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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 Schiitzenberger [1966].
Papert and McNaughton [1966] show that the star-free events are precisely
the events definable in McNaughton's 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 = £(s)), and the composition
f © g means that f is applied first (so that s(f © g) = (sf)g).

A semiautomaton is a triple A = <QA, ZA, M5> with QA a finite set

A A
(of states), © a finite set (of inputs), and M a set of functions
A A A
%G; Q ->Q indexed by g € EA} The mapping ﬂi is abbreviated WJA". The
A A
element qz ¢ Q 1is the next state of q € QA under input g € EA. For

A A A A .
x € (£ )* the mapping x : Q - Q is defined inductively: AA is the
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identity map on QAwhere A is the null word in (EA)*, and if x = yg

* A A
&) and g €'EA, then xA is yA o gA. Hence, (xy) = xA Ccy

for y € (&
A A k
for all x, y € (£ )*., For x € (& )* and integers k= 0, x is the
concatenation of x with itself k times; xo = A by convention. Clearly,
(xk)A = (xA)k = the composition of xA with itself k times, The
(necessarily finite) set of distinct mappings xA for x € (EA)* form a
A
semigroup GA under composition. G is called the semigroup of A.

Let A and B be semiautomata. B is a subsemiautomaton of A provid-

A
ing EB C:zA, QB c:QA and the mapping gB is the restriction of g to

QB for each o € EB. B is a homomorphic image of A providing that

A B B A
EA = EB and there is an onto mapping N: Q@ —Q such that Mo =0 ©°1

for each g € ZA} The mapping 7| is called a homomorphism of A onto B.

A covers B, in symbols "A = B" if and only 1f B 1is a homomorphic image
of a subsemiautomaton of A,
A
An automaton is a quintuple ﬁ = <QA, L, sA, FA, MA> where

A A
A= <QA, r, MA> is a semiautomaton, called the semiautomaton of Q,s

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

A
called the final states. The event accepted by 3 is {x € )* | sAxA € FA}.

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 [g} is

a star-free event over ¥. If U, V < ¥% are star-free events over T,
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then U U V, U (the complement of U relative to y¥*), and UV (the concatena-
tion of U and V) are star-free events over L. An event is star-free

over ¥ only by implication from the preceding clauses,

By DeMorgan'’s law, UNV =0y ¥ 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 kU 20

such that for all x, y, z € v

k k +1
Xy Uz Ele xy u 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 kU consecutive y's have

occurred in an input word,

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

regular event,

Proof. The singleton [g} is trivially a noncounting regular event for
every g €% (choose k{cl = 2){ so it 1s sufficient to show that if U
and V are noncounting regular events over 7, then so are U uv, ﬁ, and
uv,

Let k = maxka,kV}. Then for any x, y, z € v+, xykz EUyv

k k-k ) 2 K+ k-k
© Xy U(y Uz) €U or xy (y kvz) € Ve xy v {y z) € U or
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kvH(yk’kv k+

Xy - z)}) € Ve xy 1z ¢ UyYV., Thus, Ul V 1is a noncounting
regular event with kUUVﬁ max[kU, kv‘.

k . k - ke H kgt
Similarly, xy U € 0exy U, £ Ue xy v, £ Ue xy Uy €0,

so that U 1s a noncounting regular event with ky = k.

k
Finally, let k = 2-max{kU,kV}+ 1 and suppose xy z € U V. Then

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

k/2

u = xyk/zw for some w € ¥*, or that v = w'y

k -
the first case, W = xyk/ZW = XY U(Yk/z ku

Ky
-k k/2 +1
xy U (yk/z U xy /

z for some w'e ¥, In
w) € U implies that

w) = w € U since U is noncounting., In the

second case, V = w'yk/zz € V similarly implies that w'yk/2 +Tz
]

€ V.
Hence, in either case xyk+lz € U, Conversely, if xyk+1z € UV the
argument can clearly be reversed to show that xykz ¢ yv, Thus, UV is

a noncounting regular event with k., = 2-max{kU,kV}+ 1. Q.E,D.

k
If U {s a noncounting regular event over T and g €L, theng UG U

implies that U contains all words in g* of length at least kU. Therefore,
either UNo® or UN g* is a finite event, The regular event (oog)* 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 < £ is a congruence relation,= (mod U),

on 1% defined for w, y € T% by:

w=y (mod U) @ (¥x, 2z €T¥)xwz €U xyz € U],
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Noncounting regular events are thus those regular events U such that

ky kil
y =Y (mod U) for all y € ©*.

