definition 3. A subgroup of a semigroup S is a subsemigroup of S whose 

elements form an abstract group under multiplication in S. A semigroup 

* s gfoup-free if and only if all its subgroups are isomorphic to the 

trivial group with one element. A semiautomaton is group-free if and 

only if the semigroup of the semiautomaton is group-free. A regular 

set U is group-free if and only if there is an automaton ^ accepting U 

such that the semiautomaton A of i is group-free. 

Lemma Z* Let S be a semigroup. If there is an integer k £ 0 such that 

k k+1 
s ss s for all s € S, then S is group-free, 

Proof. Let G be a subgroup of S, and let g be an element of €. Then 
k k+1 . w k, -l Nk k+1. - K k . -1 , , g = g implies e = g (g ) = g (g ) = g where g is the inverse 

of g in G and e is the identity of G. Hence, G = {e} is the trivial 

group. Q.E.D. 

Corollary 2. Every noncounting regular event is a group-free regular 

event. 

% ky+1 
Proof. If U is a noncounting regular event, then y = y (mod U) 
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implies that (y ) = (y ) in the reduced automaton A accepting U. 
A k U A ku+1 A A A 

Hence, (y ) = (y ) for every element y € G , and G 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. 

A A B 

Definition 4. Let A and B be semiautomata and w: Q x U -»E • The 

cascade product A 8 B of A and B with mapping u) is the semiautomaton 

C with Q C = Q A x Q B , E C « ZA and a° for a € S ° defined for all s A € Q A , 
B ' R , s € Q by: 

< « \ **> a° = < P V , s B « 9
A , C T > t B ) B > . 

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

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

is any semiautomaton (A S-|B)52C for any mappings 03^ and with appro­

priate domain and range. 

R 
Definition 5. A semiautomaton R is a reset providing Q = f1,2}, and 
R R R R £ is the union of three mutually exclusive sets 2^, S^, such that: 

a e S , => range ( a
R) = M l ; a € E r a n g e ( c j R ) = f 2 * ; a n d a € S l =* 

R R a = the identity on Q . 

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 p # # - > A ^ s u c h t h a t f o r 1 <; i <; N , A 
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is a reset or else G is a non-trivial homomorphic image of a sub-

group of G . 

Since the trivial group has only itself as a homomorphic image, 

the following lemma is immediate: 

Lemma 3. Every group-free semiautomaton is covered by a cascade 

product of resets. 

Corollary 3. Every group-free regular event is accepted by an automaton 

whose semiautomaton is a cascade product of resets. 

Proof. Let ^, with group-free semiautomaton A, be an automaton 

accepting a group-free regular event U. By lemma 3 and the definition 

of covering, A is the image under a homomorphism 1) of a subsemiautomaton 

of a cascade product C of resets. There is no loss of generality in 
A C 

assuming that £ = £ , since the subsemiautomaton of C obtained by 
C A 

restricting £ to £ is also a cascade product of resets which covers 
C C C A A A. Choose any s £ Q such that s T| = s (the start state of A) and 

define F C = [q £ Q° | q 11 € F A J . Then for any x 6 ( £ A ) * , x € 
A A A C A ^ A C C , A C C 
s x € F o s T l x € F o s x T ] € F * > s x € F . Hence, the automaton 
A C C 
C with semiautomaton C, start state s , and final states F is the 

required automaton accepting U. Q.E.D. 

6. THE MAIN THEOREM. 

The behavior of cascades of resets can be described in terms of 

star-free events using 
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Definition 6. For a semiautomaton A and states p, q € Q , the set A 

°^ p-q-inputs is fx £ (£ A) | p x A = qj. 

Lemma 4. Let C = B S R with B a semiautomaton, R a reset, and 
B B R B B of: Q X S -»E . If B is a star-free event (over E ) for all p, q € Q , 

C B C then C , is a star-free event (over E = £ ) for all a, b € Q . ab 

B C 
Proof. Write "£ l f for the (equal) sets E and E • By the definition 

C B 
of cascade product, the first component of <p, 1> y is simply py for 

B * 
any p € Q , y € E • Since R is a reset, in order for the second component 

C R of <p, 1> y to be 2 , R must receive an input <r, a> U) € E 2 ^ o r some 

r € Q B , a 6 S-
B 

Suppose x £ C . Then px = q and so x € B , but also ™ ^ < p , 1 X q , 2 > H ^ pq' 
* B x must equal y a 2 for some y, z £ £ , OR £ £ such that: py = r for some 

B R 
r g Q and <r, <j> U)' € E 2 - Choose the shortest z such that x = y a z 

for y and CR satisfying the preceding conditions. Then no prefix of z 

R B 

causes R to receive an input <s, 8 > ^ € E-j (where s € Q , 6 € E ) , i.e., 

rcrB,s 
rselv. I F N V — R FNR <--R ^ i n C V A L L V J ^ _ U K 

2 *- TCT , S 
pq 

2 ^ B E 6 S*. 

Conversely, if py B= r for <r, CT> u> g and z ^ B ^ B C 6 E* for any 
R 

< s , 6 > <" then y C Tz € c
< P ) 1 > < q j 2 > P r o v i - d i n g yaz € B Altogether, 

one has: 

C < p , 1 X q , 2 > = Bpq n W B p r cr TU B w B > s 6 £*)] 

B R thelefthand union being over all r 6 Q , a € E,such that <r,cr>u) 6 

B R 
and the righthand union being over all s £ Q , 6 € E such that < S , 6 > D € £ . , . 

The unions in the expression for C - ^ - are finite, and £ is 
< p , 1 X q , 2 > ' 

a star-free event (£ = j? and / = [G\f\ \<j)), so that C , is a 
<p, lXq,/> 

star-free event. The set of x £ C • is precisely the set of 
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* B i x € E such that px = q and x fc C w ^ , i.e., C ^ w = r n <p,lXq,2>' ' <p,1Xq,1> 
B fl - ^ and so C w ^ - is also a star-free event, pq <p,1Xq,2>' <P,lXq,1> 

Since the argument is symmetric in states 1 and 2 of Q , C ^ *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 is a star-free 

event for all a,b 6 
ab 

B 
Proof. Let R be a reset and B a semiautomaton such that Q = {p} and 
B R B B B R E = E . For a € E , define CD: Q X E ->E by the condition <p,o>u> = a. 

In this trivial case of cascade product, R.. = (B $ R) for 
* ' lj <p,iXp,j> 

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 a b 

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

This completes the proof of the following 

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

equivalent for events U cz E 2 

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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F I G U R E S 
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1 . P R E F A C E 

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

M A I N L Y W I T H S O F T W A R E , A S T H E H A R D W A R E I S T R E A T E D D E F I N I T I V E L Y I N 
S I T E C H . D O C U M E N T < « A V I S U A T T T S P U R S Y - S T E M J U L U B L E F O R 

T I M E S H A R E D U S E ' B Y Q U A T S E , J E S S E T . , L A T E S T V E R S I O N D E C E M B E R 1 9 6 6 , 
O B T A I N E D F R O M T H E C O M P U T A T I O N C E N T E R D O C U M E N T A 1 1 O N S T A F F . I N O R D B R 
T O U S E T H E S C O P E S , I T I S S U F F I C I E N T T O R E A D T H E Q U A T S E D O C U M E N T 

" A N D T H E S C O P E U S E R S M A N U A L . T H E Q U A T S E M A N U A L S H O U L D B E R E A D 
? ? M T ! R R ? E F D E S C R I P T I O N O F H A R D W A R E C O N C E P T S A N D T E R M S I S G I V E N 
I N S E C T I O N 3 O F T H I S M A N U A L . 

T H E S C O P E S A R E S I T U A T E D I N R O O M P H 1 6 A , C O M P U T A T I O N C E N T E R , 
T E W H O N E " E X T E N S I O N 2 7 . T H E Y A R E O N W H E N J E L E T Y P S S ^ A R E O N , J J S U A L L Y 
1 0 1 0 0 AM T O M I D N I G H T A N D H A V E N O R M A L T E L E T Y P E T U R N A R O U N D T I M E , 
E X C E P T T H A T P R O G R A M S S U B M I T T E D F R O M S C O P E S R U N A T T H E B E G I N N I N G O F 
T H E W A I T T I M E , I . E . , I M M E D I A T E L Y , T O A L L O W T H E " S E R J O B E P R E S E N T 
A T R U N T I M E A N D T O I N T E R A C T W I T H H I S P R O G R A M . A T P R E S E N T O N L Y 3 
M I N U T E P R O G R A M S C A N B E R U N , A N D O N L Y P R O G R A M S S U B M I T T E D F R O M 
S C O P E S C A N I N T E R A C T W I T H T H E S C O P E S . 

O N L Y A L L O W E D U S E R S C A N U S E T H E S C O P E S . I N O R D E R T O B E C O M E A N 
A L L O W E D U S E R , O N E S H O U L D C O N T A C T A . H . B O N D , C . C~I E X T E N S I O N 6 6 . 
T H E M A I N U S E S O F T H E S C O P E S A R E E X P E C T E D T O ' B E F O R I ( A ) P R O G R A M S 
N E E D I N G O N - L I N E D Y N A M I C A L : G R A P H I C A L D I S P L A Y I A N D : < B > I N T E R A C T I V E 
P R O G R A M S , T H A T I S , P R O G R A M S W H I C H C O M M U N I C A T E W I T H ! T H E H U M A N ^ W H I L E 
R U N N I N G , A N D C A N B E 8 U I D E D A N D I N F L U E N C E D B Y T H E H U M A N . T H E V E R Y 
G E N E R A L D I S P L A Y E Q U I P M E N T A L L O W S A G R E A T V A R I E T Y O F M E T H O D S O F 
M A N - P R O G R A M I N T E R A C T I O N . 

T H E S Y S T E M I S S T I L L U N D E R D E V E L O P M E N T A N D A T T E M P T S T O U S E 
S W E F E A T U R E S W I L L Y I E L D T H E E ^ R O H M E S S A G E ' S O R R Y , N O T Y E T 
I M P L E M E N T E D ' . H O W E V E R , T H E S C O P E U S E R S M A N U A L W I L L B E K E P T 
S T R I C T L Y U P T O D A * E W I T H C U R R E N T I M P L E M E N T A T I O N , T H E ; D A T E O F 
R E W R I T I N G I S S H O W N O N T H E F R O N T C O V E R . B E T W E E N R E W R I T J N G S , A N Y 
C O R R E C T I O N S T O T H E M A N U A L ! A R E K E P T O N A N A N D fTUT, A ~ M ~ C A N 9 E 
O B T A I N E D B Y E X E C U T I N G  
U S E R C R 3 8 A B 1 4 ; F I L E 8 1 / P ; G E T T O $ ) R U N , A N D , T A P E L 

A L L O W 5 P A G E S A N D 2 M I N U T E S . _• 
F U R T H E R C O P I E S O F T H E F U L L M A N U A L C A N B E O B T A I N E D B Y E X E C U T I N G 
U S J R C R 3 8 A B 1 4 | _ F J L E _ 8 2 / P i G E T T O $ » R U N , A N D , T A P E L  

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

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

J P J J O A L _ P _ R O C _ E S S O R _ O F _ T H E G - 2 1 , I ' N _ F A C T , _ O N L Y _ U S I N G O N E S K „ M O D U L E 
O F M E M O R Y . O F F - L I N E , O N E C A N E N T E R C H A R A C T E R S O N T O T H E S C O P E F A C E 
F R O M T H E K E Y B O A R P S A N D E N T E R V E C T O R S ( L I N E S ) . O N E C A N A L S O A L T E R 
E X I S T I N G D I S P L A Y B Y D E L E T I O N A N D I N S E R T I O N O F E L E M E N T S , A N D O N E 

_P_AN T R A N S L A T E ( M O V E ) P A R T S J ) F T H E D I S P L A Y T O O T H E R . P A R T S O F _ T M P _ 
S C R E E N . T H E R E S T O F T H E G - 2 1 C A N O P E R A T E N O R M A L L Y . T H E O F F - L I N E 
C A P A B I L I _ T 1 E S _ A R E T H E S U B J E C T _ O F J . Q U A T S E ^ S M A N U A L . T H E Y C A N A L S O 
B E U S E D W I T H T H E S C O P E M O N I T O R L O A D E D . ~ T H E S C O P E M O N I T O R I S 
A U X I L I A R Y T O T H E M A I N Q - G J M O N I T O R A N D W O R K S O N A N I N T E R R U P T 
B A S I S , N O R M A L U S E R P R O G R A M S C A N B E P R O C E S S E D B Y T H E G - 2 1 A N D W H E N 

.^SJOM E _.S_COP E £0M_PJJT A. T I_G N_ I_S_ N E E D E J D T H E U S E R P R O Q R A M I S_ I N T E R R U P T E D 
F O R A F E W M I L L I S E C O N D S . ' 

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

C O M P U T A T I O N T O C A R R Y O U T M A N A G E R I A L F U N C T I O N S A S D E S I R E D B Y T H E 
U S E R . . _ _ L H J L S _ I J _ D O N E _ B Y P R E S S I N G T H E A P P R O P R I A T E I N T E R R U P T B U T T O N S ^ 
T H E M E A N I N G S C U R R E N T L Y A S S O C I A T E D W I T H T H E B U T T O N S A R E S H O W N B Y A N 
E X P L A N A T O R Y D I S P L A Y . _ T _ H E F_AC I L I T I E S _ P R O V I D E D B Y T H E _ S C O P E M O N I T O R 
A R E D E S C R I B E D I N D E T A I L I N S E C T I O N 4 . T H E Y I N C L U D E S T P R A G F O F 
D I S P L A Y M A T E R I A L O N * S C Q P E F I L E S ' . S U B M I S S I O N O F - P R O G R A M S T Y P E D O N 
T H E S C O P E S , T H E P E R U S A L A N D E D I T I N G O F T E X T , A U X I L I A R Y D R A W I N G 
O P E R A T I O N S L I K G L I G H T - P E N T R A C K I N G . T H E R E A R E D E 3 U G G I N G _ F A C J L I T I E S 
W I T H A D Y N A M I C C O R E D I S P L A Y A N D O N - L I N E P A T C H I N G A N D T R A N S F E R 

F A C . I L I L I E S . , 

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

T H E S C O P E M O N I T O R R E C E I V E S I N T E R R J J P J ; S _ _ ^ 
" B T T H E - G 7 2 0 " R E A L - T I M E C L O C K . R E L Y I N G O N L Y O N T H E S E C L O C K P U L S E S T O 

P R O C E S S R E Q U E S T S W O U L D L E A D T P T O O L O N G A R E S P O N S E TIME._jpjjj_CJL_QC_K_ 
" P U L S E E N A B L E S T H E S C O P E " M O N I T O R T O P R O V I D E C O N T I N U O U S M O D E 

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

T H E C U R V E D R A W I N G M O D E . 

I N T E R A C T I V E P R O G R A M S C A N B E WR I T T E N _ _ I N ' _ A N Y P R O G R A M M I N G 
L A N G U A G E . — T H E Y C A N C O M M U N I C A T E W I T H T H E S C O P E S B Y U S I N G T H E » B 

R O U T I N E S ' P R O V I D E D B Y T H E S C O P E M O N I T O R ( T H E S E A R E L I K E I R O U T I N E S 
I N T H E M A I N M O N I T O R ) + U S I N G T H E S E , A P R O G R A M C A N " S E T U P A G E N E R A L 
G R A P H I C A L D I S P L A Y A M D C A N E X A M I N E A G R A P H I C A L D I S P L A Y E N T E R E D B Y A 
H U M A N , T H E H U M A N A N D P R O G R A M A R E T R E A T E D M O R E O R L E S S E Q U I V A L E N T L Y 
B Y T H E S C O P F S , A N D T H E S C O P E S P R O V I D E A G E N E R A L , = ? A ? I D A N D 
T R A N S P A R E N T I N T E R F A C E B E T W E E N T H E M T O P E R M I T M A M - M A C H I N E 
C O O P E R A T I O N O N A P R O B L E M .  



SCPPES 

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 ESI AN D_ _2_»jAN AL OG KNOBS' <_G IVJ NG A QUASI-C0NT INUO US_ 
VARIABLE). WHICH CAN BE SET BY THE HUMAN AND READ BY THE PROGRAM 
USING B ROUTINES. ALSO THE USER_ CAN DEFINE HIS 3W_N_ INTERRUPTS AND 
THE SCOPE MONITOR WILL PASS CONTROL TO THE DEFINED POINTS IN HIS~ 
PROGRAM,WHEN HE PRESSES THE APPROPRIATE BUTTON. 

T H E 8 R O U T I N E S A R E D E S C R I B E D W S E C T I ON 7. T7fE!R~E~TS~T 
JlrPR^PJEJUREl _JiL_AL^OL_AN_P_IORML,_WHJCH C A L L S T H E 8 R O U T I N E S , A N D 

A L S O M A N Y U S E F U L S U B P R O G R A M S I N T H E S E j . A N Q U T G E S ^ ^ " T n - ^ P T T E T 
J H E S E ABi K P P T QM A M D F I L E S A N D A R E D E S C R I B E D I N S E C T I O N 8. 
S I M I L A R S U B P R O G R A M S C X N B E W R I T T E N I N A N Y L A N G U A G E A V A I L A B L E O N 
T H E G-21, 

interaction wttr user programs can only occur durtntt~the 
short run time of the program,but we are try imq to make it easy 

Tor any user to write a 'subsystems which would be essentially 
part of the scope monitor ajnd__ operate on a si interrupt basis. 

"modules of code are "kept on scope files and swapped in by the 
scope monitor as needed and as spaceallows, it is only possible 
to "write such modules in assembly language and their size is 
restricted t0 <3k; however, a subsystem cam consist of an 

TrbTFrary number of Linked reentrant modules. subsystems are 
discussed in section 9. 

G-21 SYSTEMS AUXI LI ARY~TO THE SCOPE "MONTT03" A"RF DESCRIBED"! N" 
AECJJON_10J FOR._EXAMPLE,__A_USER_ SYSTEM IS NEEDED TO MOVF MATERIAL 
BETWEEN AND FILES AND SCOPE F7LES~. "lW~SEC~TT0N~TI7WWTTIWThT 
.INTERNAL WORKING OF THE SCOPEMONI TOR PROGRAM. 
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3 . O F F L I N E U S E , T E R M S A N D C O N C E P T S 

T H E R E A R E 3 S C O P E S , N U M B E R E D 1 , 2 , 3 F R O M T H E ' T E P T ' O F T H E 
R O O M , _ T H E S C O P E F A C E I S 1 0 I N C H E S _ B Y _ 1 0 I N C H E S A M D H A S 1 0 2 4 X 1 0 ? 4 
R A S T E R P O I N T S . T H E 3 2 B U T T O N S A L O N G S I D E T H E F A C E A R E T H E S T A T E 

S W I T C H E S A N D C O N S T I T U T E T H E S T A T F W O R D . T H E L O W E R ? R O W S A R E  
C O L O R E D G R E E N A N D A R E F O R U S E B Y A U S E R P R O G R A M . W H E N A S W I T C H I S 
O N _ J T _ I S _ . U . T _ A J I D _ I J H E _ V A L U E _ D L . T H E S W I T C H . I S 1 , O N _ T H E L E F T O F T H E _ 
S C R E E N A R E 2 ' A N A L O G K N O B S ' K N O B 1 A B O V E K N O B 2 , T H E S E C A N B E U S E D 

A U S E R . P R O G R A M ; J H E I R _ _ V A L U E _ V A R I E S _ F R O M 0 T O 6 3 A N D T H E F U L L 

R A N G E I S O B T A I N E D I N H A L F A T U R N , ~""~ 

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

C O N T R O L P A N E L C O N S I S T I N G O F : 

( I ) 2 0 I N T E R R U P T B U T T O N S N U M B E R E D 0 - 1 9 

_ _ _ _ _ _ - ^ - P G Q P C O N T R O L C O N S I S T I N G O F 4 B U T T O N S T O I N D I C A T E 

W H I C H D I R E C T I O N T O M O V E _ T H E _ C _ U R S O R _ 0 N _ T _ H E S C R E E N ^ T H E C E N T R A L 
B U T T O N I N T H E C O N F I G U R A T I O N M A K E S T H E C U R S O R M O V E F A S T E R , A N D T H E 

S L E W B A R M A K E S I T M O V E E V E N F A S T E R . :  

( I I I ) T H E M A R K B A R 

T O E N T E R D I S P L A Y M A T E R I A L O N T H E S C R E E N O N E F I R S T N O T E S F R O M 
" T H E 6 T H ROW O F S T A T E S W I T C H E S T H A T T H E R E A R E 4 ' P A G E S ' F O R U S E . 
J H I S M E A N S T H A T O N E C A N H A V E ± D I F F E R E N T I N D E P E N D E N T D I S P L A Y S 

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

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

M A T E R I A L A N D T O _ . . _ D E J _ 1__L_LIHA.T_.S_P._CE T O C O R R E S P 0 M D T O T H E R E Q U J _ R E 0 _ 
P A G E N U M B E R . A L S O O N E M U S T E N A B L E T H E P A G E O N E I S U S I N G A N D T U R N 
T H E P A G E S T A T E S W I T C H O N . T H I S A L L O W S 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 M A N U A L L Y . W H E N A P A G E I S E N A B L E D , I T H A S A C U R S O R V I S I 8 L E 
A N D T H I S D E F I N E S _ _ T H _ E P L A C E O N T H E S C R E E _ N _ W H E R E _ A _ T T E N J T I O N 1!S_ 
F O C U S E D . C H A R A C T E R S M A Y NOW B E E N T E R E D F R O M T H E K E Y B O A R D I F O N E 
S E T S T H E S T A T E SW L T _ H E § _ J O J N T E R A N D C H A R A C T E R . _ _ 

V W T O R S — ( T T N E T J — M S T W E T T T E R E D M A N U A L L Y A M T R T F E H D T S P L A Y C A T T 
B E M A N I P U L A T E D W I T H C O R R E C T I O N S , D E L E T I O N S , I N S E R T I O N S , 
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. T R A N S L A T I O N S . E T C . , A S D E S C R I B E D , N J . Q . H , H O S T O P E R T T , 0 N S T R P 

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

W U B L E ~ S L Z I C H A R A C T E R S B Y S E T T I N G A S T A T E S W I F C H A N D O N E C A N G E T 
S U B S C R I P T S I Z P C H A R A C T E R S B Y P R E L S S J L N G _ ^ , . 0_NE G E T S B A C K T O N O R M A L 

~ S T Z E ~ ~ B T ~ P R E S S I N G ,~ M A R G I N S A R E E N T E R E D B Y P O S I T I O N I N G T H E C U R S O R 
A N D S E T T I N G T H E M A R G I N S T A T E S W I T C H E S A N D P R E S S I N G H A R K . M A R G I N S 
A N D A L L O T H ~ E R C O N T R O L S Y M B O L S C A N N O T O N L Y B E M A D E V I S I B L E B Y A 
S T A T E S W I T C H , T H E Y C A N A L S O B E M A N I P U L A T E D I N E X A C T L Y T H E S A M E WAY 
A S N O R M A L S Y M B O L S . 

_ „ . . „ • ! ? C L E A R A P A G E 0 F A L L M A T E R I A L , I T M U S T B E V I S I B L E A N D 
R M D U C A A N D U N B T H T N S E T S T H E C L E A R S T A T E S W I T C H " ; TH£ S P A C E 

^ i T L i y ^ 

O N E S H O U L D O N L Y H A V E O N E P A G E E N A B L E D A T A N Y O N E T I M E , A S 
T H E R F C I S O N L Y O N E C U R S O R P O S I T I O N . ~ ~ T - £ J — 

- „ _ I L F _ L Q L ^ E N T E R E D A F T E R T H E M A N D O N E C A N H A V E 

J _ _ ! ! G I ? S 0 N ° N E P A G E ' I N T H E ~ A L 3 S ~ E l ^ E ~ ^ F - _ M T W 
- R R R ! - _ S ? _ - E N 5 A N I E F F E C T I V E M A R G I N W H E N O N E D O E S A R E T U R N 

? _ ^ ^ T E - A . . ^ F P i S P ^ A L M ? V E S S C R E E N I N A N Y 01 R E C r r o T T T T fiipiipko ^ - . w . . . w w , f M I L ; U V / M C C I ^ _. \ MINT U X n C U I l U t M I I 

4 R I _ T R L _ r - 5 E _ I ^ _ j m _ _ ^ _ E A R S _ O N T H E O T H E R E D G E O F T H E S C R E E N 

S I M I L A R L Y F O R T H E C U R S O R TOSITTON; " 
, I L , , , ™ E L L 6

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

4 N _ _ L _ _ . _ _ C U R S 0 R W I L L A U T O M A T I C A L L Y M O V E T H E R E . I T M A Y B E N E C E S S A R Y 
T O I N C R E A S E T H T I ^ G ! ^ ^ ^ 

T H E , , , n C R E E N F A C E C A N B E P H O T O G R A P H E D I N C O L O R O R 3 L A C K A N D 
W H I T E W I T H A N O R D I N A R Y C A M E R A ^ T H E E I J O T N T T R T N T J _ R U I > P U i l 1T 

P O L A R O J _ D _ _ _ C A M E R A F O R T H I S P U R P O S E . A L S O T H E R E I S A S P E C I A L HIRD 

A N A C I T U A L _ S I ZE__NE_6AT I V E I M A G E D F _ T H E S C R E E N_ _ D J R E C T _ L Y O N T O 
P H O T O S E N S I T I V E P A P E R , S O T H A T T H E L I N F S A N D C H A R A C T E R S A R E B L A C K 

_ P N W H I T E . E N Q U I R I E S A B O U T T H I S E Q U I P M E N T S H O U L D B E D I R E C T E D T O 
B E A U B R I N K E R , C . C , E X T E N S I O N 7 5 . O P I N I O N S A"ND I D E A S O N T H E H A R D W A R E 
S H O U L D B E S E N T T O T H E E N G I N E E R I N G G R O U P . T H E R E I S NOW_ A V A I L A B L E A^ 
R A N D T A B L E T , W H I C H G A N B E A T T A C H E D T O E I T H E R S C O P E 1 O R S C O P E 2 . 
I T C A N B E U S E D A S A P O I N T I N G DPVTrc I TWG T U C I T O U T N E _ . . . . J T C A N . B E U S E D A S A P O I N T I N G D E V I C E L I K E T H E I G H T P E N , B U T 7M 
A D D I T I O N I T A C T S L I < E T H E M A R K B A R , F U R T H E R , I T W I L L E N T 

~ B R ^ W T K I F ^ ^ ^ < F F~!r"? P - A - G - E — ^ G C U R S O R * T R A C K I N G A N D CUR E 

T H E E Q U I P M E N T . E N Q U I R I E S A B O U T I T S H O U L D B E S E N T T O D I C K S H O U P 
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4 . THE SCOPE MONITOR 
A. GENERAL LAYOUT AND OPTION STATE 

THE SCOPE MONITOR _P_ROVI_DES_ A RANGE OF FACILITIES WHICH ARE 
LINKED TO THE INTERRUPT BUTTONS. THE MEANING OF THE BUTTONS IS 

_RE DEFINED AS 0 NlE USES VARIOUS 'STATES' OF THE SCOPE MONITOR. WHEN 
ONE FIRST APPROACHES A SCOPE, AFTER THE SCOPE MONITOR HAS BEEN 
LOADED, IT HA.S »THIS SP_ACE RESERVED,FOR SYSTEM MESSAGES' ON THE 

"BOTTOM OF THE SCREEN. IN THIS STATE, EVERY INTERRUPT BUTTON LEADS 
JO THE LPG-IN_STATE JFIG. 1 ) AND THE„ USER MUST ENTER HIS FULL G -21 
USAGE NUMBER AT THE POSIT ION 0F THE CURSOR. THE "CURSOR IS SET BY 

J M SCOPE MONITOR AND THE STATE SWITCHES ARE SET TO ENTER. 
CHARACTER, PAGE 1 (IF THIS DOESN'T HAPPEN, SET THEM BY HAND). 

-AFLER_JJYP 1NG_JTHE _USAGE NUMBER, PRESS_RETURN̂  THE RETURN CHARACTER 
IS USED BY THE SCOPE MONITOR AS A COMPARE INTERRUPT, AND TELLS IT 

_TO_READ IJjJr_HE_CHARAC TER JUST TYPED BY THE_USER. IF THE NUMBER WAS 
MISTYPED, OR DOES NOT B~ELONG TO AN ALLOWED USER, " THE MESSAGE 

JJiORRY NOT ACCEPTABLE' WILL APPEAR. OTHERWISE. IT WILL GO TO 
OPTION STATE AND DISPLAY THE MEANINGS OF THE INTERRUPT BUTTONS IN 
THIS STATJL THE OPTION STATE I_S_THE TOP-LEVEL OF A HIERARCHY OF 
STATES AND WITH IT ONE SELECTS ANOTHER STATE. 

NOTE THE WORD 'STATE' IS USED TO DESCRIBE THE CONDITION OF 
THE SCOPE MONITOR AND THE DEFINITION OF INTERRUPTS I N THAT 

__P__D_LTJON. EACH HAS AN ASSOCIATED SYSTEM 'PAGE' AjNp SO SOMETIMES_ 
THE WORD 'PAGE' REFERS TO A 'STATE', OCCASIONALLY, THE CONDITION 

ALJM_SCjDLPj^ I BED AS A 'MODE', ESPECIALLY IF IT I S 
DOING AN OPERATION CONTINUOUSLY. THE USE OF THESE WORDS SHOULD BE 
DISTINGUISHED FROM THEIR USE IN OFF-LINE USE. THERE IS SOFTWARE 
STATE, PAGE AND MODE DISTINCT FROM HARDWARE STATE1, PAGE AND MODE. 
IT IS HOPED THAT NO CONFUSION WILL ARISE. _T_HUS THE MEANINGS OF THE 
BUTTONS IN THE OPTION STATE ARE ALL 'CHANGE STATE"TO - - - - -STATE »T 
THE VARIOUS STATES ARE DESCRlAEP__BELOW. IN EVERY S T A T E J _ INTERRUPT 
0 ALWAYS MEANS GO BACK TO OPTION STATE. INTERRUPTS 17, 1.8, AND L T 
ARE CURRENTLY USED FOR SYSTEM MAINTENANCE AND SHOULD NOT BE USFD. 

- — T H E — D I S K 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 N N O T BE" A L T c R E D 9Y 

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 

jjjy "TH! S C O ^ E M O N I T0R , lT 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 . — — — 

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

CURSOR. 



S C O P E S 9 

L O Q - 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 



SCOPES 1 0 

IN EACH STATE, THE MEANING OF THE INTERRUPTS ARE DISPLAYED 9 Y 
A SYSTEM PAGE, THIS DOES NOT INTERFERE WITH THE USER DISPLAY AND 
CAN BE TURNED ON OR OFF (MADE VISIBLE OR INVISIBLE) IN ANY STATE 
BY USING INTERRUPT 1 . ON PRESSING AN INTERRUPT BUTTON, ITS NUMBER 
IS D I S P L A Y E D IN THE BOTTOM RIGHT HAND CORNER OF THE SCREEN, DURING 
THE PROCESSING OF AN INTERRUPT THE NUMBER IS MADE TO FLASH, THE 
USER SHOULD NOT PRESS ANOTHER INTERRUPT BUJIpM UNTIL THE NUMBER 
HAS STOPPED F L A S H I N G . USUALLY THE OPERATION IS VERY QUIC< AND THE 
USER DOESN'T _Sj=E_A_NY FLASHING |_ HOWEVER, OPERATIONS REQUIRING THE 
SCOPE FILES INVOLVE THE USE OF THE DISC AND ONE MAY HAVE TO WAIT 
FOR THE DISC TO BECOME AVAILABLE FOR A SECOND OR TWO. THE NUMBER 
WILL ALSO FLASH WHILE TYPING IN VALUES OF PARAMETERS TO THE SCOPE 
M O N I T O R f IN THIS CASE. ONE CAN CONTINUE TO ENTER_P_AR_AMETSRS.  
LOQ OUT 

PRESSING INTERRUPT 8 , ON THE OPTION PAGE, LOGS THE CURRENT 
USER OUT AND THE MESSAGE 'LOGGED OUT' IS D I S P L A Y E D . 
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B. MANAGEMENT STATE 

THE MEANING OF THE INTERRUPTS IN THIS STATE ARF SHO*fN~ BY THE 
SYSTEM DISPLAY, REPRODUCED IN FIGURE 2. 

~AK—ALLOWED USER MaS RESERVED FOR MtM "SI rjLt» HHW»M*» 
1 TO 20 WHICH ARE ARBITRARY IN SIZE, HE CAM fAVg *AffffjAl 
ON THESE FILES PERMANENTLY BY USING INTERRUPT 2, H£ 0A* TUf 
CONTENTS OF A PREVIOUSLY STORED FILE TO A PAGE OISPLA¥€fl «V (USf*J« 
INTERRUPT 3. WHEN USING 3, SPACE DOES NOT HAVE TO BE RfffWIf) ÔH 
THE PAGE. IT IS DONE AUTOMATICALLY, INDEED ANY MATgRUj gfl THAT 
PAGE BEFORE IS CLEARED. ONE CAN GET A DIRECTORY OF THE S€U»§: J f i f f ' 
BY PRESSINQ INTERRUPT 5. THE_DISPLAY IS LIKE FIGURE 3, |T $U®m 
"THE BASE (RECORD NUMBER) AND LENGTH OF THE RECORD ON THE' DISC. 
THIS IS NOT OF MUCH USE TO THE NORMAL USER EXCEPT TO SEE THAT A 
FILE IS PRESENT OR HAS CHANGED IN LENGTH. 

INTERRUPTS 4, 6 - 9 HANDLE THE RESERVED SPACE FOR THE PAGES. INTERRUPT 6, RESERVES SOME 
IS THE BLOCK, WHICH I<S 160» 

SPACE FOR A GIVEN PAGE, THE UNIT USED 
, WORDS. THERE ARE 30 BLOCKS AVAILABLE 

FOR USE BY 3 SCOPES. A 
NEEDS 4 BLOCKS OF SPACE. PAGE PACKED SOLID WITH DISPLAY PR08ABLY 

• 

INTERRUPT 7 ENABLES A PAGE, AND 8 DISENABLES A PAGE. 

INTERRUPT 9 DELETES A PAGE) I.E., IT REMOVES THE SPACE 
KESERVED FOR THAT PAGE AND 
8 MERELY DISENABLES A PAGE 

MAKES IT AVAILABLE FO* OTHER USE, USING 
AND KEEPS THE SPACE RESERVED. 
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M A N A G E M E N T 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 . S A V E P A G E A S S C O P E F I L E  

J L ? R I M ) 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 S E  

9 . 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 F O R L C 0 2 

F I L E B A S E L E N G T H 

0 0 . 0 0 0 0 0 0 

0 1 . 5 7 6 0 0 2 

0 2 . 5 3 5 0 0 2 

0 3 . 5 7 0 0 0 4 

0 4 . 5 3 3 0 0 2 

0 5 . 5 3 0 0 0 3 

0 6 . 5 2 5 0 0 3 

0 7 . 0 0 0 0 0 0 

0 8 . 0 0 0 0 0 0 

0 9 . 0 0 0 0 0 0 

1 0 . 0 0 0 0 0 0 

1 1 . 0 0 0 0 0 0 

1 2 . 0 0 0 0 0 0 

1 3 . 0 0 0 0 0 0 

1 4 . 0 0 0 0 0 0 

1 5 . 0 0 0 0 0 0 

1 6 . 0 0 0 0 0 0 

1 7 . 0 0 0 0 0 0 

1 8 . 0 0 0 0 0 0 

1 9 . 0 0 0 0 0 0 

2 0 . 0 0 0 0 0 0 

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 O R E 3 

HUNT LIBRARY 

CARNEGIE-MELLON UNIVERSITY 
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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 S I V E N T H E S E Q U E N C E O F A C T I O N S R G G U L S I B T O L O G I N kHO 
S E T U P T H E S C O P E FQR E N T E R I N G C H A R A C T E R S A N D . . L L M L F Q N , T H F S C R E E 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 E S C R E E N . O R E L S E T W E M E S S A G E 
• L O G G E D O U T * . I F - 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 6 E F T Y P E IH Y O U R U S E R N U H B G F T ANF) 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 A 8 G . 

_ . 2 . _ J F _ S O M E O N E _ T S _ L P G _ G £ 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 . _ _1N_ 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 2 . 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 R . T Y P E 2 A N D 
R E T U R N . Y O U NOW H A V 5 R E S E R V E D 2 B L O C K S _ O F _ S P A C E _ OH Y O U R P A G 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 J _ N E 7 O F T H E M A N A G 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 O E _ 2 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 

I I P N S O L I L I . 

6 . P R E S S I N T E W U P T T J T H I S M A K E S T H E M A N A G T M E N T PAG"E D I 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 E I N 
C H A R A C T E R S . PRES~S S T A T E SW I T C H E S E N T E 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 . 
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C . T H E P R O G R A M S T A T E 

S E E F I G U R E 4 . T H I S S T A T E O R G A N I Z E S T H E I N I T I A T I O N O F U S E R 
P R P G P A M S _ A N D J J S J E R S Y S T E M S ^ F R O M T H E S C O P E M O N I T O R . W H E N A_ P R O G R A M 
I S A C T U A L L Y I N T E R A C T I N G W I T H T H E S C O P E S , T H E S C O P E M O N I T O R S H O U L D 
B E P U T I N U S E R P R O G R A M I N T E R A C T I O N S T A T E O B T A I N A B L E F R O M T H E 
O P T I O N S T A T E , H O W E V E R , A L L 1 O R G A N I Z A T I O N P R I O R T O A N D A F T E R T H E R U N 
I S D O N E W I T H T H E P R O G R A M S T A T E J _ 

T L , - S U B M I T A P R O G R A M , O N E " S R O U L D G E T " S O M F B L O C K S F O R A ~PAG E ~ ' A N T T 

E N A 8 L E I T . T H E N T Y P E T H E P R O G R A M O N T O T H A T P A G E . M O T E T H A T T H E R E 
" A R E N T ~ ~ T T B ~ W T T N G S ~ O N T H E S C O P E S ) E V E R Y T H I N G M U S T B E S P A C E D B Y 

H A N D . O N E C A N K E E P P R O G R A M S [ O N S C O P E F I L E S A L S O • _ A N D _ P U T T H E M O N 
" T H E P A G E T H A T " W A Y . O N E W O U L D U S U A L L Y S E T U P T H = P R O G R A M " W I T H T H E 

P R O G R A M P A G E S Y S T E M D I S P L A Y T U R N E D J O F _ F _ , _ _ T H E _ N _ 0 _ M E ^ I L O U L D._T U R N _ O F F _ 
T R ~ E P A G E A N D T U R N O N T H E S Y S T E M D I S P L A Y A G A I N U S I N G I N T E R R U P T 1 . 

T H E S U B M I S S I O N O F A P R Q G R A M T A K E S P L A C E I N T W O S T A G E S . F I R S T I T 
" M U S T B E M O V E D T O T H E 1 I N P U T F I L E ' . T H I S I S N O T T O B E C O N F U S E D W I T H 

A S C O P E F I L E . I J L 1 S A P S E U D O T E L E T Y P E B U F F E R . S E C O N D , T H E I N P U T 
F I L E M U S T B E • S U B M I T T E D ' T O R U N O N T H E G - 2 1 . T O M 0 V E I T T O T H E 

J N P U T F I L E _ 0 _ N E _ S H O U L D _ U S E I N T E R R U P T ^ . T H I S C O N V E R T S T H E P R O G R A M 
T O ( U P P E R C A S E ) G - 2 1 C H A R A C T E R S A N D P U T S I N A B L A N K J O 3 " C A R D A T 
T H E T O P . I N T E R R U P T 5 M O V E S A P A G E W I T H O U T C O N V E R S I O N A N D . I S R A R E L Y 
U S E D . 

U S I N G I N T E R R U P T 4 , O N E C A N NOW S U B M I T T H E I N P U T F I L E . T H E 

V A L U E S O F T I M E , P A G E S A N D S Y S T E M R E Q U E S T E D - A R T ^ " Y W D — I X I T N T T I W 
I N T O T H E J O B C A R D , ' A N D T H E J O B I S P L A C E D I N T H E G - 2 1 Q U E U E T O 3 E 
R U N . 