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 1s an automaton
ﬁ accepting U (viz., the reduced automaton accepting U) such that

A
x=y (mod U) ®» x = yA.

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

elements form an abstract group under multiplication in 8. A semigroup
is group-free if and only if all its subgroups are isomorphic to the
trivial group with one element., A semlautomaton 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 ﬁ accepting U

such that the semiautomaton A of A is group-frée.

Lemma 2. Let S be a semigroup. If there is an integer k= 0 such that

Skz sk'H for all s € S, then S is group-Iree.

Proof. Let G be a subgroup of S, and let g be an element of G. Then

k  ktHl k, -1.k kil
g =28 implies e = g (g ) =8

(8-])k= g where g"1 is the inverse
of g in G and e is the identity of G. Hence, G = {ei is the trivial

group. : Q.E.D.

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

event,

ky vt
Proof. If U is a noncounting regular event, then y ~ = y (mod U)



kpa  kytl o, A
implies that (y U™ _ (y }" in the reduced automaton A accepting U,
k ky+1
Hence, (yA) v_ (yA) U for every element yA € GA, and GA is group-free
by lemma 2, Q.E.D,

5. DECOMPOSITiON INTO RESETS

The machine decomposition theorem of Krohn and Rhodes supplies

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

C with Q Q xQ, EA and oC for ¢ € E defined for aili sA € QA,

e}
n

s € Q by:
<5A, 8% O-C

B
<.sAoA, 8 (<sA,o>m) 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 ¢
is any semiautomaton (A w B)w C for any mappings w, and w, with appro-

priate domain and range,

Definition 5. A semlautomaton R is a reset providing Q {1,2], and

2 is the union of three mutually exclusive sets E], 22, 2 such that:

cEZ] range (cr)=”]ic€§32=>range (cr.)=f2}; andcezlm

UR = the identity on QR.

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 semiautomats AI’ AZ’ cens An such that for 71 <« i<n, Ai




A-
is a reset or else G ' is a non-trivial homomorphic image of a sub-
group of GA.
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 ﬁ, 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 T of a subsemiautomaton
of a cascade product C of resets. There is no loss of generality in
assuming that EA = 20, since the subsemiéutomaton of C obtained by
restricting EC to EA is alsc a cascade product of resets which covers

A. Choose any sC € QC such that scﬂ = sA (the start state of ﬁ) and
define FC = {q ¢ Qc [ qmEe FA‘. Then for any x € (EA)*, x EUe

sAxA c FA < scﬂ xA € FA & scxcﬂ € FA & sCxC € FC. Hence, the automaton
ﬁ with éemiautomaton c, start.state sc, and final states FC 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



A
Definition 6. For a semiautomaton A and states p, g € Q@ , the set qu

. . A* A
of p-q-inputs is fx e ) [ px = q}.

Lemma 4, Let C = B® R with B a semiautomaton, R a reset, and

w QB X EB -#ER. If qu is a star-free event (over ZB) for all p, q € QB,

b is a star-free event (over EC = EB) for all a, b ¢ QC.

then C
a

Proof. Write "g" for the (equal) sets EB and zc. By the definition
of cascade product, the first component of <p, > yc is simply pyB for
any p € QB, y €~2*- Since R is a reset, in order for the second component
of <p, 1> yc to Be 2, R must receive an input <r, g>w € Eg for some
LI QB, o €5,

Suppose x € Q(p,1><q,2>' Then pr = q and so x € qu, but also
X must equal y g z for some y, z € E*, g €Y such that: pyB= r for some
r ¢ QB and <r, o> W ¢ zg. Choose the shortest z such that x = y‘c 2
for y and g satisfying the preceding conditions. Then no prefix of =z
causes R to receive an input <s, & w € E? {where s € QB, $§ €T), i.e.,

: %

z£B. B ST .