_ W H E N I T _ R U _ N S , A N Y _ T E L E T Y P E O U T P U T I S P U T I N T H E ' O U T P U T 
R L E ' . O N E CA"N L O O K A T " T H E - I N P U T F~IIRE~""OirTi^~~OTRRP 

I N J ^ - ^ P J ^ M O V E T H E M T O A D E S I G N A T E D P A G E ) S P A C E 

T O E S N O T H A V E T O B E R E S E R V E D ~ F B R ^ I T E - T I A G E rN - N R H T " S _ i r ? ¥ R T T T D I \ R ; 

I N T E R R U P T S 7 A N D B A R E N O T Y E T I M P L E M E N T E D B U T W I L L ; P E R M I T A 
P E R U S A L O F — T H E I N P U T O R O U T P U T F I L E . ~ T H E S E F I L E S A R E V E R Y M U C H 
L A R G E R T H A N C A N B E F I T T E D O N T O A P A G E , A N D I N T E R R U P T S 5 A N D 6 J U S T 

T 0 b T " A T ~ T H E — F L R S F " T P L T B L O C K S . A T T H E M O M E N T , O N E C A N O N L Y L O O K A T 
T H E R E S T O F O N E ' S O U T P U T B Y G E T T I N G T H E L I N E P R I N T E R O U T P U T . T H E 
S C O P E S 1 , " 2 . A N D "3 A R E E Q U I V A L E N T T O T E L E T Y P E S M U M B F R 5 , 6 , A M D 7 
R E S P E C T I V E L Y , A N D L I N E P R I N T E R O U T P U T I S N U M B E R E D W I T H T H E S E 
R E M O T E N U M B E R S . A L S O T H E J O B C A R D H A S T H E W O R D S S C O P E S A N D 
C O U R I E R . W H F N T H E C O U R I E R S E R V J C E I S I N O P E R A T I O N , O U T P U T I S 
P L A C E D " O N T H E " T A B L E " I N P O R T E R H A L L "B!TS1E>!E~NT~NEA~R T H H ~ S C 0 " P E S ROCFMT 
O T H E R W I S E , A S K F O R I T A T T H E I / O C O U N T E R . 



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

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

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

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

F I G U R E 4 . 
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THE INPUT FILE IS MOVED TO ANOTHER INACCESSIBLE INPUT _F1LE ON 
SUBMISSI ON, AND THIS L ATTER INPUT FILE CANNOT BE LOOKED AT OR 
Ak_ERED_ t HENCE, IF YOU HAVE MADE A MISTAKE IN YOUR PROGRAM AND 
HAVE ALREADY SUBMITTED IT, YOU CANNOT RECALL ITj IT WILL BE PUN. 
IF YOU R E S U B M I T , PROBABLY BOTH WILL RUN.  

SCOPE PROGRAMS ONLY HAVE THE SAME PRIORITY AS NORMAL TELETYPE 
PRjOGRAMS, AJiD_ THEY CAN ONLY RUN FOR 3 M_I_NUTES| HOWEVER,THE WAITING 
IN HANDLFD D I F F E R E N T L Y , TO MAKE IT EASIER FOR THE USER TO 3E 
PRESENT WHILE HIS PROGRAM IS RUNNING. ON SUBMISSION OF THE PROGRAM 
I T GOES fo THE TOP OF THE QUEUE (SM P R I O R I T Y ) AND WILL PROBABLY 
RUNJJJTHJN 10 MINUTES OF_ SUBM ISSJON. J H E SCOPE MONITOR C O M P U T E S , 
AT THIS TIME, THE ALLOWED TIME OF NEXT S U B M I S S I O N , ALLOWED TIME * 
[REAL TIME - (TI ME OF SUB MISJH ON_OJL.C^R 
"REAL TIME. 

A S U B S E Q U E N T ATTEMPT TO SUBMIT A PROGRAM WILL^ YIELD THE_ER_ROR 
MESSAGE 'SORRY NOT A C C E P T A B L E ' , IF THE TIME THEN IS BEFORE THE 
ALLOWED T1MJ^.__WH_E_N A P R O G R A M IS QUEUED THERE IS NO INDICATION THAT 
IT IS "QUEUED. " WHEN IT F I N I S H E S , THE SCOPE MONITOR DISPLAYS THE 
MESSAGE 'OUTPUT READY' AND THE USER CAN FIND TELETYPE OUTPUT IN 
THE OUTPUT F I L E . 

INTERRUPTS 9 - 1 2 ARE NOT YET DEBUGGED AND ARE FOR WRITING 
'USER SCOPE MONITOR S U B S Y S T E M S ' 
DISCUSSED IN SECTION 8. 

OR •USER M O D U L E S ' . MODULES ARE 
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D. THE DEBUG STATE 

SEE FIGURE 5. THIS DISPLAYS A DYNAMIC CORE DUMP OF AMY REGION 
OF CORE OF THE G-21. THE REGION DISPLAY IS SELECTED RY_J"URNING THE 
ANALOG KNOBS AND SETTING THE STATE SWITCHES. KNOB1 IS THE LAST 
TWO OCTAL DIG ITSI KNQB 2 THE MIDDLE TWO) AND THE 80TTOM ROW OF 
STATE SWITCHES fs THE TOP 4 BITS OF THE ADDRESS, WHILE THE DUMP IS 
BEING DISPLAYED, IT_ IS TYING UP THE G-21» AND T HE_USER PROGRAM I_N 
LOWER CORE IS NOT BEING PROCESSED)HOWEVER, INTERRUPTS CAN BE 
PROCESSED. _ THUS_ THI S AC I L I TY SHOULD. BE_ USED SENSIBLY A_MD_ _ 
CERTAINLY NOT LEFT DISPLAYING FOR A LONG"TIME. 

THE INTERRUPTS L̂LOW ONE JO PATCH THE CORE. THIS IS DONE BY 
PUTTING A NUMBER INTO THE INPUT BOX. THE DEBUG STAfE IS EMfEREP"IN 
cJ__RJ__I^Mt_AND THE CURSOR I S_ ENABLED . O N E MOVES THE CURSOR TO 
THE INPUT BOX AND CORRECTS THE CONTENTS OF I Tj"~f HE N ~~0 NE'S H 0 J L D G S T 
OUT OF CORRECT MODE. 

I N T E R R U P T i C L E A R S T H E C O N T E N T S O F T H E I N P U T B O X " T C T Z E R O . 

I N T E R R U P T g S T O R E S T H E C O N T E N T S O F T H E I N P U T P O X I N T H E 
L O C A T I O N O F T H E O C T A L D U M P W H I C H I S U N D E R L F N E D ! ~ ~ 

INTERRUPT 3 PUTS THE CONTENTS OF THE UNDERLINED LOCATION INTO 
THE INPUT BOX; ' :  

I N T E R R U P T j4_SMAPS T H E C O N T E N T S O F T H E I N P U T B O X W I T H T H O S E O F 
T H E 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 I O N E 
T5TJFcW~fHE UOcTTT^ 

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 M 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 " ' ' ~~ 
U > T H E U S E R HA_D J E T T E R R E S E T T H E - M 

T O H I S O W N V A L U E S , 

_(11) H E JMUST_ KEEP_JLPjNTROL_0F F . 
A L S O N O T E T H A T 

(111) 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 . 

IF (J ) I I I ) OR ( I I I ) ARE VIOLATED, ' YOU WILL PROBABLY DESTROY J!lE_ENLIRE_WpJLD. 
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T H E U S E R C A N L O O K A T A N Y R E G I O N O F C O R E ) H O W E V E R , H E C A N N O T 
A L T E R O R T R A N S F E R T O A N A D D R E S S I F I T I S N O T I N U S E R C O R E * I . E . . 

1 N _ L 7 0 T O / 7 3 0 J 1 0 , I F _ H E _ I B L § S T O D 0 S O , T H E R E W I L L B E N O R E S P O N S E 
F R O M T H E S C O P E M O N I T O R . 
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DEBUG PAGE 

0. OPTION PAGE 
1. CLEAR INPUT 
2. STORE INPUT 
3. LOAD INPUT FROM MEMORY 
4. SWAP INPUT 
5. TRM 

ooooooooooo 
"005344 00000000467 00000 0736'?? 00000001451—640S0005632 
M l 3 5 0 0155000010 0 0173 0005632 0 0 0 50 0001 00 05550006732 
005154 0173000673? 01770007546 0 0 00 0 0 0 0 0 0 6 00 050 OTOTfR 
005360 00170005353 00JJ5 0 0 0 0 0 0_2 01770076666 01770005300 
(T05354 00000000000" 0177W03T0 6 017 7000 310 6 0~0170W43T2 

THIS SPACE RESERVED FOR SYSTEM MESSAGES 

FIGURE 5 



S C O P E S 2 2 

T E X T H A N D L 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 . 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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S E E F I G U R E 6 . T H I S S T A T E I S N O T Y E T D E B U G G E D , I T "DOES T H E 
M O V E M E N T ^ A _ N D _ _ S C R O L L _ I N G _ ( ' R O L L R O U N D •_) O F _ T E X T T _ I S _ O I S T I N C T F R O M 
T H E T E X T E D I T I N G S Y S T E M W H I C H I S B E I N G D E V E L O P E D B Y M I K E C O L E M A N 
A N D I S C O N C E R N E D W I T H T E X T M A N I P U L A T I O N O N T H E P A G E T O A U G M E N T T H E 
F A C I L I T I E S P R O V I D E D B Y T H E H A R D W A R E " 

T O P E R U S E S O M E T E X T , _ I T M U S T B E O N A S C O P E [ F I L E_, _ I T C A N B E 
M O V E D O N T O A S C O P E F I L E F R O M A N A N D F I L E B Y J S I N Q A N A U X I L I A R Y 
S Y S T E M ( Q . V . )_, A U X R U R Y S Y S T E M S W I L L MO V E T E X T F R O M A N A N D F I L E  
I N G - 2 0 C H A R A C T E R S A N D C O N V E R T A N D M O V E T O A S C O P E F I L E A N D W I L L 
M O V E I T B A C K _ A N D J D O N V E R T I T B A C K . O R WE C A M M O V E J T I N S C O P E 
C H A R A C T E R ! U N C O N V E R T E D B E T W E E N A M D F I L E A N D S C O = » E " I L E A NO A L W A Y S 
K E E P I T I N S C O P E C H A R A C T E R S , _ U N T I L _ T R I S _ N E C E S S A R Y _ T O D * I N T J T 
O U T . ' ' I T I S S U G G E S T E D T H A T D O C U M E N T A T I O N U S E T H E L E A D S Y S T E M . " ( S E E 
S E P A R A T E W R I T E - U P ) ; I N WH I_C_H O N E I N S E R T S T Y P E S E T T I N G C O M M A N D S_ I N T O 
T H E T E X T , S O I T I S P R I N T E D " O U T I N A P R E S C R I B E D F O R M A T . TFLE L E A D 
C O M M A N D S C O U L O _ B E _ K E R T _ I _ N _ _ A L L _ T H E T I M E A S P A R T O F J T H E ' T E X T , I T I S 
H O P E D E V E N T U A L L Y T O B E A B L E T O O U T P U T O N T H E L I N E P R I N T E R O F T H E 

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

U S I N G I N T E R R U P T 3 A N D S E L E C T S A P A G E T O W O R K O N U S I N G I N T E R R U P T 2 . 
J T H I S W I L L _ A U T O M A T I C A L L Y G E T _ _ 5 B L O C K S _ < A S _ M U C H" _AS _C A_M_R E A J 5 0 N A B L Y _ 3 E 

S E E N L N O N E " P A G E ) F O R T H A T P A G E A N D E N A B L E I T . ' T H E R E " I S A 
S P E C I A L L Y R E S J R _ V E D _ J F I L E U S E D F O R _ A _ S _ C R A T C H A R E A A N 0 O N E C A N NOW 
R O L L T H R O U G H T H E T E X T U S I N G ' I N T E R R U P T S 4 A N D " 5 . T H I S S U C C E S S I V E L Y 

_ B ? I N P S I N T E X T F R 0 M T H E S E L E C T E D F _ [ L E J 3 N T 0 T H E _ _ B O J T 0 M O F T H E  
S E L E C T E D P A G E A N D M O V E S T H E T O P "OF"~ T H E P A G E I N T O T H E " S C R T T C H A R E A . 
O N E C A N J J S E T H E H A R D W A R E F E A T U R E S T O A L T E R _ T H E T = X T , _ AND_ A L S O T H E 
S O F T W A R E ' T E X T E D I T I N G F E A T U R E S P R O V I D E D B Y T H E " T E X T E D I T I N G M O D E . 
F I N A L L Y , T O P U T T H E E D I T E D T E X T O N T O A F I L E ( W H I C H C A N B E T H E S A M E 

U N E T ~ 0 N E E X E C U T E S G E T T0'"F7"' W H I C H " P U T S " E V E R Y T H I N G I N T H E " S C R A T C H 
_ A _ R E A 2 S E L E C T S _ A JF I_LE_ , _ A N D _ E X E C U T E S D U M J \ O N E M A Y N O T B = A B L E T O  

B A C K U P ' ~f H E " T E X T " O N T 0 " " T H E S A M E " F I L E A S I T M A Y~HTv"E A L T t R E T T T N 
L E N G T H ; H E N C E _ T H E D U M P P R O C E D U R E S H O U L D A L W A Y S B E F O L L O W E D . I N _ _ 
O R D E R T O W O R K M O R E E A S I L Y , E S P E C I A L L Y W I T H L 0" N 3" F I L = S , I M T E R R U P T S 
8 _ _ I P _ _ H _ _ P R 0 V I D E _ _ T H E F A C I L I T Y O F I M P O S I N G S T R U C T U R E O N D T H E R W I_SE 

" A M O R P H O U S " T E X T . T H E T E X T I S T R E A T F D A S A V = R Y L O N G S T R I N G O F 
C H A R A C T E R S A N D C O N T R O L _CHA_RACTER_S_. T H E U S E R C A N NA_ME_A_NY P 0 I N T _ _ I N 
T H E T E X T ' , " B Y "A 6 " C H A R A C T E R " N A M E O F H I S " O ' W N C H O T C ' E . ~ * Y G ' E T T I N G T H E 
T E X T O N T O _ T H E S C R E E N , P L A C I N G T H E C U R S O R A T T H E P O I N T ANT) U S I N G 
I N T E R R U P T 8 . O N E C A N M O V E T H E P O I N T R E F E R E N C E D 3 Y A " G I V E N N A M E 3 Y ~ ™ 
S I M P L Y U S I N G 8 A G A I N . O N E C A M R E M O V E T H E N A M E A L T O G F T H E R 9 Y U S I N G 
9, A N D O N E C A N D I S P L A Y A D I R E C T O R Y O F N A M E D P'O I N T S C U R R E N T L Y U S E D 
B Y _ P R E S S I N G I N T E R R U P T 1 1 . O N E _ C A N T H E N _GO J M M E D I A T E L Y T O A_NY N A M E D 

" P O I N T " AND"" WORK F R O M T H E R E W I T H 4 A N D 5". A'S T H E " " " T = X T M O V E S B A C K W A R D 
A N D F O R W A R D , T H E S C O P E M O N I T O R K E E P S T R A C K O F T H = L O C A T I O N S O F T H E 
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N A M E D P O I N T S ) I T 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 _ L O N _ A R E _ _ A L L O W J 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 . 

F . 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 P 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 P . 



G . D R A W I N G S T A T E 

" S E E F I G U R E 7 . T H I S S T A T E ~ I S I N T E N D E D T O P R O V I D E E X T R A 

_F A C I J . I T I E S F O R C O N S T R U C T I N Q D I S P L A Y M A T E R I A L_. N O N E O F ; I T I 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 P A G E F O R A T T E N T I O N . 

I N T E R R U P T 3 P U T S ~ O N E " I N A R O T A T I O N M 0 D E , ~ I N " T H I SR~M"OTI E~> A S " D"NE~" 

T U R N S A N A L O G K N O B l>, T H E V E C T O R S O N T H E C U R R E N T L Y S E L E C T E D P A 3 E 

A R E R O T A T E D A B O U T T H E P O S I T I O N OF" T H E C U R S O R . 

_ I N T E R R U P T 4 P U T S O N E I N T R A C K I N G MQIDIE. T H I S P U T S A T R A C K I N G 

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

M O V E T H E C U R S O R A R O U N D .  

- I N T T R R U P T T ~ P U T S O N E I N C U R V E " D R A W T N G M O 0 1 T - T H T H I S C T 5 E , A S 

O N E _ M O V E S T H E C U R S O R W I T H T H E L I G H T P E N , A C U R V E I S D R A W N 
P E R M A N E N T L Y I N T O T H E P A G E , " 
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DRAWING MODE 

PRESS INTERRUPT NUMBER 

2 SELECT PAGE  

.3 ROTATIONAL MODE 

__± TRACKING MODE  

5 CURVE DRAWING MODE 

FIGURE 7 
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H. USER PROGRAM INTERACTION STATE 

ITI T H T S ~ S T A ~ T E 7 " THX~MFANTW 
BY THE USER PROGRAM. THE USER PROGRAM DEFINES THEM BY CALLING 825, 
AND GIVING THE ~ INTERRUPT ENTRY P 01 NT IN "THE PR0 GRAM. THIS IS 
EXPLAINED IN SECTION 6. ONE CAN ONLY GET INTO USER MQDE WHILE THE 
PROGRAM IS ACTUALLY RUNNING. 

I . TEXT EDITING STATE 

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

ERROR MESSAGES FROM THE"SCOPE MONI TOR ARE FEW AND "UNHELPFUL. 
IT IS USUALLY POSSIBLE TO RECOVER AND JUST _C_ARRY__QN FROM THE 
OPTION STATE AFTER AN ERROR. 

U SORRY ROUTINE NOT YET IMPLEMENTED. 

2 . " SORRY NOT ACCEPTABLE. INDICATES A N A R G U M E N T IS NOT 
ACCEPTABLE, USUALLY OUT OF BOUNDS. ATTEMPTS TO USE A 3AQE WITH 
NUMBER NOT IN [1, 4 ) , ATTEMPTS TO READ IN A SCOPE FILE WITH 
NOTHING ON^ITi _ A TT E M P T S TO ALTER CORELOCATI ONS NOT IN USER_C_ORE 
WILL EVOKE THIS MESSAGE. THE STACK IS CLEARED. 

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

4j MULTIPLE INTERRUPT_ ERROR WJLL OCCUR IF MOREJTHAN ONE 
INTERRUPT IS REQUESTED; FOR EXAMPLE, IF"ONE IS REQUESTED BEFORE A 
PREVIOUS ONE HAS BEEN PROCESSED. . ALL INTERRUPT REOJESTS ARE 
REMOVED, AND YOU MUST REREQUEST. 

5_. PANIC. THIS INDICATES THAT YOU HAVE RUN OUT Or SPACE. 
EITHER CORE SPACE, DISC OR STACK SPACE". IT INITIALIZES THE STACK 
AND REMOVES CONTINUOUS MODE OPERATIONS. YOU SHOULD BE ABLE TO 
RECOVER. IF IT IS CORE SPACE. DELETING UNWANTED CORE BLOCKS WILL 
HELP. . 

6." ADDROP <ADDRESS>. THIS SHOULDN'T EVER HAPPEN. fF "IT DOE'S. 
WRITE DOWN THE VALUE OF THE ADDRESS AND SEND IT TO A. H. BONO. 
YOU MAY WELL BE ABLE TO RECOVER FROM THIS ERROR CONDITION. 

7 . USER ERROR* JTHIS INDICATES AN ERROR HAS OCCURRED IN THE 
CALLING OF A B R0UTINE BY THE USER PROGRAM. V0U CAN REMOVE THE 
ERROR MESSAGE DISPLAY BY GOING BACK TO OPTION STATE MOMENTARILY. 
AN ERROR CONDITION IS INDICATED TO THE PROGRAM AMD AN ERROR NUMBER 
IS PASSED TO IT. A LIST IS GIVEN AjT_THE END OF_CHAPTER_7 

8". SOMETIMES,- AS A RESULT OF A SERIES OF 3 ARTI ALLY 
RECOVERABLE ERRORS, THE SCOPE MONITOR GRADUALLY DEGENERATES AND 
EXHIBTTT~W6M~A"L0US BEHAVIOR, LTKE SETTING RANDOM PATTERN'S ON THE 
STATE LIGHTS, ETC. IN THIS CASE, IT IS TIME TO RELOAD. ALSO. IF 
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YOU DO NOT RECOVER CORRECTLY 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 BY PHONING THE MACHINE ROOM (EXT, 60) AND 
ASKING FOR , A REL0AD_0F THE SCOPE MONITOR AT THEjJJNEXT CONVENIENT 
T I M E . HARDWARE ERRORS OR FAULTS SHOULD BE R E P O R T E D TO THE RESIDENT 
PHILCO C U S T O M I N G I NEERS J L_C_ L_ C. EXT. 59, WHO ARE IN CHARGE OF 
HARDWARE M A I N T E N A N C E . " " ~~ " ' 

JL 
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5 . PROGRAMMING FOR GRAPHICS. 

A T Y P I C A L O U T P U T D E V I C E , L I K E ~A" D I S C O R P R I N T E R , WRTH AN7 

- A U T O N O M Q U S _ C O N T R O L U N J T _ W O J ? K S _ A S _ F O L L O W S _ T H E O U T P U T MA TPR I A L _ I S 
P L A C E D I N A B U F F E R W H I C H I S P A R T O F T H E A D D R E S S A B L E C O R E , I T M A Y 
H A V E T O B E A S P E C I A L A R E A O R C A N B E A N Y L O C A T I O N . T H I S M A T E R I A L I S 
I N B I T P A T T E R N S C O R R E S P O N D I N G T O O P E R A T I O N S P E R F O R M E D B Y T H E 

_ Q . M L P . U T . .DEVLCF^ T H E J D B V I O U S J C A S E I S _ T H E C H A R A C T E R , T H E R E MAY9E 
O T H E R S W H I C H C O N T R O L T H E O P E R A T I O N O F T H E D E V I C E L I K E NEW L I N E 
ETC. T _ H E _ _ T R A N S F E R ; 1 S _ T H E N _ I N J T I A T E J D B Y T H E C « _ W H I C H C A R R I E S O N 
W I T H O T H E R T A S K S W H I L E T H E I / O C O N T R O L U N I T P E R F O R M S T H E I / O 
T R A N S F E R . T H E C P A N D T H E I / O C O N T R O L U N I T C O M M U N I C A T E E I T H E R B Y 
M U T U A L L Y A L T E R A B L E S E N S E S W I T C H E S O R B Y I N T E R R U P T . T H E I / O U N I T 

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

_SEV_ERAK D E V L C E _ S _ E A C H _ H A V I N G I T S 0 W N _ C H A R A C T E R S E T , S O T H A T T H E 
I N T E R N A L L Y S T O R E D V A L U E S D O N O T H A V E A N Y I N T R I N S I C E X T E R N A L 

_R E P RE S E N T A T I O N £ S U C H R E P R E S E N T A T I O N S A R E P R O P E R T I E S O F T H E I / O 
D E V I C E . I N P U T F R O M A T Y P E W R I T E R U S U A L L Y T R A N S F E R S A S I N G L F 
C H A R A C T E R O R L I N E O F C H A R A C T E R S T O A B U F F E R A N D I N T E R R U P T S T H E C P 
W H T C 1 T P E A D S ~ F R O M ' T H E B U F F E R T O ~ A P A C K I N G A R E A . S C O P E S A R E S O M E W H A T 
M O R E G E N E R A L . T H E I / O M A T E R I A L I S P L A C E D I N A B U F F E R F O R T H E S C O P E 
CONTROLLPR TO"DI SPL AY. MOST OF THIS MATERIAL HAS TO BE INTERPRETED 
AS COMMANDS TO THE SCOPE. MOST SCOPES ARE RANDOM SCAN TUBES. 

LLEALUL^THAT THE BEAM CAN MOVE EQUALLY EASILY TO ANYWHERE ON THE 
TUBE FACE AND FURTHER IMPLYING THAT ONL_Y TH__SE_JPĴ I_N|X_I .̂ J_I?_l_?-IJR_W___ 
MENTIONED WILL BE SCANNED. THIS IS IN CONTRAST TO A T E L E V T S I ON 
_WHERE EVERY POINT ON THE FACE SCANNED IN TURN. OUR SCOPES ONLY 
HAVE TWO LEVELS OF BRIGHTNESS, BUT SOME HAVE FIVE OR MORE, 
TELEVISION HAS A LARGE RANGE OF BRIGHTNESS AVAILABLE. THUS THE 1/ 
0 MATERIAL CONSISTS OF A SERIES OF COMMANDS TO THE BEAM TO MOVE TO 
A CERTAIN POINT, DRAW A_LJ__: TO ANOTHER POINT, NQW MOVE SOMEWHERE 
ELSE, NOW DISPLAY A CERT ALN CHARACTER AND SO ON. THERE MAY BE 

_S P EC I AL B ITS FOR B LANKING CERTAIN _EL E M E NT_ S, _AL_T E RIN G THE SIZ E_ 
ETC. ALSO THE SCOPES OUTPUT FUNCTION IS A REGENERATIVE PRO CESS 
AND WE HAVE T O INSTRUCT THE BEAM TO DO THE SAME SCAN SEVERAL TIMES 
A SECOND TO GIVE A CONTINUOUS DISPLAY. THUS A TYPICAL BLOCK 

_USUALLV OF WORDS OF _GRAPHI C •  
I/O MATERIAL IS SOMETHING LIKE THIS. 

A1 START SCANNING HERE MOVE TO XO,YO 
DRAW LINE TO XI ,YL 
DRAW LINE TO X2,Y2 
MOVE TO X3*Y3 
DRAW CHARACTER NO 32 
LOOP BACK TO AL WR - S^O^ETL^AWTTELIT INCE 'WAY OF SCANNING! THE DISPLAY MATERIAL 

IS SETUP AS RP LOCATABLE BLOCKS WITH TRANSFER COMMANDS WHICH MUST, 
W N I I T UP T O GIVE A L O O P AROUND WHICH THE SCOPE SCANNBR U F C R A T E S T 
TSF DISPLAY MATERIAL MUST B E IN ONE SP E C IAL REGION OF ADDRESSABLE 

http://_Q.MLP.UT
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G-20 CORE VIZ. /160000 TO /177777, THE_ADDR=SSES USE D_BY TH_E_ 
SCOPE SCANNER' ARE RELATIVE T"B"VL60 0 0 0 AND THE RE F"0 R E~R A N'_"E FROM" 0 

_TO_ /17 777. EACH OF THE THREE SCOPES CAN HAVE 6 PAQES AMD INDEED 
EACH PICTURE IN THE CORE IS A SEPARATE MODULE OF DISPLAY MATERIAL. 
T_HE__LAYOUT IS_ SOMETHING LIKE THISL _ 

AL "DELIMIT A2 PAGE1SCOPE I 
_D I SPL A Y_MA TER IJAL_ 
STORE COMMAND 

. A2 DELIMIT A2 PAGE 2 SCOPE 1 AND 3 
DISPLAY "MATE RI A L "" " " " " " " 

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

THE SCANNER ENTERS A M j O D U L E j ^ REMEMBERS_T_HE FIRST 4QRP, UNTIL IT 
HITS A" STORE "C0M"'M AND"/ THE N J U M P S ' " TO THE ADDRESS" MENT IOMEO IN" THE-' 

J"IRST WORD. FACH 0 I SPLA Y_ MODUL E CAN BE DISPLAYED 0^ ONE OF PAGES 
1'THROUGH4 ON ANY COMBINATION OF SCOPES 1,2, AMD 3." THE DISPLAY 

_MATERIAL _CAN BE CHANGED BY A PROGRAM FREELY ALTHOUGH ONE S HOULD 
ALWAYS PRESENT A WELL-FORMED D I SPLAY TO THE SCANNER. " INPUT OR 
CORRECTION OF DISPLAY MATERJAL FROM_THJ HUMAN _A_T TH£ SCODE CAN 9E 
ACHIEVED" U S I N Q THE K E Y B O a " R~B" OR RAND TABLET. THE INPUT 0 7 R ITS 
into the addressble memory is done by the scanner_as it scans 
round, one of the advantages of the modular layout isthat new 
material is simply appended to the end of the appropriate module 
and The sto re command movedDown, the scanned will kee°adding"" 

_new__mate_rial as_requested u_ n t r it hits against the nexj deljmit 
at which time it will generate a memory f ull i nt err up t, m~ot i fy i mg 
jhe scope monitor, and will refuse to enter amy more, i nput 
actually" w i l l b e placed in any display module designated as 
ENAB_LED_FOR THa T SCOPE AND THAT INPUT DE_VICE. THE DESIGNATION IS 
BY MEANS OF CERTAIN BITS IN T HE DELIMIT WORD. THERE IS ONE 31T TO" 
ENABLE THE MODULE FOR ALL_ENTR_Y, VECTORS_AND CHARACTERS FROM ANY 
OF THE SCOPES "DESIGNATED", "AND TWO" OTHER B I TS! "FOR THE" K"E Y"3"0" A ~RD"S~ 
F0R_ THE_PAJ^T I CUÎ R_SCOPE . THE_ FULL DEL IM I T COMMAND IS _ 

1 2> 0 A SCOPE DELIMIT 
10 1 « 1 B 2 2-1 0 

THE PAGE FIELD IS 2 BITS,SO CAN BE 0=4,1,2,3, A INDICATES 
ALTER N A T E MOD E - U S UAL L Y 0 N L Y USED BY S C 0 P E""' M 0 N I T OR."= I S T H E 
GENERAL ENABLE BIT. KEY IS 2 BITS ONE F OR EACH KEYBOARD. FOUR 
CONSOLES ARE PROVIDED FORBUT ONLY 3 INSTALLED.:IF SEVER AL 
MODULES ARE ENABLED FOR T HE_ SAME DEVICE^ THE INPUT MATE3IAL_W JLL_ 
BE ENTERED IN" ALL OF THEM. "THE NORMAL USER NEVER SEES OR HAS TO 
BOTHER WITH THE DELIMIT, STORE OR CYCLE COMMANDS, TH~ESE ARE 
MANAGED FOR HIM BY THE B ROUTINES. IT IS ARRANGED ASA SETOF 
STRINGS,EITHER CHARACTER STRINGS OR VECTOR STRINGS WITH A HEADER 
COMMAND AT THP FRONT TO INDICATE THE STARTING POINT ON THE SCREEN. 
THUS A_ DISPLAY OF LINES AND CHARACTERS I S J . IJ< E _T HJ_S 

""""~""""header""yo X B " 
VECTOR INCREMENT YJ. XI 
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VECTOR INCREMENT Y2 X2 
HEADER Y3 X3 
CHARACTERS CI C2 C3_ 
CHARACTERS C4 C5 C6 
STORE 

THE ACTUAL FORM OF THESE WORDS IS AS FOLLOWS 

1 1 l<L„6LEVAN I Y„ Header 
10 0 

1 a 0 T B AY A X VecroiL 
XnC«N£NT 21 11 7.0. *-< 

a.0 n 10 1 0 

_LY» SX ARE SIGN SITS. B IS THE BLANK ING BIT, IF SET THE VECTOR 
INCREMENT IS INV ISIBLE. T IS THE TAG BIT, IF SET THEN WILL BLINK 
OR INTENSIFY IF BLINK OR INTEN SIFY SWITCHES ARE SET. 

10 C i T| £1 C2 ft C3 <3 
3l 3« a Zo 11 \% 11 10 f * 1 O IS TAG BIT,S IS 

CHARACTERS ARE 
MANUAL. IN A 

SCOPE 
ALGOL-20 

SIZE BIT , 
CHARACTER 

A 

I_F SET CHARACT !R IS D0U3LE SIZE. 
AS GIVEN IN THE'HARDWARE 

WAY TO SET UP THESE WORDS IS SOMETHING 
LIKE 

HEADER «• 8L3 + YO * 8R 4000 • XO) 
VECTINC 8L120 + SY • 2t23 + 

• • T • 2*21 • B*2t20 
SX#2t22 

+ DELX*2ti0 + DELXl 
CHARS 8L2 • <C1 » 4 + Tl*2 + Sl> 

#2t20 
• <C2*4 +T2»2 +S2) #2tlO 
*• (C3*4 +T3#2+53>> 

SUCH MATERIAL SHOULD BE PACKED INTO AN ALGOL LOGIC ARRAY IN NORMAL 
CALLED "To MOVE IT TO A"DESIGNATED PAGE INHHTE CORE AND~THEN 93 

DISPLAY AREA. OTHER SCOPE OPERA TIONS AVAILABLE ARE 

3 0 
31 

8 X LEFr 

"7 0 8 X 
31 1+ So 1 

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

s~ 0 c COMMA-

3l ~ 1 



THIS SETS A_ ^OMPA_RE_JR.AP. O.N A CERTAIN CHARACTER KEYBOARD END I NIG 
AFTER THIS WORD IN THIS MODULE. IF THIS CHARACTER IS TYPED IN. IT 
IS ENTERED • INI .THE MODULE AND AND INTERRUPT IS GENERATED 9Y THE 
SCANNER. THIS TS PROCESSED BY THE SCOPE MONITO R AND CAN 3E PASSED 
TO A USER PROGRAM ENTRY POINT IF DESIRED. 

0 I No-op 

11 To­ l l 

NO-OP___HAS NO EFFECT ON THE SCANNER, CAN BE USED FOR KEEPING 
INFORMATION ABOUT TH E PICTURE WITH THE PICTURE FOR CONVIENT 

_PROCESSLNG,_ NOTE THAT__DOUB_L.E SIZE CHARA CTERS ARE OBTAINED 3Y 
SETTING THE S_I7E BIT, BUT SUBSCRIPT SIZE CHARACTERS BY IMC LUDIMG 
_THE__ SUBSCRIPT SHIFT CHARACTER _IN THE^STRING. A N EXAjPLE OF A 
PROGRAM SEG MENT IN ALGOL-20 FOR DISPLAYING A SQUARE SIDE 100 
S J A R I I N G _ AT <?00.500). _ _ 

LOGIC ARRAY Ati:201} 
A.CJL JjtH E A D ER. (20_n,_5.n0.)_| 
AC2]*-VECTOR(100.0»0)) 
A [ 31 •• VECJOR ( 0 ,10 0, 0)1 
At4)«-VECTOR(-100,0,0>» 
A C5I <-VECTOR( 0 ,-100.0); __ 
B(3.L0C(Atll, PAGE. 0.0.0)) 

TO ALSO PUT THE WORD 1SOUARE' AT (200.300) 
TO THE SCOPE CHARACTER CONVENTIONS 

Ctll*-»SGUA» ) 
CI2]-'RE • ; 
B( Q«LOC(CEli >. L0C(A^7J l.__6,0.J))J 
A I ft J *-HEADER ( 200 , 300 ); 
B(3. L0Cil(6] )̂ JLA<3E._0,_0)J 

USING THE SCOPE ALGOL LIBRARY, ONE 
GENERALITY _IN_ SETTIN G UP A DISPLAY, 

WE CAM USE 30 J O CONVERT 

ACHIEVED BY 

DOESN'T 
THE SAM: 

HAVE TO 
DISPLAY 

USE THIS 
COULD 3E 

BUT 
AND 

WOULD 
VECTOR 

LINE(?00.500.300,50Q); 
LINE(300,500, 3 00, 400 )) " 
-LINE (_3 00,4 0 0, 3 00,400 )j 
LINE (?00, 40 0 ,300 ,"50 0 ))' 
A Cl3«-«SQUA ' ) 
A(23"'RE ' ) 
B(2,L0C(All!).2.200.300.PAGF) ) 
BE MORE WASTEFUL. AS EACH CALL 
INCREMENT WORD. 

OF LINE P R O D U C E S A N E A D E R 
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6_. WRITING INTERACTIVE P R O G R A M S . 

A. THE B ROUTINES 

ALL INTERACTION BETWEEN PROGRAM AND" " T« = "S^O^ES IS 
AC C O M P L I S H E D BY USING THE B R O U T I N E S . THE B ROUTINES ARE ACCESSED  
THROUGH A SPECIAL INTERFACING R O U T I N E . THESE MECHANISMS NEED NEVER 
BOTHER THE AVERAGE USER* _ I F _ H E SJ_P_.Y_USES J H E C O P J E S O p THE_B 

"ROUTINES" IN THE SCOP~E SUBPROGRAM LIBRARY (SECTION 7 ) . "THUS IN 
ALGOL"gQ OR FORMULA A_LGOL_ONE SIMPLY_WR I TE_S_|_ 

8 ( B N U M , A R G 1 » A R G 2 , A R G 3 , A R G 4 , A R Q > » ) | A N D I N S P U E 

B BNUM, ARGl> ARQ2, BNUM IS THE NUMBER OF THE 3 ROUTINE 
REQUIRED. NOT ALL ARGUMENTS ARE USED FOR ALL B ROUTINES. MOST OF 
THEM HAVE TO DO WITH PASSING INFORMATION FROM THE PROGRAM TO THE 
SCOPES, BUT A FEW GO THE OTHER WAY) E .G. . 88, WHICH RTADS THE 
ANALOG KNOB_S___IN THE _DESCR I PT I ON J)F THE_B ROUTINES, ARG1. ETC . 
ARE" DENOTED" BY R52~ ETC. IT IS TO BE NOTED THAT "THE VALUES "OF THE" 
ARGUMENTS ARE CHANGED BY A CALL ON A 8 R_OU_TINE._ AND THIS CAN LEAD 
TO HAVOC) E .G. , CALLING 88 WITH ZEROS FOR ARGUMENTS 4 AND 5 WILL 
CAUSE THE ALGOL CONSTANT 0 TO BE REPLACED BY ANOTHER VALUE. TO 
AVOID THIS ONE CAN USE A GLOBAL BOOLEAN VARIABLE OUT. IR~OUT IS 
FALSE, THEN NO OUTPUTOF VALUES WJLL_OCCUR, AND NQ OVERWRITING 
WILL OCCUR. IF OUT IS TRUE, OUTPUT WILL OCCUR, AND, I TTHLS CA~ST7~ 

_ONE_ CAN PUT SOME DUMMY ARGUMENTS IN THE PARAMETER LIST, IF THE 
LOCATION OF SOME DATA IN AN ARRAY OR SCALAR I DFNTTTTEX^TJS_^N^ETJ1^7~ 

_P_NE MUST USE LIBRARY INTEGER PROCEDURE LOC IN ALGOL OR FORML, 
WHICH FINDS THE ADDRESS WHERETHE ACTUAL VALUES ARE~TTD~RTD~; THUS 
LOC (A 11}) IS THE ADDRESS CONTAINING THE VALUE OF A F D . LOC IS IN 
THE SCOPE LIBRARY FOR ALGOL OR FORML." IF YOU N E E D" TH E'TO'S AT 10 N" "0 F' 

_A_ PROCEDURE ENTRY _PO__NT _0R LA8EL, YOU USE THE LIBRARY INTEGER 
PROCEDURES PROCLOC OR LABELLOC RESPECTIVELY IN ALSOL-20. ALL THE" 
ARGUMENTS TO 9 ARE INTEGERS. IF AN ERROR OCCURS ON CALLING B DUE 
T O 1NCORRFCT APTGWEWS", B WILL PRINT AN ERROR KHSSTBe AND SsT 
BNUM= -1 THE REASONS FOR ERRORS ARE DESCRIBED IN DETAlL_IN THE 
D E S C R I P T I O N " OF THE 3 R O U T I N E S I N SECTION 6. THE DETAILS OF THE 
INTERFACE ARE GIVEN I-N SECTION 10. _IN ADD IT ION. AND OM A HIGHER 

"LEVEL THAN THF B ROUT INES, ' THERE ARE SEVERAL USE?UL S U B P R O G R A M S ^ N 
_ _ V f c | _ I MAIM inc D H U U i i n c ^ i r r . , w w 

.ALGOL, FORM]; AND SPITE IN THE LIBRARY FOR DOING HIGHER L F V P L 
T A S K S . FOR EXAMPLE, PR0 C £ DU R E NUM (X, V, NYN^~NX"TTTP~A~~REA"L 
VARIABLE N AND DISPLAY IT AT X,Y IN -5D.3Z (OR --8.3) FORMAT. THE 
FULL I/O F A C I L I T I E S OF A L G O L - 2 0 C A N BE USED IN READING FROM AND 
•PRINTING' TO THE DISPLAY P A G E . THIS IS SIMPLY ACHIEVED JSlNG THE 
SCOPE LIBRARY P R O C E D U R E S READ.PAGE AND PRINT". "ON ."'PA 0 6 ,WHlCH ARF 
JEXACTLY _ A N A L O G O U S TO R E A D ( < W > ) AND P R I N T ( < W > ) , E.G. R p A D , P A G E 
READS A CARD FROM THE SCOPE F A C E INTO A BUFFER -; 17HTCR""~CAT^TREN~9"E~ 
READ IN THE USUAL WAY WITH A READ S T A T E M E N T . AT PRESENT, A PROGRAM 
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CAN ONLY INTERACT WITH THE SCOPES IF IT HAS BEEN SUBMITTED FROM A 
SCOPE AND IF THE JOBCARD USER IS LOGGED IN ON THAT SCOPE, AT THE 
TERMINATION OF_ A USER PROGRAM .CONTROL_GOES_ TO JJ\ AND THENCE BACK 
TO SCOPE" MONITOR TO ALLOW IT TO UNSET ALL THE SWITCHES SET BY THE 
PROGRAM, HENCE THE USER SHOULD NOT PATCH 10. 