*
Conversely, if pyB= r for <r, > @ ¢ 2§'and z £ BHJB § T for any
?

]

R ,
<s,5? w £ E], then ygz € C<P'1><q’2> providlqg Yoz € qu. Altogether,

one has:

Cep,1><q, = Bpq N LU B,y 0 Wiy 6 59)]

the ‘lefthand union being over all r € QB, o € I,such that <r,c>w ¢ 22,

and the righthand union being over all s ¢ QB, § € L such that <s,§>uw € 2?

- - » - - *
The unions in the expression for C are finite, and ¥ is

<p, I><q,2>

* —
a star-free event (f = g and $ = fohn fol), so that C<p,1><q,2> is a

star-f t. i !
Tee even The set of x € C(p,l><q,l> is precisely the set of



* B ‘
x € ¥ such that px = q and x ﬁ C<p,1><q,2>’ i.e., C<p,1><q!1> =
al tar-f t.
qu ] C<p,1><q,2>’ and so C<p,1><q,1> is so0 a star-free even

R
Since the argument is symmetric in states 1 and 2 of Q , Cab is

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

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

event for all a,b € QC.

Proof. Let R be a reset and B a semliautomaton such that QB = [pl and

EB = ZR. For ¢ € ZB, define w: QB X EB —aER by the condition <p,c>w = g.
In this trivial case of cascade product, R,, = (B 8 R for
' ° P * 1j ( )<P,i><P,j>
*
all i, j € QR. Since Bpp = (EB) is star-free, lemma 4 implies that
Rij is star-free,.

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

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

Corollary 4. Every event accepted by an automaton ﬁ, whose semiautomaton

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

Proof, Let.a € QA be the start state of ﬁ, and FA the final states,

A which is a star-free event since

. A )
The event accepted by A is ) A A

beF

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

b

This completes the proof of the following

Theorem., (Schitzenberger, Papert-McNaughton) The following are
equivalent for events U CZE*:

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 resects,
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1. PREFACE

THIS MANUAL DESBRIBES HOW TO USE THE SCOPES, 1T IS CONCERNED
MAINLY WITH SOFTWARE, AS THE HARDWARE 1S TREATED DEFINITIVELY IN
THE CARNEGIE TECH. DOCUMENT! tA VISUAL DISPLAY SYSTEM SUITABLE FOR
TIMESHARED USE' BY QUATSE, JESSE T., LATEST VERSION DECEMBER 1968,
OBTAINED FROM THE COMPUTATION CENTER DOCUMENTATION STAFF, IN ORDER
TO USE THE SCOPES, IT IS SUFFICIENY TO READ THE QUATSE DOCUMENT
AND THE SCOPE USERS MANUAL, THE QUATSE MANUAL SHOULD BE READ
FIRST, A BRIEF DESCRIPTION OF HARDWARE CONCEPTS AND TERMS IS QIVEN
IN SECTION 3 OF THIS MANUAL,

-THE SCOPES ARE SITUATED IN ROOM PH184A, COMPUTATION CENTER,
TELEPHONE EXTENSION 27, THEY ARE ON WHEN TELETYPEZS ARE ON, USUALLY
10100 AM TO MIDNIGHT AND HAVE NORMAL TELETYPE TURN=ROUND TIME,
EXCEPT THAT PROGRAMS SUBMITTED FROM SCOPES RUN AT THE BEGINNING OF
THE WAIT TIME, 1I,B,, IMMEDIATELY, TO ALLOW THE USER T0 BE PRESENT

AT RUN TIME AND TO INTERACT WITH HIS PROGRAM, AT PRESENT ONLY 3
MINUTE PROGRAMS _GaN BE RUN, AND ONLY PROGRAMS SUBMITTED FROM
SCOPES CAN INTERACT WITH THE SCOPES,