BEFORE INTERACTION CAN OCCUR THE PROGRAM MUST ANNOUNCE ITSELF 
BY C A L L J N G . B - 1 , 

T 0 DISPLAY TEXT, ONE'S P R O G R A M W I L L NORMALLY SET I T U P IN 
_G-20 CHA_RACTE_RS, SO O N E . HAS TO CONVERT TO SCOPE CHARACTERS AND 
MOVE IT TO THE SCOPE DISPLAY REGION. 

B 0_ AND_R 1 WILL CONVERT TEXT BETWEEN G-20 CHARACTER SET AND 
SCOPE CHARACTER SET. ' 

B__ 2 _ CONVERTS TEXT AND MOVES IT TO DISPLAY REGION) IN ONE 
O P E R A T I O N . 

B 3 MOVES A REGION ALREADY IN SCOPE FORMAT TO THE DISPLAY 
REGION. 

TO DISPLAY V E C T O R S , ONE MUST SET THEM UP IN A LOGIC ARRAY AND 
USE B 3. "ONE CAN EASILY SET UP A DESIRED LOGIC ARRAY USING 
P R O C E D U R E S HEADER, VECTOR, LINE, CURVE, E T C . B15, B16, 9 1 7 , B18 

ONE MUST RESERVE SPACE IN THE DISPLAY AREA BY'CALLING B 1 5 | 
THE PAGE D O E S j M O T NEED TO BE ENABLED_FOR_ THE PROGRAM TO ENTER 
D I S P L A Y M A T E R I A L BUT NEEDS TO BE ENABLED FOR THE HUMAN USER TO 
ENTER PISPLAY M A T E R I A L .  

B16, 8 1 7 , " 3i8 ENABLE, " D I S E N A B L E AND DELETE A PAGE 
R E S P E C T I V E L Y . 

819 APPENDS ONE PAGE TO ANOTHER 

B2Q D I S E N A B L E S ALL P A G E S . 

B"2 A N D 93 A C T U A L L Y A P P E N D NEW D I S P L A Y T O T I T R T A T T"0 T H E 

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



__B28_CLEAR<5 A PAGE. 84 AND B5 PERFORM RECIPROCAL OPERATIONS TO 
82 AND B3 IN COPYING DISPLAY MATERIAL FROM A GIVENPAGE INTOA 
G_n/EN_ARRAY_IN THE USER PROGRAM, 

B 4 CONVERTS ALL TEXT TO Q-21 CHARACf E T T ~ S T T AND IG N 0 R~ET"lUJ7 
VECTORS. THE ARRAY COULD THEN BE PRINTED OUT IN A FORMAT, 

B5 COPIES WITHOUT CONVERSION,A PROGRAM CAN ONLY DEDUCE 
INFORMATION ABOUT THE PI SPLAY BY COPYING IT INTO AN ARRAY AND 
SEARCHING THE AREA FOR FEATURES LIKE KEYWORDS, 

86, 87. B8. 810. 911 PROVIDE COMMUNICATION WITH THE CURSOR, ANALOG 
KNOBS AND USER STATE SWITCHES, 

Bft READS THE CURSORV 

B7 SETS THE CURSOR, 

Be READS" THE ANALOG KNOBS AND STATE 

SWITCHES, 

BiO READS "THE STATE "SWITCHES ONLY, 

Bll SETS THE STATE SWITCHES, 
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B . USER INTERRUPTS 

_<I) B12,Bl3,822,B24 ARE FOR COMPARE INTERRUPTS, 813 DEFINES 
THE USER ENTRY POINT TOBE ENTERED WHENA COMPAREINTERRUPT OCCURS 
ON ANY CHARACTER. THIS OCCURS IN ANY STATE OF THE SCOPE MONITOR, 
EXCEPT DURING TYPING INTO THE SCOPE MONITOR, WHICH USES A COMPARE 
CHARACTER. B12 SETS COMPARE INTERRUPT ON A SPECIFIED CHARACTER FOR 
A SPECIFIED PAGE. 822 RESETS THE COMPARE ROUTINE TO THE STANDARD 
SCOPE MONITOR ROUTINE. B2l REMOVES COMPARE ON A SPECIFIED 
CHARACTER ON A SPECIFIED PAGE. B24 SETSAN ENABLEDCURSORAND 
IJHERRU PT R 0 U TINE ON A SPE CIFIED CHARACTE R , 

( I I ) B14.B23 ARE FOR THE MEMORY FULL INTERRUPT, B 14 SETS THE 
USER ENTRY _°QI NT WHICH _IS ENTERED ON MEMORY "ULL. W RESETS 
MEMORY FULL ROUTINE TO THE STANDARD SCOPE MONITOR ROUTINE, 

< I IIJ _ B2JJ_. DEFINES _THE_ USER ENTRY PO I NT_ FOR THE _I NTERRU3T_ 
BUTTONS 1-15, AFTER 825 HAS BEEN EXECUTED AND PROVIDED THE SCOPE 
MONI TOR _I_S__IN _ USER MODE_, THE INTERRUPT BUTTONS WILL_CAUSF AN 
INTERRUPT IN THE USER PROGRAM AND FOR CONTROL TO BE PASSED TO THE 
SPECIFIE D_ P R OCEJDUR E OR E NTRY PC INT.  

INTERRUPTING USER PROGRAMS, 

ALGOL PROGRAMS 

IN AI_GOL-?0 THE ENTRY POINT OF_ A PROCEDURE OR THE LOCATION 3F_ 
" A LABEL CAN BF USED AS THE USER INTERRUPT ENTRY PO I \!T, THE CODE 

FOLLOWING Wl LL NORMAL LY_M A K E_ D E CISIO N S__A BOUT THE C 0 M PUTATION AND 
CAN BE CALLED "THE USER IN T E R RU P t S E R V ICE ROUTINE (UISR). A SIMPLE 

_WAY_TO_DEFI_NE THE INTERRUPTS AND ENTRY POINT IS: 
WH ~ ' LBL T3; 
WH___ CLA 0 TlJ 
AL V5*«ACC; 
AL BJ25, V5,ETC_)JL 
THE 'INTERRUPT" ENTRY POINT WOULD THEN OCCUR At THE BOTTOM OF THE 
PROGRAM AND BE 
WH Tl " ENT ; 
AL ETC 
THISCAN BE DONE SEPARATELY FOR INTERRUPTS FROM THE BUTTONS AND 

_FROM_ COMPARE CHARACTERS. THE E_NTRY_POINT IS TRANSFERED TO WITH A__ 
TRE "INSTRUCTIONSO THAT CONTROL W T LL" BE ON" IN ~THE~~U I SR "UNLESS THE 
FIRST INSTRUCTION AFTER THE ENTRY POINT IS 



SCOPES 38 

WH EXR 0 /77776,CEl  
IF YOU WISH TO RETURN TO THE INTERRUPTED C O M P U T A T I O N , YOU HAVF TO 
POP THE M AlN MO N_I TOR INTERRUPT STACK. THIS CAN BE DON E BY 
RETURNING THROUGH YOUR MARK( A PROCEDURE END IN A L G O L ) , SINCE THE 
SCOPE HON ITOR PUTS ITS OWN INTERRUPT ENTRY MARK IN THE USER 
INTERRUPT ENTRY P O I N T . IF CONTROL HAS WANDERED AROUND BEFORE THE 
DECISION TO RETURN TO THE INTERRUPTED C O M P U T A T I O N HAS BEEN MADE. 
YOU MAY EFFECT THE RETURN BY RETURNING TO THE SCOPE MONITOR! 
HOWEVER, THE_S WITOH-S WlLL BE UNSET BY THE CLOCK INTERRUPTS WHILE 
"IN THE UISR, SO WE PROVIDE A 8 ROUTINE (927) "TO SET UP THE 
S W I T C H E S CORRECTLY AND RETURN CONTROL_T0_THE__MAIM MONITOR. IF YOU 
WISH TO PASS CONTROL TO ANOTHER POINT IN THE PROGRAM, A GO TO 
STATEMENT WILL EFFECT ALL THE STACK PUSHING REQUIRED SO THAT THE 
VARIABLES ARE CORRECTLY R E D E F I N E D . 

PRINTING HAS TO BE CAREFULLY C O N T R O L L E D IN ALGOL PROGRAMS 
WHICH ALLOW INTERRUPTS. IF~AN INTERRUPT OCCURS DURING PRINTING AND 
THE UISR P R I N T S , THEN IT IS MORE OR LESS IMPOSSIBLE TO RETURN TO 
THE ORIGINAL LINE OF C O M P U T A T I O N , ONE CAN SAVE THE INTERRUPT PRINT 
LINE AND PRINT LINE POINTER BY  

LOGIC ARRAY A [ - 2 : 1 2 0 j ; TEMP.-I251I BUFFERSET< • »R1 NT », AC 0 J ) I 
AND RESTORE IT LATgR* HOWEVER, IF THE NAME AND PRINT STATEMENTS IN 
OPERATION HAVE BEEN C H A N G E D . ONE CANNOT RECOVER THEM, FF THE UISR 
PASSES CONTROL TO ANOTHER PART OF THE PROGRAM AND NEVER WISHES TQ 
CONTINUE AT THE INTERRUPTED POINT, THEN THE PRINTING WILL WORK OUT 
ALL RIGHT, SOME: SAFE RULES ARE (1) DON'T PRINT OUT IN THE UISR, 
(2) TURN OFF THE CONTROL SWITCH DURING PR I NT INGj BUT, AS 
D I S C U S S E D , THESE ARE NOT RIGID RULES,  

EXAMPLE OF INTERRUPT DEFINITION IN ALGOL 

I. USING A LA8EL 
BEGIN INTEGER E N P T , C S W , I N , S N ,CCl 

WH 
WH 

LBL T H 
CLA 0 Til 

AL ENPT-ACCI 
8 ( 2 5 , E N P T » L O C ( C S W ) , L O C ( I N ) , L O C ( S N ) ,LOC(CC))l 
LOOP t C O N T I N U O U S A C T I O N S X 1 GO TO LOOP! 

WH 
AL 

Tl 6NT 1 
1 

INTERRUPT ENTRY POINT 

WH 
<ACTIONS>l GO TO NEWACTIONl 

TRA 1 Til RETURN TO INTERRUPTED 

AL I 
COMPUTATION 

E N D ! 
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II. US ING A PROCEDURE 
BEGIN 
L I B R A R Y . P R O C E D U R E PROCLOCl _ _ „ 
P R O C E D U R E UISR) 

_ _ < A C 7 I 0 N S > ; GO TO NEWACTIONi _ _ _ 
END GOES BACK TO INTERRUPTED ACTION J 
B < 2 5 . P R 0 c L 0 n ( l J I S R ) , L 0 C ( C S W ) # L Q C ( I N ) , L 0 C ( S N ) , L 0 C ( C C ) )> 
<CONTINOUS ACTIONS> ) 
END; _ _ _ _ _ 

FORMULA ALGOL PROGRAMS 

_ FORMULA _ A L G O L C O M P I L E S _CODE_ WHICH IS HEAVILY DEPENDENT ON 
RUN-TIME R O U T I N E S . I F ANY RUN-TIME ROUTINE" IS INTERRUPTED BY THE 
_S C 0 P E MO N I J_0 R WH J CH T H E N _ C A L L S THE UISR _W H I_C H _ J N TURN CALLS THE 
INTERRUPTED RUN-TIME R O U T I N E , T H E N GLOBAL PARAMETERS<LIKE RETURN 
M A R K S , I N D E X R E G I S T E R S AND_ T E M P S ) ARE.SOON FORGOTTEN . _THERS_FORE THE_ 
ONLY CODE WHICH CAN BE USED WITHOUT DRASTIC SAFEGUARDS IN THE UISR 
IN. FORMULA ALGOL IS CODE WHICH DOES N O L CALL ON RUN-TI M_E_ ROUTJMES__ 
HOWEVER IF THE UISR AND THE CODE FOLLOWING THE CALL ON 325 ARE 
C O M P L E I E L V I NnEPENDEN T AN D_ DO NOT CALL_Q N THE SAM E ROUTINES THEN 
ONE HAS MORE FREEDOM. O P E ' r a T I O N S WHICH DO NOT USE THE RUN TIME 
R O U T I N E S INCLUDE_STORlNG_AND ACCESS ING_ OF S I M P L E _ V A R I A B L E S < B U T NOT 
ARRAY E L E M E N T S ) , A N D THE OPERATIONS + , - , * , / , « , * , I F THEN ELSE, 
_»IQN_ABStENT_I_Eg,_ AND _ GO TO(LOCAL_ BACKWARD TRANSFERS O N L Y ) . 
HOWEVER, WITH INTIMATE KNOWLEDGE OF FORMULA ALGOL AND A LISTING OF 
ITS RU N.r_TJLM_E_R OJJT I NE S___T H E E _ PER. IE N C E D_ U S E R _C A N BUILD HIS UISR SO 
THAT IT CAN CALL ON ANYTHING, THIS WOULD PROBABLY 8S: DONE 9Y 
WRITING_ S_MALL MACHINE CODE ROUT I N E S , _ CALLABLE O N L Y W I T H CONTROL 
OFF, WHICH WOULD SAVE AND RESTORE THE CONTENTS OF A L1ST 0F" 

J1A CHINE. L O C A T I O N S . THE UISR WOULD PROBABLY LOOK LIKE THlSi^ 

EXAMPLE OF 'fNTTRRUPf DEFINITION IN FORMULA ALGOL 

SN CDLC 0 

P R O C E D U R E IN TE RACT; BEG IN INTEGER .LOCISR J 

SN CMPL 07200 ERA 

SN CMPL 0050000000 ADD 

SN CMPL 1330 0110 0 0 ST I 

SN "CMPTT 1 3 3 7 7 0 0 0 0 1 STI 

NC READ NEXT COMMAND REGISTER 

5 NUMB ER OF IN T E R V E N "I N G C 0 MM A NO S" 

UISR SAVE LOCATION OF UISR 

LOCISR USED IN CALLING 325 



S C O P E S 4 0 

G O A R O U N D ? 

S N C M P L 0 U I S R E N T R Y P O I N T 

S N C M P L 0 7 6 0 0 6 7 7 7 6 E X R 0 / 7 7 7 7 7 - S 1 3 - S 0 I 
T U R N O F F C O N T R O L A N D H MOD 

S A V E S A V E V A R I A B L E S  S N C M P L 3 7 7 0 0 1 1 0 0 1 T R M 

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

S N C M P L 3 7 7 0 0 1 1 0 0 ? T R M R E S T O R E R E S T O R E V A R I A B L E S 

S N C M P L 6 3 7 0 0 1 1 0 0 0 T R E 3 U I S R G O B A C K T O M O N I T O R 

_AR'OUNDl If_ B ( 2 5 . L O C I S R . E T C ) _ T H E N P R I N T ( . C A N T - . I N T E R A C T ) )  
E N D I S T O I N T E R A C T ; 

T H E A B O V E C O D E J A N D _ P A R A G R A P H ^ N _ T _ H E _ I N T E R R U P T I O N O F F O R M U L A A L G O L 
P R O G R A M S I S 8Y~"RUb"Y K R U T A R WHO S H O U L D B E ~ C O N S U L T E D O N ALLf R E L A T E D 
M A T T E R S . I N F O R M L . T H E P R I N T R O U T I N E S A R E R E C U R S I V E A N D T H E I R 
V A R I A B L E S A R E I N T H E G E N E R A L C O M M U N A L R E C U R S I O N S T A C K , T H U S . I T 
S E E M S T H A T O N E C A N _ 0 N L Y _ P R I NT__If_X H_E_UI_SR_ J)OES N O T P R I N T A N D I F 
I T A L W A Y S R E T U R N S " 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 , O N E S H O T J L D N O T 
I N T E R R U P T D U R I N G C A L L S O N M A I N M O N I T O R R O U T I N E S . I F O N E I S G O I N G 
T O U S E T H E M T N T H E U I S R , A N D T H E N T R Y 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 . • 
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C. INTERACTION WITM MORE THAN ONE SCOPE 

TO INTERACT WITH A DIFFERENT SCOPE FROM TH= ONE SUBMITTED 
FROM, A PROGRAM SIMPLY USES THE B ROUTINES AS USUAL. BUT IN 
ADDITION SETS THE SCOPE NUMBER BY USING ALGOL PROCEDURE 
SETSCOPENUM(N) . IJ_D.0ES NOT NEED TO BE SET BEFORE EVSRYCALL 
OF A BPOUTINE. JUST ONCE. 
THUS, TO READ THE STATE SWITCHES ON SCOPE 2. ONE PERFORMS 
NSAVE-SCOPENUM, SETSCOPENUMC2); ZERO-0! OUT«-t RUE I " ~ ~ 

_B U 0 ,_ZJERO, S_TSW, DUM ,_DUM ,_DUM̂ )± _01LIT•• F ALSE J SETSC0PEMUM ( NS A VE ) ; 

NOTE WE SAVED THE NUMBER OF THE SUBMISSION SCOPE BY USING 
ROUTINE_SCOPENUM, SETSCOPENUM AND SCOPENUM MERELY SET AND 
READ INDEX REGISTER 51. '"" . 

_ ONE CAN THUS DO ALL THE USUAL INTERACTIONS WITH ANY OTHER 
SCOPE, HOWEVER ,TH<= B ROUTINE CALLS WILL ALL GIVE ERROR 
EXITS_UNLESS PERMISSION TO INTERACT_HAS BEEN GIVEN BY THE 
USER AT THE SCOPE TO BE INTERACTED WITH, BY US IN3~INTERRUPT 

_13 IN THE PROGRAM STATE. . 
USER INTERRUPTS FOR ANOTHER SCOPE ARE DEFINED BY USHG B?5. 
UPON̂ ANY USER _! NTERRUPT ,__THE SCO_PJ_NUMBER_ IS' PASSED TO TH=__USER 
PROGRAM. " • 

FJJNALLY_, 0NE_ CA_N DISPLAY _A_QI V_EN_PAGE ON MORE THAN ONE SCOPE, 
BY U S~I N G R 2 6 . f HI S~ "t A K E S PAR AM E T ER R 5 2, W HI CH ~ l" S THE 
BIT PATTERN AT THE END OF THE DELIMIT CONSISTING OF 4 BITS 
FOR SCOPES 3» ? , 1 AND 4 RESPECT IVELY,SN CORRESPONDING TO SCOPE N. 
THUS IF A PROGRAM WANTED TO DISPLAY A PAGE ON THE SUBMISSION 
SCOPE AND ANOTHER SCOPE N, IT WOULD DO SOMETHING LIKE THIS 
N14-SC0 P E N U M ; _9 t TP A Tj- 21N1 v g t N I B(2 6.PA G E_±R I T PAJ_» 0 , 0_.JL>J 

OF COURSE, IF PERMISSION HAS NOT BEEN GIVEN, IT 
WILL NOT D I SPLAY, _ 
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4 3 

7 . D E S C R I P T I O N ! O F T H E 8 R OJ T l_NEJS_s_ 

B-l A N N 0 U N c E A N O N L I N E U S E R 
P A R A M E T E R S I U S A G E N U M B E R F R O M L O G - I N _ 

O U T P U T : R 5 1 : 

JMQR_LEJ 
S C O P E N U M B E R 

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

_ O R _ _ ^ ( I D N O T L O G G E D I N _ 
P E R M I T S A P R O G R A M T O I N T E R A C T W I T H S C O P E M O N I T O R , U S E R 
S H O U L D . N O T P A T C H 1 0 . D O N O T C A L L B < - 1 ) T W I C E I N T H E S A M E 

R U N 

_BJ C O N V E R T S G 2 1 . . C H A R A C T E R S T R I N G S P A C K E D 

4 P E R W O R D INf6 S C O P E S T R I N G S P A C K E D " 

_ _ — I N D I S P L A Y _ F O R M A T 
P A R A M E T E R S I R 5 2 « - L 0 C A T I O N O F F I R S T 

W O R D O F G 2 1 T E X T , 
R 5 3 . - L 0 C A T I 0 N T O R E C E I V E F I R S T W O R D 

O F T H E C O N V E R T E D T E X T B L O C K . 

O U T P U T ! 
E R R O R I F ? 

T H I S A D D R E S S M U S T B E I N U S E R C O R E . 
R 5 4 . - N U M B E R O F C H A R A C T E R S T O C O N V E R T , 

N O N E 
RJ53 O U T . O F B O U N D S . 

_ B 1 C O N V E R T S S C O P E C H A R A C T E R S T R I N G S 

P A C K E D I N D I S P L A Y F O R M A T I N T O G 2 1 
C H A R A C T E R S J > A C K E D „ 4 „ P E R _ W 0 R D , 
P A R A M E T E R S ! R 5 2 . - 8 A S E O F S C O P E S T R I N G , 

R 5 3 . " L 0 C A T I 0 N _ T 0 _ R E C E I V E F I R S T 
W O R D O F T H E G 2 1 S T R I N G , 
T H I S A D D R E S S M U S T B E I N 

O U T P U T ! 

E R R O R I F ! 

U S E R C O R E , 
R 5 4 . - L E N G T H O F S C O P E S T R I N G 

I N W O R D ' S . 
N O N E 
R 5 3 O U T O F B O U N D S . 

8 2 C O N V E R T T E X T A N D A P P E N D T O P A G E 
N AT_ P O S I T I O N ( X » Y ) , 
P A R A M E T E R S ! R 5 2 * R A S E O F G 2 1 T E X T 

_ P A C K E D F O R 4 P E R W O R D . 
R 5 3 « " L E N G T H O F T E X T I N W O R D S . 

R 5 5 * Y 
R 5 6 . - 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 ) P A G E A L R E A D Y F U L L 

( I I ) S T R I N G T O O L O N G . 
D I S P L A Y S T E X T _ _ 0 N S C O P E F _ A C E . _ O N E M U S T H A _ V E _ R £ 0 U E S ! T E D _ 

" A V A I L A B L E ' ' " ' " S ^ A C E " F W " T ' H F P A G E I N Q U E S T I O N I N A D V A N C E O F 
C A L L I N G 9 2 . 
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B 3 A P P E N D A L O G I ' C B L O C K O F 
( A L R E A D Y C O N V E R T E D ) D I S P L A Y '_ 
M A T E R I A L T O P A G E N . 

_P_A R A M E T E R S ! R 5 2 * B A S E _ O F _ B L 0 CK_ 
T O B E M O V E D . 

R 5 3 » 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 ) N Q S T O R E I N P A G E . 

O R ( I I ) A T T E M P T T O O V E R L A Y 
A D E L I M I T . 

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

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

~B4 M O V E P A G E N T O U S E R C O R E , C O N V E R T I N G ~ ~ 
A L L S C O P E C H A R A C T E R S .  
P A R A M E T E R S ! R 5 2 . - P . A G E N U M B E R . 

R 5 3 - L 0 C A T I 0 N I N U S E R C O R E T O 
R E C E I V E C O N V E R T E D T E X T . 

_ O U T P U T ! N O N E . 
E R R O R I F J ( I ) R 5 3 O U T O F B O U N D S . 

( I I ) P A G E H A S N O B L O C K S .  
T E X T I S E N T F R E D I N T O U S E R M E M O R Y . N O T E T H A T O N L Y G 2 1 
C H A R A C T E R S A R E C O N V E R T E D A N D A L L E L S E I S I G N O R E D I N T H E 
C O N V E R S I O N P R O C E S S . N 0 N - G 2 1 C H A R A C T E R S A R E C O N V E R T E D T O 
B L A N K S A N D V E C T O R S A R E 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 _WHJ C H _ T H E _ B L O C K 

- W I L L B E M O V E D . " " 
O U T P U T } N O N E .  
E R R O R I F } ( T ) 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 D T O A C C E P T T H E F U L L P A G E . 

B6 READ THE CURSOR. ;  

PARAMETERS! NONE 
OUTPUT i R52^X 

. R 5 3 « - Y 
THE POSITI ON OF THE _CURS_OR IS OBTAINED FROM THE POSITION 
W O R D I N T H E H-MODULE. 

B 7 S E T T H E C U R S O R . 
P A R A M E T E R S ! R 5 2 . - X 
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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 ) . 

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

P _ A R A M E . I E . R S J N O N E . , 
O U T P U T : R 5 2 . - K N 0 B 1 

R 5 3 . - K N 0 R 2 _ _ 
R 5 4 . - U S 6 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 ( 0 ) M O D E , 

G 6 T S _ _ T H £ _ P O S I T I O N S O F 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 . 

N O T Y E T S P E C I F I E D , 

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 } R 5 2 * - A L T ( 1 ) O R N Q R M A L ( l ) M O D E . 
O U T P U T . R 5 3 « - S T A T E W O R D . 

S E T 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 »_ R 5 2 * * D E S I R E D S 6 T T I NG_ 
O F S T A T E W O R D . 

O U T P U T } N O N E . 
L O A D S R 5 2 I N T O T H E S T A T E W O R D . 

S E T C O M P A R E O N " C H A R A C T E R 7 

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 O _ P A R E _ O J L . 

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 I ) 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 Q P E 
C H A R A C T E R . = . 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 E 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 , 

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 J _ _ R 5 5 » C 0 M P A R E C H A R 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 D 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 

http://P_ARAME.IE.RSJ
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B14 SET MEMORY FULL R O U T I N E . 
PARAMETERSl R56.-ADDRESS OR USER 

R O U T I N E . 
OUTPUT t NONE. 
ERROR IF J R56 OUT OF B O U N D S . 
SETS USER ROUTINE TO BE EXECUTED WHEN A MEMORY FULL 
INTERRUPT 1'S GENE RATED. NOTE THAT THIS ROUTINE MAY BE 
EXECUTED AT ANY TIME. 

B15 GET N B L O C K S FOR PAGE M. 
PARAMETERS I R52*PA~QE NUMBER 

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

B16 ENABLE PAGE N. 
PARAMETERSl R52<-PAQE NUMBER. 
O U T P U T : N O N E . 
ERROR IF1 ILLEGAL PAGE NUMBER. 

B17 DISENABLE PAGE N 
P A R A M E T E R S ! R52*«PAGE NUMBER. 
O U T P U T : NONE. 

"ETRRORTITI ILLEGAL PAGE NUMBER. 

B18 DELETE PAGE N, 
PARAMETERSl R52*-PAGE NUMBER 
O U T P U T : NONE. 
ERROR IF: ILLEGAL PAGE NUMBER.  
" T A M E ~ ~ T S TASK f'N OPT I ON S T A T E . PAGE IS RETURNED TO 
AVAILABLE SPACE AND INFORMATION IS L O S T . 

B19 APPEND PAGE N TO PAGE M. 
T A R A M E T E R S l R52*PAGE NUMBER N. 

__R53«"PAGE NUMBER M. 
"OUTPUT: NONE, 
ERROR IF: ILLEGAL PAGE NUMBFR. 
TAME TASK AS IN "0>"TTON - sTXtE. 

820 DISENABLE ALL INPUT FROM THIS 
S C O P E . 
PARAMETERS! N O N E . 
O U T P U T : NONE 
DISENABLES ALL PAGES FOR THE GIVEN S C O P E . 

B21 REMOVE COMPARE ON CHARACTER 
ON PAGE N. 
PARAMETERS I R54*CHARACTER TO" 

COMPARE ON. 
R55*PAGE NUMBER. 

O U T P U T : NONE. 
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ERROR IF: ILLEGAL PAGE_ NJJMRER . 
"SEARCHES THE PAGE FOR AN OCCURENCE OF A COMPARE COMMA NO 

' _ ON THE SPECIFIED CHARACTER AND IF FOUND, CO.NVERTS IT T0 A 
STORE COMMAND. 

822 RESET COMPARE R O U T I N E , " 
PARAMETERS J NONE . 
O U T P U T : N O N E . 

_ _ RESETS THE STANDARD MONITOR _ _ _ _ 
R O U T I N E FOR THE COMPARE R O U T I N E . 

823 RESET MEMORY FULL 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 : __NONE. 
RESETS THE STANDARD MONITOR ROUTINE FOR THE MEMORY F U L L ' 
R O U T I N E . _ . _ ___ 

824 SET ENABLED CURSOR. AND INTERRUPT 
ON CHARACTER. 
PARAMETER^ : _ R52*J$ 

R53.-Y 
RI54.-CHARACTER FOR COMPARE , 
R55.-PAGE NUMBER, 

_ 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 . 
ERROR_l£j ( I ) ILLEGAL_ PAGE _N_UMBER 

(II) NO ROOM LEFT ON PAGE, 
(III) DELIMIT FOLLOWS STORE, _ 

OR (IV) R56 OUT OF B O U N D S . 
THIS ROUTINE DIRECTLY CALLS B 7 , B 1 2 , 313,_AND 3l_6. I I 
ENABLES THE PAGE, POSITIONS" THE CURSOR AT (X, Y ) , SEtS A 
COMPA_RE _ O N _THE SPECIFIED CHAR ACTED AND SETS THE COMPARE 
R O U T I N E . TO OBTAIN THE CHARACTER WHICH CAUSED THE 
INTERRUPT,813 SHOULD HE ALSO _ C A L L E D . PASS I NQ_ __THE 
IDENTIFIER IN WHICH THIS INFORMATION SHOULD BE P U T , A L S O " 
TO OBTAIN THE S C O P E N U M B E R , A N D TO USE A CONTROL SWITCH,B25 
SHOUID RE CALLED AS WELL. " " 

B25 bEFTNT'USER~lWETRUPTsT 
P A R A M E T E R S : R52»-USER ENTRY P O I N T . 

Rh"3«-USER CONTROL SWITCH, 
R54.-INTERRUPT NUMBER. 
R55^SC0PE NUMBER. " " 
P56.-C0MPARE C H A R A C T E R . 

O U T P U T : NONE. 
ERROR IF: USER ENTRY POINT DOES 

NOT LIE IN USER CORE. 
IN USER MODE, CONTROL IS PASSED TO THE USER ENTRY POINT, 
AND THE INTERRUPT NUMBER, THE SCOPE NUMBER.. OF T^E SCO°E 
WHICH INTERRUPTED, AND _ T H E _ C O M P A R E CHARACTER . I F THIS 
APPLIES." "ARE PL A CED I N~ TH E" L 0 C A TIONS"" SE f A S I D E F'O R~f H EM™ 
IN THE USER PROGRAM, THESE LOCATIONS ARE DECLARED IN R54, 
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R 5 5 , R 5 6 W H E N U S | _ N G _ B 2 5 T H E U S E R _ C 0 N T R 0 L SW I T S H A L L Q W S 
T H E U S E R P R O G R A M T O D E C L A R E I T S E L F T N T E R R U P T A B L F " A S 
D E S I R E D . _ I F I T J S N O T E Q U A L T O Z E R O W H E N T H E I N T E R P U P T 
O C C U R S , T H E S C O P E M O N I T O R D O E S N O T P A S S C O N T R O L 3 U T K E E P S 

_ _ L 0 0 K I N G O N C E A S E C O N D U N T I L J H E V A L U F _ O F T H E _ S W ] T C H I S 
Z E R O . A S E C O N D I N T E R R U P T D U R I N G T H I S T I M E W I L L G I V E 
M U L T I P L E I N J J E R R U P T E R R O R A N D B E I G N O R E D . B U T T H E F I R S T 
O N E W I L L S T I L L B E P R O C E S S E D C O R R E C T L Y . 

B 2 6 S E T C R T F I E L F L O N P A G E N . 
P A R A M E T E R S I R 5 2 « - N "" 

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

O U J J M J T J N O N E .  
T H I S R O U T I N E A L L O W S T H E U S E R P R O G R A M T O D I S P L A Y O N M O R E 
T H A N O N E S C O P E T H E T 2 2 T A B L E I_N T H E S C O P E M O N I T O R H A S 
B I T P A T T E R N S F O R E A C H S C O P E I N D I C A T I N G T H A T T H E H U M A N H A S 
A L L O A E D _ I_N T E R A C I 1 0 N _W I T H _ P R O G R A M S F R O M 0 T H E R__S C O P E S , _ T H E 
N O R M A L E N T R I E S A R E Si, $ 2 , A N D $ 3 . R E S P E C T I V E L Y " , I F S C O P E 
2__ A L L O W E D I N T E R A C T I O N W I T H P R O G R A M " R O M S C O P E 1 , I T S 
E N T R Y W O U L D B E C H A N G E D T O S I + $ 2 , T H E U S E R P R O G R A M 
I N D I C A T E S _ J L T S D E S I R E T O D I S P L A Y I N B O T H S C O P E S U S I N G B 2 6 
A N D P A S S I N G T H E L I S T P A T T E R N $ 1 + $ 2 . T H E U S E R P R O G R A M C A N 
O N L Y D I S P L A Y ON_ T H O S E _ _ S C O P E S F O R W H J C H _ P E R M _ I S S I O N _ H A S 
B E E N G I V E N , S I N C E T H E B I T P A T T E R N I S E X T R A C T E D W I T H T H E 
E N T R Y I N T H E T 2 2 T A B _ L E . T H E E X T R A C T E D P A T T E R N B E C O M E S T H E 

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

P A G E S . '_ 

8 2 7 RETURN TO INTERRUPTED COMPUTATION.  
PARAMETERS« NONE. 
OUTPUT: NONE.  

"USE IN THE USER INTERRUPT SERVICE ROUTINETO CONTINUE THE 
INTERRUPTED COMPUTATION. IF YOU WISH TO CHANGE TO A 
DIFFERENT LINE OF "COMPUTATI ON, USE A GO TO STATEMENT. 

B 2 8 C L E A R A P A G E . 
PARA_M_ETJ[RSJ _ R 5 2 ^ P A G E N U M B E R .  
O U T P U T } " N O N E . 
E R R O R I F S I L L E G A L P A G E N U M B E R . _ 

I N S E R T S A S T O R E C 0 MM A N D A F T E R T H E ' D E L I M I T O N " P A G = ~ N . N O T E 
T H A T A T T E M P T I N G T O C L E A R A P A G E O F Z E R O L E N G T H W I L L 7 E R 0 

A D E L I M I T A N D P E R H A P S D E S T R O Y I N F O R M A'T'I 0 " N . 

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

8 2 9 M O V E PAGE_N_X° F I L E M . 
P A R A M E T E R S 8 R\b 2 - N 

R 5 3 * M 
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B30 
OUTPUT 1 
MOVE 
L TO 

NONE. 
LOGIC BLOCK 
FILE.M. 

BASE N LENGTH 

PARAMETERS! R52*N 
R53*L 
R54.-M 

OUTPUT : NONE 
B31 MOVE FILE M TO PAGE 

PARAMETERS«_ . R52.-M 
R53«-N 

OUTPUT: NONE. 

B32 MOVE FJ[LE M TO LOCA 
PARAMETERS! R52«-M 

R534-N 
OUTPUT! NONE. 

B33 READ IN A 3- DIGIT I 
AT [X, Y] , 
ERROR IF : ILLEG 
PARAMETERS: R52«-X 

R53«-Y 

B34 READ IN A STRING OF 
AT [X,Y) . 
PARAMETERS! R52.-X 

R53.-Y 

ILLEGAL PAGE NUMBER. 

B40 GETS SCOPE MAN NUMBER, 
GIVEN Q-?0 MAN NUMBER, 
PARAMETERS! 
OUTPUTS: 

R52-G-20 MAN NUMBER. 
.R53^SC0PE MAN NUMBER. 

BA1_ GET_S_COPE MONITOR SYMBOL N. 
PARAMETERS! R52«-N 
OUTPUTS: R53.-VALUE OF SCOPE 

MONITORSYMBOL. 
FETCH A MODULE N 

2 
3 
4 
5 
6 
7 

U35, 
T80, 
U29, 
U5, 
U6, 
U17, 
T15, 

8 
9 

i o 
n 
12 

T31, 
Y6, 
Y105, 
Y72, 
T74, 

PAGE ADDRESS TABLE 
RELEASE A MODULE 
PUSH THE STACK 
POP THE STACK 
EXIT 

_CONVERSION_TABLES_FROM 
" G-20 •»" SCOPE "'CHARACTERS " 

SCOPE MONITOR TIME USED TODAY 
TRACE 
TRACE BREAKPOINTS 
TRACE TARLES 
ISR RETURN POINT 
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TO OBTAIN THE ADDRESS OF A PAGE  

~ " A L DTJM^2T~OUT^^ 

0UT«-FALSE{ ADDR«-T80-l + SCOPENUM + 3»PAGEl 
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ERROR NUMBERS. 

THE SCOPE MONITOR PASSES AN INTEGERIN THE ACCUMUL ATOR 
WHICH IS_THE„J_0CATI0N IN THE _SCOPE_ MONI TOR WHER_e_THE__ERROR_ 
"WAS DETECTED. THE FOLLOWING TABLE RELATES THESE INTEGERS 
TO THEIR MEANINGS. 

ERROR NO 8R0UTINE MEANING 

~INTERACtION UNACCEPTA8LE.EITHER 
(A)REMOTE FROM WHICH JOB WAS 
SUBMITTED IS NOT 

A_SCOPE__I < E _ NOT IN [5,73 OR(B)MANMUMBER OF USER LOGGED IN 
-sMANNUMBER _ 
ON JOB CARD" OF PROGRAM. 

167.003 SEVERAL PROGRAM AT_TEMPTJNQ__TO_I_NTER_AC_T_ 
WITH A SCOPE FOR WHICH PERMISSION 
HAS NOT BEEN GIVEN. 

167014 BROUTINE WITH THIS NUMBER 
DOESN»T_EXIST. 

167145 2 PAGE DOESN'T EXIST 
167164 2 _ NO ROOM LEFT ON PA_GE_ 
167211 3 NOT ENOUGH SPACE, 
167355 12 EITHER(A) NO PAGE EXISTS 

OR(B)NO STORE COMMAND FOUND ON PAGE 
OR(C) A DELIMIT. IMMEDIATELY .F_OLLOWS„ 
THE STORE(PAGE FULL) 

167446 17 _0R__l8 PAGE_N0j__NOT _ I N [ 1 ,_4 )_. 
171365 SEVERAL PAGE NO.NOT IN [ 1 . 4 J . 
173 372 S EVERAL PAGE DO ESN'T E_J ST ±_ 
171402 SEVERAL LOCATION GIVEN IS NOT IN USER CORE 

I . E . NOT IN t/10000 ,/73000 ] . 
171406 SEVERAL LOCATION GIVEN IS NOT IN UPPER CORE 

I . E . NOT IN f/160000,/177777], 
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8. SUBPROGRAM LIBRARY. 

WE HAVE O N L Y J U S T STARTED TO SET UP THIS LIBRARY. LISTINGS 
CAN BE OBTAINED FROM THE RESPECTIVE AND FILES, USER CR38AB14J 

~ " ALGOL SUBPROGRAMS FILE 32/Pl 
FORMULA ALGOL SUBPROGRAMS FILE 31/Pt  

~ SPITE SUBPROGRAMS FILE 33/P) 

. P R O C E D U R E S IN ALGOL _ A N D _ J F _ O R M L THE SCOPE ALGOL* L I B R A R Y CAN NOW 
BE USED AS AN OUTER BLOCK TO ANY ALGOL PROGRAM."YOU NEED AN EXTRA 
END,OF C O U R S J j THESE PROCEDURES WERE WRITTEN BY RUDY K R U T A R,JIM 
KING, ALAN BOND AND DAVE VAVRA. THE LIBRARY IS CURRENTLY BFINQ 

JlAINTA I NED AND EXTENDED _J5Y_RUSSELL MOORE,TO WHOM SUGGESTIONS AND 
QUERIES SHOULD BE DIRECTED. ~" 

1 INTEGER PROCEDURE LOC(N). INTEGER Hi GIVES THE ADDRESS 
WHERE THE VALUE O F A N IDENTIFIER IS SfORED. FOR ARRAYS, LOC (AtlJ) 
WILL GIVE THE 1ST WORD OF THE ARRAY.  