~ ONLY ALLOWED USERS CAN USE THE SCOPES, IN ORDER TO BECOME AN
ALLOWED USER, ONE SHOULD CONTACT A, H, BOND, C. G, EXTENSION 686,
THE MAIN USES OF THE SCOPES ARE EXPECTED T0 BE FORI (A) PROGRAMS

NEEDING ON~LINE DYNAMICAL: GRAPHICAL DISPLAYs AND (B) INTERAGCTIVE
PROGRAMS, THAT 1S, PROGRAMS WHICH COMMUNICATE WITH: THE HUMAN WHILE
-RUNNING, AND CAN BE BUIDED AND INFLUENCED BY THE HUMAN, THE VERY
GENERAL DISPLAY EQUIPMENT ALLOWS A GREAT VARIETY OF METHODS OF
MAN-PROCGRAM INTERACTION,

THE SYSTEM 1S STILL UNDER DEVELOPMENT AND ATTEMPTS TO USE
SOME  FEATURES WILL  YTELD THE ERROR MESSAGE YSORRY, NOT YET
IMPLEMENTED!, HOWEVER, THE SCOPE USERS MANUAL WILL' BE KEPT
STRICTLY UP TO DATE WITH CURRENT IMPLEMENTATION, THE DATE OF
REWRITING IS SHOWN ON THE FRONT COVER, BETWEEN REWRITINGS, ANY
CORRECTIONS T0 THE MANUALT ARE KEPT ON AN AND FILE, “AND CAN 3E
OBTAINED BY EXECUTING
USER CR38AB14: FILE 81/P; GET TO %) RUN,AND,TAPE}

ALLOW B PAGES AND 2 MINUTES,
FURTHER COPIES OF THE FULL MANUAL CAN BE OBTAINED BY EXECUTING
USER CR3BAB14: FILF B82/P3 GET TO %3 RUN,AND,TAPE)

ALLOW 60 PABES AND & MINUTES. o -
__OR FROM A H BOND,
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2, INTRODUCTION AND_ SUMMARY

THE SCOPES CAN BE USED OFF-LINE, THAT IS, WITHOUT USING THE
_CENTRAL PROCESSOR OF THE G-21, IN FACT, ONLY USING ONE 8X MODULE

OF MEMORY, OFF-LINE, ONE CAN ENTER CHARACTERS OVTO THE SCOPE FACE
FROM THE KEYBOARDS AND ENTER VECTORS (LINES), INE CAN ALSO ALTER

EXISTING DISPLAY BY DELETION AND INSERTION OF ELEMENTS, AND ONE
CAN TRANSLATE (MOVE) PARTS OF THE DISPLAY TO QTHER PARTS OF THE

SCREEN, THE REST OF THE G-21 CAN OPERATE NORMA_LY, THE OFF=LINE

___CAPABILITIES ARE THE SUBJECT OF J, GUATSE'S MANUAL, THEY CAN ALSO
BE USED WITH THE SCOPE MONITDR LOADED. THE SCOPE MONITOR 1S
AUXILIARY TO THE MAIN G=21 MONITOR AND WORXS ON AN INTERRUPT
BASIS, NORMAL USER PROGRAMS CAN BE PROCESSED BY THE @=21 AND WHEN
'SOME_SCOPE COMPUTATION IS NEEDED, _THE USER PROGRAM_ 1S INTERRUPTED
FOR A FEW MILLISECONDS.