- 2 \ L O GIc PROCEDURE 0 EC ML" (NUMBER) i "INTEGER NUMBERT~ GET S THE 
DECIMAL G-20 CHARACTERS FOR THE VALUE OF NUMBER AND PACKS THEM IN 
DECML, 

3. BOOLEAN PROCEDURE B(BNUM, 852, B53. 854, 855, B56) VALUE 
" ~ T N U M l fNTEGE~R"BNUM. B52, B53, B547~ B55, B~36i CALLS B-ROUT1NE 

NUMBER BNUM. ON ERROR EXIT, 8 IS TRUE, NORMAL EXIT FALSE. HENCE, 
f F n r r T T T T E T T G o ~TO EXIT* WILL CALL THE B ROUTINE. 

4. AN ALTERNATIVE VERSION OF B, WHICH HAS GLOBAL 300LEAN 
V A R I A B L E S O U T A N D PR. IF OUT IS TRUE PARAMETERS ARE OUTPUT. IF P R 
IS TRUE, THE VALUES OF_PARA_METERS AND NATURE OF EXIT ARE PRINTED. 

' 5 , PROCEDURE BA(8NUM,ETO" IS A PROCEDORERATHER THAN A 
FUNCTION AND CALLS ON 6. __. _ 

r . LOGTc PR'd"CEDWE-flEAD^R~TxTYTi VALUE X,Y| i m E ^ r Y T Y T 

COMPUTES A HEADER INSTRUCT I ON AT X»Y . NOTE THAT X.Y MUST LIE IN 
T O , 10231," 

7 . LOGIC PROCEDURE VECTOR <_X» Y JG_M VALUE X,Y,SG) INTEGER 
~xTT;—LO¥Ic~sGT'TO m p "uTES~T~~V E"C T0R" STR"ING ELEMENT WITH DX =~X", DY * 
Y SG « 0 USUALLY, SG = ? FLAGS THE VECTOR SO THAT IT WILL BLINK 
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OR INTENSIFY ACCORDING TO THE SETTING OF STATE SWITCHES. 

8. LOGICPROCEDURE CHARAC(C,SG, I ) ; INTEGER C SG.Il 
PRODUCES A SCOPE CHARACTER IN A WORD IN POSITION__I s 1. 2, OR 3. 
SG IS THE TAG FIELD. SO SG = 2 GIVES BLINKING AND INTENSIFICATION. 
C IS THE SC_0PE _CHARA_CIER„NU MB_ER_AS GIVEN J__I_E_0_UATSE MANUAL. 

9. LOGIC PROCEDURE CHARSTR (CI, C2, C3, SGl," SG2, S33)) 

10.._ PROCEDUR E_C H A R A C TER (X ,_Y » _ C U I NTEGE R _X ±_ Y) LOGIC) PUTS 
A CHARACTER O N T H E " SCREEN AT "POINT T , ~ Y ~ ~ C ~I S A SCOPE 
CHARACTER-STRING WORD AS OBTAINED BY, USING CHARAC OR C H A R S T R . J T 
CAN ALSO BE OBTAINED BY 

_C_8L2 ___ flRN_*_ 4!_ WHERE N I_S_ THE JSC0_PE__CH ARACTE_R NUMBER FROM 
THE QUATSE MANUAL.""CHARACTER" HAS ONE CHARACTER PER WORD AND A 
SEPARATE HEADER FOR EACH CHARACTER, AND IS, THEREFORE, WASTEFUL OF 
SPACE, G-20 CHARACTERS ARE BEST PUT ON THE SCREEN USING 32, 

11 , PR0J_ EDURE_NU M < X »_Y_,_N >J__ VALUE N) INTEGER X , Y) REAL N ) 
TAKES A REAL NUMBER N, F~INDS DECIMAL CHARACTER FORM, AND PUTS IT 
ON THE SCREEN A T _ X , Y IN_-5D.3Z FORMAT._ 

12. P R O C E D U R E L I N E (XI, Yl, X2, Y2)) I N T - G E R Xi, Yl, X2, Y2) 
P U T S A L I N E F R O M (XI, YD T O (X2, Y2), W I T H A S E P A R A T E H E A D E R . 

13, PROCEDURE GENERATE (X, Y» T, DT, MORN)} VALUE DT, NORM) 
REAL_X,_ Y, T, DT, MORMi GENERATES A CURVE WITH PARAMETER T WHOSE 
X, Y ARE GIVEN 9YEXPRESSION INVOLVING T WHEN ACTUALLY CALLING 
GENERATE. THUS 

GfeNERATE(A * SIN(T ), B * COS(T),T,DT,NORM ) J 
_ WILL PLOT AN ELL IPSE. 

IT DOTS IT" BY LINE SEGMENTS, AND T T~'CT.CffL'XTe'S"TH_'SFTcrR" 
INTERVALS IN T OF DT. IT ASSUMES A SQUARE SCREEN WHOSE LINEAR SIZE 
IS NORM IN RELATION TO THE VALUES OF X, Y. 

_14. _ CURVE (X, Y, T, DT_, TA, TB) ) INTEGER X, Y) REAL T, DT, 
TA, TB) PLOTS FROM TA TO T B . ~ "" 
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15. INTEGER PROCEDURE SCALEX (X)l REAL X > 

INTEGERPROCEDURE SCALEY (Y)I REALYl THESE ALLOW EASY 
SCALING. GLOBAL VARIABLES XA, XB, YA, YB, SXA, SXB, S YA, SYB 
INDICATE THAT THE PART OF THE SCREEN USED WILL BE FROM SXA TOSXB 
AND SYA TQ SYB, WHERE THESE_L IE IN (0, 10231« AND THAT THIS WILL 

'CORRESPOND TO VALUES XA> XB, YA, BY IN THE REST OF THE 
COMPUTATION. THUS _• _ 

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

A - R P A N EQUIVALENT SET OF PROCEDURES TAKING REAL 
ARGUMENTS FOR POS I T I ON_AND_US I NG _SC_AL_E X AND SCALE Y. THESE ARE 
D E S I G N A TED BY~AN" ADDED 1 ON THE NAME. THUS, CHARACTERS NUM1, 
LINE1, CURVE1, ETC; 

16." "" REAnVPAGF (N, RBUFF >) READS THE CONTENTS OF~P AGE ~N( M AX" 
LENGTH 1 BLOCK) INTO THE READ BUFFER RBUFF PACKED 1 CHARACTER PER 
«O r"D ,SO IT IS LIKE A NORMAL CARD READ." YOU MAY THEN RE AD FROM 
RBUFF USING AL THE' NORMAL FORMATTING POWER OF ALGOL. 

17 pRiNT.ON''PAGE(N,"WBuFF,X. Yj"l" PUTS THE CONTENTS OF PRINT 
BUFFER 'WBUFF AFTER NORMAL ALGOL PRINTING ( WHT^H...CAN_8_EJ*!"™ 
W TT H 0 J f < 11 0 R < W > ) "ONTO" PAGE "N AT X,Y. THUS THE FULL GENERAL I TY 
OF ALGOL I/O Ŝ AVAILABLE FOR COMMUNICATION WITH THE SCQP = S. 

YW S E T S C O P F N U M ( N ) ) I N T E G E R Nj" S E T S S C O ^ E N U M B E R T O N , S O 

that VllRTHFR C A L L S O F B R O U T I N E S A P P L Y TO T H I S S C O P E . T H E Y O F 

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

- 1 9 iNTF-GFR P R O C E D U R E S C O P E N U M j G I V E S T H E S C O ° E N U M B E R 

C U R R E N T L Y S E L E C T E D . IT S H O U L D N O T R E C O * F U S E D M T H T H E S C O ' S . 

N U M B E R P A S S E 0 U P O N I N T E R R U P T . 

20. BUTTIN(ENPT,CNTRLSW, INTNUM,SCOPNUM,PAGEIN,?A"GEOUT) J 
INTEGER ARGUMENTS. DEFINES BUTTON INTERRUPTS,DI SPLAYS 'INTERRUPTS 
NOW DEFINED' ON PiA3EOUT AND CONTINUES COMPUTING. OM INTERRUPT, IT 
PASSES CONTROL TO ENPT, WHICHCAN BE A CLOSED PROCEDURE OR A 

-LABEL, ]T_ PUTS'JNTERRUPT NUMBER . . . ' O N PAQEOUT UPON INTERRUPT, 
CNTRLSWaQ INHIBITS INTERRUPTS; I NTNUM I S THE NJ« §'E R " 0 F~t HP- 9TJTTON 
INTERRUPTING AND SCOPNUM IS THE NUMBER OF THE SCOPE INTERRUPTING. 



2 3 . . C O W I N ( E , N P T , C N T R L S W . S C Q P N U M , C H A R , P A G E I N , P A J 3 E 0 U T , C _ H ) _ I _ S E T S 

C O M P A R E I N T E R R U P T O N C H A R A C T E R C H A R O N P A G E P A G E I N »~ S I M I L A R To 
B U T T I N . O N I N T E R R U P T , T H E C H A R A C T E R W H I C H C A U S E D T H E I N T E R R U P_T 
W I L L B E F O U N D I N I D E N T I F I E R W H O S E L O C A T I O N I S C H . 

N O T E 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 O F S C A L A R S I N F O R M L Q I V E S 

A L L O C A T I O N S I N S U C C E S S I V E W O R D S , W H E R E A S I N A L G O L " I T G I V E S 
C O N T I _ _ G U 0 U S L O C A T I O N S B U T I N T H E R E V E R S E O R D E R _ T 0 _ T H E O R D E J * _ 0 F 
D E C L A R A T I O N . 

T H U S , L O G I C D J , D 2 , D 3 ) D U M P S ( 3 , D 3 ) L P R I N T S T H E C O N T E N T S O F 

D 3 , D 2 A N D D L . 
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M A C R O S A N D R O U T I N E S I N S P I T E 

1 ( MACRO B C X X 1 . X X 2 . X X 3 , X X 4 , X X 5 , X X 6 ; CALLS INTERFACE ROUTINE 
IO^EXPECTS ALL ARGUMENTS TO BE CONSTANTS, I . E . , FIXED AS ASSEMBLY 

TIME"."" 

2 . M A C R O 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 3 E 

C O N S T A N T A N D X X 2 . . X X 6 T O B E V A R I A R L E S , I . E . » 3 E L O C A T I O N S W H I C H 

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

T. ronTĤ ~TNT'ERTA"C-r~R"OTJT"ITIE. 

4 . THERE IS A VARIANT O N B WHICH PUTS A MESSAGE O N THE G - 2 0 
TYPEWRITER ASKING FOR THE H-MODULE TO BE SWITCHED, IF IT ISN».T. 

5 . SOME MACROS TO_ EASILY GENERATE SCOPE DISPLAY MATERIAL 
HEADR. VEC, CWD, STORr 
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9 . USER SUBSYSTEMS. 

AN • INTERACTIVE PROGRAM ON THE G -20 IS INEFFICIENT IN TTTIJST 
OF COMPUTER TJJli IN THAT IT OFTEN IS IN A LOOP; WAITING FOR THE 
HUMAN TO TELL IT WHAT TO DO NEXT. ALSO THE PROGRAM MUST WAIT IN~ 
THE QUEUE BEFORE IT CAN BE INITIATED. THE PAUSg SYSTEM IS USFFUI 
FOR GETTING SHORT BURSTS OF USER PROGRAM — 

IN IMPLEMENTING A TIME SHARING SWAPPING SYSTEM FOR THE SCOPE 
MONITOR, IT WAS FOUND EASY TO ALLOW ANY USER TO WRITE SUBPROGRAMS 

# RELOCATABLE REENTRANT ASSEMBLY CODE WHICH ARE ORGANIZED BY THE 
SCOPE MONITOR, SWAPPED IN AN OUT AS REQUIRED AND AS SPACE PERMITS, 

JLEJLOCATEP IN CORE AND LINKED TOGETHER DYNAMICALLY I N_ A SIMPLE WAY. 
THERE IS ALSO AN AUXILIARY MACRO SYSTEM WHICH ALLOWS THE 
C0NVERSION OF ORDINARY ASSEMBLY CODE INTO THE REQUIRED REENTRANT 
R̂ELOCATABLE MODULAR FORM. IT TURNS OUT THAT ANY MODULE OF ANY. USER 
CAN CALL ANY MODULE OF ANY OTHER IN AS VIOLENTLY A RECURSIVE WAY 
AS REQUIRED, AND THAT ONLY ONE COPY OF ANY MODULE IS IN CORE EVEN 
IF CALLED BY SUBSYSTEMS FROM ALL THREE SCOPES AT ONCE.  

TO CONVERT CODE TO MODULAR FORM, ONE USES THE MACROS AND 
ROUTINES ON USER CRflflABH, FILE 3 4 . THEN ONE BREAKS THE CODF AS 
FOLLOWS I ~ 
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LAYOUT EXAMPLE 

FILE 34 PACKAGE USER C R 3 8 A B 1 4 ) FILE 54/Pi INSERT $ 
NON R E L O C A T A B L E (GLOBAL) SYMBOL 

D E C L A R A T I O N S LBL T90J 
BEGIN 

R E L O C A T A B L E <LOCAL) SYMBOL 
BEGIN 

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

LBL E20I 
ENPT 1> El 

(REENTRANT) CODE El 
ENPT 2. E2 
ENT 

__ - p u S H 5, 
CLA 0 1> 

— — "STL 2.50 
TRM E3 

OR NONRFFN TRANT E2 
EXIT 
ENT 
TRM E4 
TRA 1: El 

EXTERNAL I D E N T l H C A U i U N S TO 
ENTRY POINTS OF OTHER MODULES 

E3 
E4 

ISMOD 1. 5. 'A314I 
ISMOO 2. 7. 'AD03J 

E.G. E3 IS ENTRY POINT 1 OF 
MODULE 5 OF USER A814 -

END 
STORE 

END 
STORE 6. 'AB14J 

STORES THE GENERATED MODULE, E.G. * 
AS MODULE 6 OF USER AB14 

T H E PUSH M A C R O ~ - W L A ^ T S ~ ~ S T A C K VARI ABLfcS, b.a.. PUSH S 
DECLARES 5 VARIABLESAND PUSHES THE STACK. ONE THEN USES. THESE 

"VARIABLES WITTTTHE POINTER IN REGISTER SO. 
THUS CLA 3,50 CLEAR AND ADD SECOND 

_ = STACK VARIABLE. 

STI 3.50 LFJLLJILTMJRLATAPJL—-
VARIABLE. PUSH MUST IMMEDIATELY F 0 L L pj_ T,HJ_„ACmALE:N T R Y , P O '^ ' . (TO ALLOW THG. 

l ^ W ~ ^ T ^ T T K ^ W ^ l ROUTINE DOES NOT bX H . H K U U U H I T T »Z ' U ? F C ? H R ^ G H I ; ^ ^ 
I ^ F ^ ^ FX IT ! A^THE 1A 

F O R ) JIN PU S HlX%oSp7r° '« ALL DONE BY THE SCOPE 
MONITOR, 

QTiTkPn VARIABLES HAVE TO BE USED TO KEEP THE VALUES OF_ 
V A R I A B L E S N E E D E D DURING RECUKSiVfc C A L L S un , , T e-Xn rue 

BEFORE ANY T R ^ f ^ i ™ ^ 



SCOPES 59 

T H R O U G H T H E M A R K . T H I S I S B E C A U S E A N O T H E R U S E R M A Y E N T E R T H E S A M E 
C O D E D U R I N G T H E W A I T V O N E C A N H A V E M O D U L E S O F R E G U L A R C O D E B U T I T 
C A N N O T C A L L I T S E L F R E C U R S I V E L Y . A N D C A N N O T B E S H A R E D B Y A N Y O T H E R 
S Y S T E M . N O T E T H A T E A C H U S E R H A S H I S OWN N A M E S F O R A L L 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 T H E S U B S Y S T E M . I T C A N B E L Q A D E O F R O M 
T H E P R O G R A M S T A T E . M O D U L E S W I L L N O R M A L L Y B E M A R K E D A S D I S P E N S I B L E 
A F T E R U S E . A N D A R E L I K E L Y T O B E S W A P P E D O U T I F T H E S P A C E I S N E E D E D 
F O R S O M E T H I N G E L S E ) H O W E V E R , T H E U S E R C A N M A R K A N Y M O D U L E A S 
' R E T A I N E D 1 W I T H A N I N T E R R U P T O N T H E P R O G R A M P A G E . H E C A N ' R E L E A S E ' 
A L S O . L O A D I N G A M O D U L E A U T O M A T I C A L L Y R E T A I N S I T . O R O N E C A N S I M P L Y 
A S K T O T R A N S F E R T O A M O D U L E W H I C H W I L L ; L O A D I T I F N E C E S S A R Y , 
E X E C U T E I T A N D R E L I N Q U I S H I T . 

T H E A D V A N T A G E O F S U B S Y S T E M S 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 

- - T H E Y C A N B E U S E D O N A N I N T E R R U P T B A S I S W I T H O U T S U B M I T T I N G A 
Q - 2 0 P R O G R A M . A S U B S Y S T E M C A N U S E B R O U T I N E S T O S E T U P D I S P L A Y S , 
E T C . I N P R I N C I P L E . * A S S E M B L Y C O D E A N D E V E N O C T A L C O D E G E N E R A T E D 8 Y 
A C O M P I L E R C A N B E C O N V E R T E D T O S U B S Y S T E M F O R M , S P A C E P E R M I T T I N G . 
I N O R D E R T O H A V E A D A T A A R E A T O W O R K O N , I T I S S U G G E S T E D T H A T S O M E 
M O D U L E S B E R E S E R V E D A S D A T A A R E A S W I T H T H E E N T R Y P O I N T S G O I N G T O 
D A T A A C C E S S I N G F U N C T I O N S , S U C H M O D U L E S C O U L D T H E N B E L O A D E D A N D 
R E T A I N E D I N C O R E A N D T H E - C O D E M O D U L E S B E P U R E P R O C E D U R E S W H I C H 
C O U L D S W A P I N A N D O U T A N D M A N I P U L A T E T H I S D A T A . T H E Y A R E N O T 
A C T U A L L Y S W A P P E D O U T , J U S T R E L E A S E D T O A V A I L A B L E S P A C E , A N D , W H E N 
N E X T N E E D E D , A N E W C O P Y S W A P P E D I N . 

F O R P A S S I N G P A R A M E T E R S I N D E P E N D E N T L Y O F P A R T I C U L A R D A T A 
A R E A S , R E G I S T E R S 5 2 - 5 8 C A N B E U S E D . T H E S E A R E S A V E D D U R I N G W A I T I N G 
F O R T H E D I S C T O S W A P I N T H E N E X T M O D U L E .  

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

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

C O M P L E T E L Y • A S P O S S I B L E B Y R U N S I N L O W E R C O R E W I T H L I N E P R I N T 5 R 
O U T P U T . T H E N O N E C A N R U N I T I N T H E H - M O D U L E B Y R U N N I N G A W A I T I N G 
P R O G R A M I N L O W E R C O R E , S O T H A T Y O U C A N O N L Y C L O B B E R Y O U R S E L F T H E 
W A I T I N G P R O G R A M I S B E S T W R I T T E N I N U P D A T E A N D C A N T H E N G I V E A D U M P 
O F T H E H - M O D U L E A N D R E L O A D A F R E S H C O P Y O F T H E S C O P E M O N I T O R A T 
T H E T E R M I N A T I O N O F T H E R U N . I N T H I S W A Y , O N E C A N D E B U G A S Y S T E M I N 
3 M I N U T E B U R S T S W I T H O U T E N D A N G E R I N G I N N O C E N T U S E R S A N D H I T H O U T 
B O T H E R I N G T H E O P E R A T O R S T O D O D U M P S . W H E N T H E U S E R S U B S Y S T E M I S 

S U P P O S E D L Y D E B U G G E D ? I T C A N B E R U N A N Y T I M E W I T H N O R M A L U S E R 
P R O G R A M S I N L O W E R C O R E " , B U T I T M U S T F I R S T P A S S A N A C C E P T A N C E T E S T . 
T H E A C C E P T A N C E T E S T P R O G R A M C A N B E O B T A I N E D F R O M A . H . B O N D . 
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1 0 _ , _ _ QRAS_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 I 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 THOMAS 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 

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

2 0 , S O I T S H O U L D • B E E A S I L Y . T R A N S F E R A B L. E J O T H E 3 6 0 , LLIS. 
Cl )RR"ENTLY 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 . 