IN THIS WAY THE SCOPE MONITOR CAN SNATCH BRIEF SPELLS OF
COMPUTATION 70 CARRY OUT MANAGERTAL FUNCTIONS AS DESIR=D BY THE
USER, THIS_IS DONE BY PRESSING THE APPROPRIATE INTERRUPT BUTTONS,

THE MEANINGS CURRENTLY ASSOCIATED WITH THE BUTTONS ARE SHOWN BY AN
EXPLANATORY DISPLAY. THE FACILITIES PROVIDED BY THE SCOPE MONITOR

ARE DESCRIBED IN DETAIL IN SECTION 4, THEY INCLUDE STORAGE OF
DISPLAY MATERIAL ON ™SCOPE FILES', SURMISSION OF PROGRAMS TYPED ON

THE SCOPES, THE PERUSAL AND EDITING OF TEXT, AUXILIARY DRAWING
_ OPERATIONS LIKE LIGHT-PEN TRACKING, THERE ARE DE3UGGING FACILITIES

WITH A DYNAMIC CORE DISPLAY AND ON=LINE PATCHING AND TRANSFER
_ FACILITIES,

TN ADDITION T0 INTERRUPTS PRODUCED BY THE INTERRUPT SUTTONS,
THE SCOPE MONITOR REGEIVES INTERRUPTS ONCE EVERY SECOND, TRIGGERED

BY THE G~20 REAL~TIME CLOCK, RELYING ONLY ON THESE CLOCK PULSES TO
_PROCESS REQUESTS WOULD LEAD TQ TOO LONG A RESPONSE TIME, THE CLOCK

PULSE ENABLES THE SCOPE MONITOR TO PROVIDE CONTINUOUS MODE
OPERATIONS SUCH AS THE DYNAMIC CORE DUMP, THE ROTATION MODE_AND
THE CURVE DRAWING MODE, -

INTERACTIVE PROGRAMS CAN BE WRITTEN IN ANY PROGRAMMING
CANGUAGE.,  THEY CAN COMMUNICATE WITH THE SCOPES BY USING THE '8 '
ROUTINES' PROVIDED BY THE SCOPE MONITOR (THESE ARE LI1KE | ROUTINES
IN THE MAIN MONITOR), USING THESE, A PROGRAM CAN SET UP A GENFRAL

~_ _GRAPHICAL DISPLAY AND CAN EXAMINE A GRAPHICAL DISPLAY ENTERED BY A

“THUMAN, THE HUMAN AND PROGRAM ARE TREATED MORE OR LESS EQUIVALENTLY

BY THE SCOPES, AND THE SCOPES PROVIDE A GENERAL, RAPID AND

~ TRANSPARENT INTERFACE BETWEEN THEM TO PERMIT MAN=MACHINE
COOPERATION DN A PROBLEM,
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INTERACTION WITH THE PROGRAM CAN CONSIST OF EACH READING

DISPLAY MATERTAL SET UP BY THE OTHERJ AND, IN ADBITION, THZRE ARE 5
'STATE SWITCHESY AND 2 'ANALOG KNOBS' (GIVING & QUASI-CONTINUOUS

VARIABLE), WHICH CAN BE SET BY THE HUMAN AND REZAD BY THE PROGRAM
_USING & ROUTINES, ALSO THE USER CAN DEFINE HIS JWN INTERRUPTS aAND

THE SCOPE MONITOR WILL PASS CONTROL TG THE DEFINED POINTS IN WIS
PROGRAM, WHEN HE_PRESSES THE APPROPRIATE BUTTON,

THE B ROUTINES ARE DESCRIBED 1IN SECTION 7, THERE 1§ A
'B=-PROCEDURE' IN ALGOL AND FORML,WHICH CALLS TWE B ROUTINES, AND
ALS0 MANY USEFUL IN. THESE LANGUAGES AND IN SPIYE,

. ‘SUBPROGRAMS
THESE ARE KEPT ON AND FILES AND ARE DESCRIBED IN SECTION 8.

SIMILAR SUBPROGRAMS CAN BE WRITTEN IN ANY LANGUAGE AVAILABLE ON
THE G-21,

INTERACTION WITH USER ~ PROGRAMS (AN ONLY OCGUR DURING THE
SHORT RUN TIME NF THE PROGRAM,BUT WE ARE TRYING T0 MAKE: 1T EASY

FOR ANY USER TO WRITE A 'SUBSYSTEM', WHICH WOJULD BE ESSENTTALLY
PART OF THE SCOPE MONJITOR AND  OPERATE ON AN INTERRUPT BASIS,

MODULES OF <CODE ARE KEPT ON SCOPE FILES AND SWAFPED IN BY THE
SCOPE MONITOR AS NEEDED AND AS SPACE ALLOWS, IT IS ONLY POSSIBLE
- TO WRITE SUCW "MODULES ~IN ASSEMBLY ~|LANGUAGE AND THETI® STzZE 1§
RESTRICTED TO <3K; HOWEVER, A SURSYSTEM CAN CONSIST OF AN
ARBITRARY ~NUMRER OF LINKED REENTRANT MODULES, — SUBSYSTENS ASE
. .DISCUSSED IN SECTION 9. '

”'“_*Eiéi“‘§YSTEﬁS“EUYTLIshv“Tb”TH?”SCEP?“HONTTﬁ?‘IﬁE‘UEScﬁTBEn‘TN—‘ """"

SECTIOM 103 FnR EXAMPLE, A USER SYSTEM IS NEEDED TO MOVE MATERI]AL

BETWEEN AND FILES AND SCOPE FILES, IN SECTION 11, WE OUTLINE THE
__._ INTERNAL WORKING OF THE SCOPE MQNJTOR;EBOGRAﬂA_LW*




3. OFF LINE USE,
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TERMS AND CONCEPTS

~THERE

RASTER POI
SWITCHES &

"ARE 3 SCOPES, NUM

NTS, THE 32 BUTT
ND CONSTITUTE THE

BEREN 1, 2, 3 FROM THE LEFT OF THE
__ROOM, THE SCOPE FAGE IS 10 INCHES RY 10 INCHES AND HAS 1024 X 1024

ONS ALONGSIDE THE FACE ARE THE STATE
STATE WORD, THE LOWER 2 ROWS ARE

COLORED GREEN AND ARE FOR USE BY A USER PROGRAM, WHEN A SWITCH IS

SCREEN ARE

2 "ANALOG KNOBS ' KN

BY A USER _PROGRAM;_ _THEIR Va
RANGE IS OBTAINED IN HALF A TURN,

ON IT 1S LL1T AND THE VALUE OF THE SWITCH IS 1, ON THE LEFT OF THE

0B 1 ABOVE KNOB 2, THESE CAN BE USED

LUE VARIES FROM 0 _TO0 63 AND THE FULL_

ON_THE DESK, THERE ARE TWO KEYBOARDS, USED EQUIVALENTLY,AND A

CONTROL PAN

EL. CONSISTING OF:

(1D
"WHICH DIRE

A CURSOGR CONTAROL
cTION YD MOVE THE

CURSOR ON THE SCREZEN, THE CENTRAL

BUTTON IN THE CONFIGURATION MAKES THE CURSOR MOVE FASTER, AND THE
SLEW BAR MAKES IT MOVE EVEN FASTER,

(11D

THE MARK BAR

TO ENTER DISPLAY MATERIAL ON THE SCREEN ONE FIRST NOTES FROM

THE 6TH ROW OF STATE SWITCH
THIS MEANS THAT ONE CAN H
AVAILABLE, WHICH CAN BE Ma

ES THAT THERE ARE 4 'PAGES' FOR USE,
AVE 4 DIFFERENT INDEPENDENT DISPLAYS

DE VISIRLE BY USING THE APPROPRIATE

STATE SWITCH AND SUPERIMPOSED AS DESIRED, HOWEVER, ONE SHOULD ONLY

ENTER MATERIJAL INTD ONE PAGE AT A TIME.

BEFORE

ONE CAN ENTER

TOMONTITOR, D

_MATERIAL A

PAGE NUMBER,
THE PAGE

ESCRIBED LATER, T
ND 70 DEFINE THAT

ALSN ONE MUST E
STATE SWITCH ON.