GRASP (GRAPHIC SERVICE PROGRAM) IS A GENERAL GRAPH IC MODEL 
BUILDINQ~SYStEM. IT IS USED IN TWO WAYS: 

1 . IT PROCESSES AN INPUT STREAM OF CARDS IN A SIMPLE 
LANGUAGE,WHOSE FORMAT IS SIMILAR TO A SEQUENCE OF ALGOL PROCEDURE" 
CALLS. THIS ALLOWS THE USER TO DEFINE AND NAME GRAPHICAL ELEMENTS 
LIKE POINTS,LINES,ETC. .BUILD NAMED CONFIGURATIONS FRO~M THESE 
ELEMENTS AND _DUfLICATE___TNSTANCES _OF_ THESE CONFIGURATIONS AT 
DIFFERENT LOCATIONS AND ORIENTATIONS IN THE ( 3 ] MODEL SPACE. THE 
STRUCTURE OF _THE__MODEL_I_S NESTED* SO ONE HAS CONFIGURATIONS AT 
VARIOUS LEVELS. . ONE CAN INPUT"CARDS FROM THE NORMAL" INPUT STREAM 
~~ , l l C ennoc ta^E AND ONE CAN OUTPUT A [2] DISPLAY DERIVED OR FROM THE SCOPE FACE AND ONE CAN OUTPUT A t»1 DISPLAY PERIOD 

-e-ofui TWP m O I T P L . O N THE LINfc-PKlNThK U" I ne ouu-c r*wc. • 
DISPLAY IS COMPLETELY SPECIFIED BY THE U S_EjR_̂ _TOĴ S_JCALE. 
"bpr̂ nw 7>F I^nTfr^E t WI TH I NT HE MODEL .VIEWPOI NT IN: THE MODEL SPACE 

t t t e T 

9 THE US=R CAN USE PART OF THE GRASP SYSTEM AS AN OUTER 

PROCEDURES» SIMILAR TO THE LANGUAGE. B j n j E ^ D J N I ^ * N T A L b ^ 
rJ-OOf P. H R 1 r?t1 6 HmTsTam utiufn CONST I T U T = AN 'A P̂ TT CATION 
CONSTRUCTIONS, THIS PROGRAM WUULIJ uuino i,i i v> - C T 9 | l f , T . T u c 1 ^ APPLICATION 
THE MODEL. 

IN. 
"~~r"r a sp—D"OP S—NOT! hXvT~C1d1TS T RT^ u 1 ^ 
t^IrIjlsIuIL 
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11. HOW THE SCOPE MONITOR WORKS. 

A. RELATIONSHIP OF THE SCOPES TO THE G-21 AND THE MAIN 
MONITOR 

THIS SECTION CAN BE SKIPPED, 

-IME Q-21 HA3_SEVERAL 8K MEMORY MODULES ON A BUSS, AND, IN 
ADD I T I ON, THE H^MWULT,̂  ^HTcH~CAN BE SWITCHED IN AS REQUIRED TO 
REPLACE THE Q-MOOULE. THE CORE LOCATIONS OF THE H-MOPULE ARE 
/160. 000 TO /177,'777, AND A PROGRAM WILL: COMMUNICATE WITH THIS 
CORE WHEN THE H-M9DULE IS SWITCHED IN) OTHERWISE, IT WILL 
COMMUNICATE WITH THE G-MODULE. SWITCHING IS DONE BY SETTING $13 IN 
THE CE REGISTER. IT CAN ONLY BE SWITCHED IF THE OPERATOR HAS SET 
THE MODULE SWITCHES. TO SEE IF IT IS SWITCHABLS WE MUST READ THE 
STATUS REGISTER SR (REGISTER 5) AND LOOK AT $ 4 . THE NORMAL PE 
IMAGE PROTECTS THE H-MODULE, AND SO WE CAN RESET THAT TO /70 OR 
/13 ACCORDINQ TO WHETHER THE CORE IS INVERTED OR NOT* THE CORE IS 
INVERTED IF THE (ABC) BUTTON HAS BEEN SET BY THE OPERATOR, AND 
THIS CAN BE READ BY LOOKING AT $1 OF SR,IF SI IS SET, THE USE /70. 
THE MAIN MONITOR IS CONTINUALLY SERVICING INTERRUPTS FROM 
TELETYPES. ETC. , AND WHEN IT DOES SO IT STACKS THE ACCUMULATOR AND 
THE NC REGISTER ONLY* THE MAIN MONITOR.INTERRUPT STACK IS 4 DEEP 
AND CIRCULA R. WHEN IT RESTORES CONTROL TO THE PROGRAM, IT RESTORES 
THE ACCUMULATOR AND TRANSFERS TO ( N O AND IT RESETS PE AND; CE TO A 
STANDARD PATTERN, NOT TO THE PATTERNS IN OPERATION WHEN THE 
INTERRUPT OCCURRED. IT RESETS THEM FROM THE PE AND CE IMAGES, . .. _ w i_ i w incitrnun in: rc All) u: : llJfitSi 
WHICH ARE (169+1) AND (133*5), RESPECTIVELY. HENCE, WE MUST EITHER 
TURN CONTROL OFF OR RESET THESE EVERY TIME AFTER CONTROL HAS BEEN 
ON. THE SCOPE INTERRUPT BUTTONS SET $13 IN IR ANO THE MAIN MONITOR 
SENDS CONTROL TO THE SCOPE MONITOR. THE SCOPE INTERRUPT BUTTONS, 
AT THE SAME TIME, SET THE INTERRUPT WORDS IN THE H-MODULE, AND THE 
SCOPE MONITOR READS THESE, 

FIGURE 8 SHOWS CODE TO SWITCH IN AND OUT THE H-MODULE. THE 
CLOCK INTERRUPT -TO THE SCOPE MONITOR CAN BE EASILY PATCHED AND FOR 
SPECIAL EFFECT. THE SCOPE MONITOR CANNOT USE ANY OF THE USUAL 
"FACILITIES OF THE MAIN MONITOR, LIKE I ROUTINES. AS THESE MAY BE 
IN USE BY THE LOWER CORE PROGRAM. COMMUNICATION WITH THE DISC IS 
EFFECTED BY USING THE TELETYPE DISC ROUTINE, AND THE SCOPE MONITOR 
ONLY ENTERS THFM IF THEY_ARE__FREE AND WAITS OTHERWISE. THE SCOPfS_ 
FILES ARE IN A "SPECI~ALLY RESERVED PORTION OF DISC, CONST iTUTlNG RA 

4 l l l r ^ - ^ l - h ~ 9 - 1 ^ 1 6 0 " ' HALF THE USUAL BLOCK 
BY THC ' crnoc MftMt rno ̂  H A N D L 6 D I N ^ L W l T m i ^ ^ ! ! ^ ^ P A C T T T S T PT THb SCOPE MONI TOR * 
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TO SWITCH IN THE MM-12 

ERA F ,SRI 

IEZ CD
 

$4) 

TRA L I ) 

EXR 0 /77776,CE; 

ERA CD
 

/77777,CEJ 

UN|_ CD
 

$131 

OAD 0 o; 

LDR 0 .CEJ 

ERA 0 .SR; 

IEZ 0 sit -
OCA 0 /70-/13J 

OCA 0 /13; 

LDR 

1 1° .PEi 

TRA LTl 

Li ERROR EXIT H MODULE NOT SWlTCHABLfc 
• r* II rrwi i r* r\ yin H n M T Q7Y1 T~~C n E1" C* 

L2~ NORM" AL "EXIT H MODULE SWITCHED IN,CONTROL io uir 

TO RESTORF NORMAL USER SETTINGS 

LDR |69+1>PEI 

LDR I35+5.CEI 

FIGURE 8. 
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B. THE H-MODULE 

THE LAYOUT OF THE H-MODULE IS SHOWN ^ F I G U R E 91 THE ACTUAL 
PATH OF THE SCANNER US AS SHOWN IN THE SMALL FIGURE. IN ORDER NOT 
TO UPSET THE SCANNER, IT IS DIVERTED MOMENTARILY TO A SMALL! LOOPT 
LOCATIONS Q AJU2 1 OF THE H-MODULE. ON ANY REARRANGEMENT OF THE 
DISPLAY AREA • ~ 

- THE-. SYSTEM MESSAGES SIT IN THE H-MODULE AND ARE MADE: VISIBLE 
ON A GIVEN SCOPE BY SETTING THE LOWER BITS OF THE DELIMIT. STSTEKT 
MESSAGES DISPLAY IN ALTERNATE MODE AND ON ALL PAGES. 
C PROCESSING OF INTERRUPTS. WAITING. REENTRANT CODE 

THE SCOPE MONITOR IS LAID OUT AS AN INTERRUPT CLASSIFICATION 
PART AND THEN TABLES OF ENTRY POINTS FOR THE MEANINGS OF 
INTERRUPTS IN EACH STATE. TO EXECUTE A TASK THE APPROPRIATE ENTRY 
POINT IS ENTERED IN THE PART OF THE CODE WHICH IS REENTRANT, WHEN 
THE CONTROL REACHES A POINT WHERE IT HAS TO WAIT FOR THE; DISC OR 
FOR THE HUMAN TO TYPE IN SOMETHING ON THE SCOPE. IT MERELY SETS UP 
A REQUEST AND RETURNS TO THE ISR. LEAVING ALL: THE LOCAL VARIABLES 
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 

• ™ ! ! * 5 ° N G S T A G K F Q R G A C H S C O P E . . W H E N T H E Q P F R A T I Q 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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/160000 USED BY SCANNER 

10 STATE WORD 1 L ... _1 - . - -

11 INTERRUPT WORD 1 SCOPE 1 1 NORMAL ... 

12 POSITION WORD 1 1 

20 M | SCOPE 2 1 CONSOLE 

30 t i | SCOPE 3 1 GROUPS 

110 tt 1 ALTERNATE 

120 1 CONSOLE 

130 i, 1 GROUPS 

150 INTERRUPT ENTRY POINT 

151 TRA ISR _ . _ _ -

152 CLOBBER WORD JR01 

154 USER ENTRY POINT 

155 TRA USSR INTERFACE 

160 SYMBOI TABLE AND SYSTEM VARIABLES IN FIXED LOCATIONS __ 

180 -1700 TARLFS AND ALL DATA USED BY THE SCOPE MONITOR 

1700 -3100 S Y 5 T P M DISPLAY PAGES 

310C -4400 TSR . _ 

4400 -10000 ROUTINES FOR CARRYING OUT OPERATIONS 

i 7 0 0 0 0 - 1 7 7 7 7 7 DISPLAY AREA 

17 777 6 _ D ELJMJT_T 0_PR OTJEC T 

177777 CYCLE TO DISPLAY PAGES 

FIGURE 9. 
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T H E 0 0 H P L L T 10N__QF_ A N _ O P E R A T J 0_N I S E I T H E R T R I G G E R E D BY A N 
I N T E R R U P T L I K E T H E C O M P A R E I N T E R R U P T O N T H E R E T U R N C H A R A C T E R ^ O R 7 
4N _ T _ H E _ J 3 A S E _ _ P J L D J L C _ J ^ A J J S ^ ^ T H E S C O P E M O N I T O R K E E P S L O O K I N Q T 0 
S E E I F I T C A N C O M P L E T E T H E - O P E R A T I O N , I N T H I S C A S E T O E N T E R T H E 
M A I N M O N I T O R D T S O 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 , M E C H A N I S M WAS" 
. D E S I G N E D A N D I MPJJJJLE_NT_EJ)_3J!L_JERR Y R I G H T N O U R T  

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

T_HJ 8 ROUTINES ARE JUST A PART OF TUP SPppg MONITOR WHICH IS 
EXECUTED BY THE NEW PROGRAM. FIGURE 10 IS THE INTERFACE R O U T T N I . 

- M E _ _ C A L L S A B ROUTINE BY PUTTING THE NUMBER OF THE B ROUTINE IN 
THE ACCUMULATOR AND THE SUCCESSIVE ARGUMENTS IN REGISTERS 52-56 

-AN£—D-̂ LLNG A TRM TO 10. THIS BLOCK OF CODE IS INCLUDED IN THE 8 
PROCEDURE IN ALGOL; ~ 

MSER INTERRUPTS ARE HANDLED DIFFERENTLY FROM INTERNAL 
INTERRUPTS. THEY ARE CLASSIFIED IN THE I€W] BUT CONTROL IS NOT 
TRANSFERRED TO THE USER PROGRAM UNTIL AFTER ALL THE SWITCHES AND 

1=TATN MONITOR REGISTERS HAVE BEEN RESTORED JJST BEFORE CONTROL 
WOULD BE TRANSFERRED BACK TO MAIN MONITOR. ' AT THIS POINT, THE 

"SCOPE MONITOR" EXECUTES ANY USER INTERRUPTS BY TRANSFERRING WITH 
CONTROL ON TO THE USER ENTRY POINT IN LOWER CORE. ACTUALLY, IT 

"STORES ITS OWN MARK IN THE USER ENTRY POINT AND DOES A TRE TO 
ENTRY POINT »1. THUS IF* THE FIRST INSTRUCTION TURNS CONTROL 
OFF,ONE CAN MAINTAIN CONTROL OFF IN AN INTERACTIVE: PROGRAM, 
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SCOPES 66 _ 

I 0 (=NT 
' • 

USER INTERFACE ROUTINE 

EXR 

STl 
0 /77776,CE) 

L20 1 

CONTROL OFF _ 

SAVE PARAMETER 

ERA 0 »SR; READ STATUS REGISTER 

IEZ O' $4j IS THE MM-12 SWITCH43LE 

TRA L2J NO EXIT 

LDR 0 /20302,CEJ SWITCH TO THE MM-12 

HAL /160152I GET THE CLOBBER WORO 

IUO LIO 1 IS IT INTACT 

TRA L2> NO EXIT 

LDR 0 ,PEJ RESET MEMORY PROTECT 

C U L20) REFETCH THE PARAMETER 

TRM /160154I ENTER THE SCOPE MOM I TOR 

LO LDR 169+1.PEJ RESTORE MEMORY PROTECT 

LDR 133+5.CE) RESTORE CE REGISTER 

TRE 1 101 EXIT 

12 CLS 0 i ; SET EXIT SWITCH TO ERROR CONDITION 

TRA LO 1 EXIT 

LIO ALF U R O U CLOBBER WORD 

L20 LWD t 

9 
TEMP 

LBL L* - - • 

. 

FIGURE 10 t -

-
- -

_ _ . . - " " 
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E. THE TRANSIENT VERSION 

IN THE TRANSIENT VERSION UNDER DEVELOPEMENT,ONLY THE ISR AND 
TABLES HILL BE RESIDENT,OCCUPYING ABOUT 1500, WORDS. THE OTHER 
ROUTINES AND THE SYSTEM MESSAGES ARE SWAPPED IN AS REQUIRED AND 
ALL MODULES.WHETHER THEY BE SYSTEM CODE,USER CODS, SYSTEM MESSAGES 
OR USER DISPLAYS,ARE TREATED EQUIVALENTLY IN THE SAME AVAILABLE 
SPACE THE S CHE DJJLING IS SUCH T HA_T_ M ODULES ARE KEPT IN CORE AS 
LONG AS POSSIBLE,TO MINIMISE UNNECESSARY SWAPPING. THUS , A USE OF 
SEVERAL RELATED FACILITIES SHOULD INVOLVE NO SWAPPING. IN THIS 
WAY, FOR LIGHT USE THE TRANSIENT VERSION SHOULD RUN AS FAST AS THE 
RESIDENT VERSION. AND FOR HEAVY USE. EITHER CODE OR DISPLAY AREA, 
THE TRANSIENT VERSION WILL BE ABLE TO CARRY OUT OPERATIONS 
IMPOSSIBLE FOR THE RESIDENT VERSION ,BUT WITH LESS EFFICIENCY AND 
SLOWER RESPONSE. 

mi U.RABY 
CARNECIE-IEUM UNIVERSITY 
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BCPL Syntax in Backus Normal Form 

<cap> ::= A | B | • . . Z 
<srnall> .a|b|...£ 
« U q i t > : : = 0 | 11 • . .9 
<cctd> tz- D | l | . 7 

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

<string> ::- L***L 
<stringconstant> n- • 

<ol> ::~ <cctd>|<ol><octd> 
<octn> ?8<ol> 
<decn> = < d i q i t > | < d e c n > < d i g i t > 
<number> ::- <decn> | <octn> 

^2-op> 
<3-cp> 
<4~op> 
< S-op> 
<6-op> 
<7-op> 
<S-op> 
< 9-op> 

pr iiRary-E> 

;2-E> 
= 3-E> 
= 4-E> 
^5-E> 
*6-E> 
:7~E> 
= 3-E> 
= 9-E> 

: -

^\^\±\-\l±\i^\l 
i\L\ii\n\% 

lshiftIrshift 
= | j : | <|<=1>|>= j \ <\i>\#z\jt\z\ji<\#<z\it>\#4:z\£.\<\jti> 
& 

1 
eqv | n e q v 

> :: - <string> | <str ing-constant> | <number> I t r u e I false? 1(E) | 
Valof <block> | <pr imary-E>X<E-1 ist>J , I <pr im&ry-E>j[<E>11 
<name>|< 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 i m a r y - E > | < 2 - o p > < 2 - E > 
<2-E> 
<3-E> 
<4-E> 
<5-E> 
<6-E> 
<7-E> 
<S-E> 

<2-E><3-op><3-E> 
<3-E><4-op><4-E> 
<4-E>< 5-op><5-E> 
< 5-E><6-op><6-E> 
<6-E><7-op><7-E> 
<7-E><8-op><8-E> 
<8-E > < 9-op> < 9-E> 

:9-E>|<9-E>-*<E> f < E > 

<E11> ::- <E>|<E11>^<E> 
<E-list> <null>|<Ell> 

<nll> 
<D1> 
<D2> 
<D3> 
<D4> 
<manifestl> 
<manifest2> 
<ir.anif est> 
<global1> : 
<global2> : 

: - <name> | <nl l> J U<name> 
- <nll>£<Ell> 
- < n a m e > ( < n a m e l i s t > ) b e < b ! o c k > 
- <naire> ( < nam el ist> ) ><E> 
- < n a m e > - v e c < c o n s t a n t > 

:= <name>£<constant> 
: = <TTianif estl> | <manif e s t l > i < m a n i f est2> 
= < n u l l > | < m a n i f e s t 2 > 

= < n a m e > ^ < c o n s t a n t > 
- < g l o b a l l > | < g l o b a l l > i < g l o b a l 2 > 
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<QLOBAL> •% - <NULL>|<global2> 
<D5> :: ~ <D1> | <D2> I <D3> I <D4> | «MANIFEST> I <GLOFCAL> 
<D> : : = <D5>1<D5>ALSO<D> 

<C1> 
<C2> 
<C3> 
<C3> 
<C4> 
<C5> 
<C6> 
<C7> 
<C8> 
<C9> 
<C10> 
<C11> 
<C12> 
<C13> 
<C14> 
<C15> 
<C16> 
<C17> 
<C18> 
<CI9> 

<L1> 
*L2> 
<L3> 
<L> 
<C> 
< C l i s t > 

<Dlist> 
<body> 
<BLBCK> 

<Ell>i£<Fll> 
^ F > l < E - l i s t > 2 
QOtO<E> 
break  
return  
finish  
resultis<E> 
switchon<E> into<block> 
<block> 
< C 1 > | < C 2 > I < C 3 > | < C 4 > | < C 5 * | < C 6 > | < C 7 > J < C Q > 

- i£<E>then<C> 
- t e s t < E > t h e n < C > e l s e < C > 
- unless< E >do < C> 
- v h i l e < E > d o < C > 
r until<E>dQ<C> 
z fQr<naine>-<E>tQ<Ea»do<C> 
- <C9>repeat 
- < C 9 > r e p e a t w h i l e < E > 
- <C9> rep e atu n t i l< E> 
z <C9> | <C10> | <C11> | <C12> | <C |1H <CX4> | <C15> | 

<C16> | <cn> I <C18> 
<name>^ 
c a s e < c o n s t a n t > : 
d e f a u l t : ~~ 

<L1>|<L2>|<L3> 
<C19>|<L><C> 
::z <null> |j.<C><Clist> 
::- < n u l l > l i < D > < D l i s t > 
. z <D><Dlist><Cli$t> | < 0 * C l i 9 % * 
:: - li<body>^Jl 