MATERIAL, ONE MUST USE TME SCOPE

5 RESERVE SOME MEYORY SPACE FOR THE

SPACE TO CORRESPOND TO THE REQUIRED
NABLE THE PAGE ONE IS USING AND TURN
THIS ALLOWS DISPLAY MATERIAL TO BE

 SETS THE STATE SWITCHES TO ENTER AND CHARACTER,

ENTERED MAN
AND THIS
" FOCUSED,

UALLY, WHEN A PAGE
DEFINES THE PLACE
T CHARACTERS MAY NOW

1S ENABLED, 1T HAS A CURSOR VISIBLE
ON THE SCREEN #HERE ATTENTION IS
BE ENTERED FROM THE KEYBOARD IF ONE

___BE  MgNIPU

VECTORS (LINES)Y MAY BE

LATED ~ WITH _ CORR

ENTERED MANUALLY AVD THE DISPLAY CAN

ECTIONS,  DELETIONS,  INSERTIONS,
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TRANSLATIONS, ETC,, AS DESCRIBED IN J,0.M, MOST OPERATIONS ARE
DONE BY SETTING THE STATE SWITCHES 70 THE ASPROPRIATE VALUES,
POSITIONING THE CURSOR AND PRESSING THE MARK BAR,  ONE CAN INPUT
DOUBLE S1ZE CHARACTERS BY SETTING A STATE SWITCH AND ONE CAN GEY
SUBSCRIPT S1ZE CHARAETERS BY PRESSING ~.,  ONE GETS BACK T NORMAL
SIZE BY PRESSING ., MARGINS ARE ENTERED BY POSITIGNING THE CURSSA
AND SETTING THE MARGIN STATE SWITCHES AND PRESSING MARK, MARGINS
AND ALL OTHER CONTROL SYMBOLS CAN NOT ONLY BE WADE VISTBLE BY &
STATE SWITCH, THEY CAN ALSO BE MANIPULATED IN EXACTLY THE SAME WAY

AS NORMAL SYMBOLS,

TO CLEAR A PAGE OF ALL MATERIAL, IT MUST BE VISISBLE AND
ENABLED, —AND "ONE THEN SETS THE CLEAR STATE S41TCH. —~ THE SPACE
RESERVED _FOR THE PAGE 1S STILL THERE AND IT IS STILL ENABLED AFTER

THE CLEAR OPERATION,

ONE SHOULD ONLY HAVE ONE PAGE ENABLED AT ANY ONE TIME, 4AS
THERE IS ONLY ONE CURSOR POSITION,

MARGINS CONTROL ONLY TEXT ENTERED AFTER THEM AND ONE CAN HAVE
- SEVERAL MARGINS ON ONE PAGE. IN THE ABSENCE OF MARGINS THE ENP OF
THE SCREEN IS AN EFFECTIVE MARGIN WHEN ONS DOES & RETURN
CHARACTER, IF DISPLAY MOVES OFF THE SCREEN IN ANY DIRECYION 1T
'WRAPS RQUND' AND APPEARS ON THE OTHER EDGBE OF THE SCREEN}
SIMILARLY FOR THE CURSOR POSITION. .

THE LIGHT PEN CAN BE USED TO POSITION THE CURSOR AT aN
EXISTING DISPLAY ELGMENT. ONE POINTS THE LIGHT PEN AT THE ELEMENT
AND THE CURSOR WILEL AUTOMATICALLY MOVE THERE, IT MAY RE NECESSARY

TO INCREASE THE BRIGHTNESS TO GET IT TO WORK,

__THE SCREEN FAEE CAN BE PHOTOGRAPHED IN COLOR OR BLACK AND
WHITE WITH AN ORDINARY CAMERA. THE ENGINEERING GROUP Hag &
POLARQOID CAMERA FOR THIS PURPOSE, ALSOD THERE 1S5 A SPECTAL HARD

COPY DEVICE,UNDER DEVELOPMENT BY THE ENGINEERING GROUP,WHIEH TAKES
AN _ACTUAL SIZE NEGATIVE IMAGE OF THE SCREEN DIRECTLY ONTOD
PHOTOSENSITIVE PAPER, S0 THAT THE LINFS AND CHARACTERS ARE BLAGK
ON  WHITE, ENGUIRIES ABOUT THIS EQUIPMENT SHOULD BE DIRECTED T0
BEAU BKRINKER,C,C, FXTENSION 75, OPINIONS AND IDEAS ON THE HARDWARE
__ _SHOULD BE SENT ToutﬁﬁjﬁNQ{NEERLNGWGRQ!P-"“THERE IS NOW AVATLABLE 4
RAND TABLET,WHICH GAN BE ATTACHED T0 EITHER SCOPE 1 OR SCOPE 3, —
1T CAN BE USED AS A POINTING DEVICE LIKE THE _IGHT PEN, BUT IN

AUDITION IT ACTS LIXE THE MARK BAR, FURTHER, IT WILL ENTER LINES
CONTINUDUSLY INTO THE PAGE GIVING  CURSOR TRACKING AND CURVE

DRAWING, INSTRUCTIONS ON 175 USE ARE TO BE FOUND IN 4 FOLDER WITH

THE EQUIPMENT, ENQUIRIES ABOUT 1T SHOULD BE SENT TO DICK SHouP,
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4, THE SCQPE _MONITOR

A, GENERAL LAYOUT AND OPTION STATE

THE SCOPE MONITOR _PROVIDES A RANGE OF FACILITIES WHICH ARE

LINKED TO THE INTERRUPT BRUTTONS, THE MEANING OF THE RUTTONS 1S
REDEF INED AS ONE USES VARIQUS 'STATES' OF THE SCOPE MONITOR, WHEN

ONE FIRST APPROACHES A SCOPE, AFTER THE SCOPZ MONITOR HAS BEEN
_ _LOADED, _IT__HAS _'THMIS SPACE RESERVED FOR SYSTEM MESSAGES!' ON THE
BOTTOM OF THE SCREEN. IN THIS STATE, EVERY INTE3RUPT BUTTON LEADS
~_TO THE 10G=IN_STATE (FIG. 1) AND THE USER MUST ENTER HIS FULL 6-21

USAGE NUMBER AT THE POSITION OF THE CURSOR,  THZ CURSOR 1S SET 8Y
THE SCOPE MONITOR AND THE STATE SWITCHES 4RE SET TO ENTER,

CHARACTER, PAGE ¢t (IF THIS DOESN'T HAPPEN, SET THEM BY HAND),
AFTER TYPING THE USAGE NUMBER, PRESS RETURN, THZ RETURN CHARACTER

IS USEC BY THE SCOPE MONITOR AS A COMPARE INTERRUPT, AND TELLS IT
TO READ IN THE CHARAGTER JUST TYPER BY THE USER, IF THE NUMBER WAS

MISTYPED, OR DOES NOT BELONG TO AN ALLOWED USER, THE MESSAGE
'SORRY NOT ACCEPTABLE! WILL APPEAR. OTHERWISE, IT WILL GO TO

OPTION STATE AND DISPLAY THE MEANINGS QF THE INTERRUPTY BUTTONS 1IN
THIS STATE, THE ORTION STATE IS THE TOP-LEVEL OF 4 HIERARCHY OF

STATES AND WITH IT ONE SELECTS ANOTHER STATE.

NOTE THE WORD 'STATE' IS USED TO DESCRIBE THE CONDITION OF
TRE SCOPE MONITOR AND THE DEFINITION OF INTERRUPTS IN THaT
CONDITION.  EACH WAS AN _ASSOCIATED SYSTEM 'PAGE® AND_SO SOMETIMES
THE WORD TPAGE' REFERS TO A 'STATE', OCCASIONALLY, THE CONDITION
OF THE SCOPE MONITOR 1S DESCRYBED AS A 'MODE', ESPECIALLY [F IT IS
DOING AN OPERATION CONTINUOUSLY, THE USE OF THESE WORDS SHOULR 3E
DISTINGUISHED FROM THEJR USE IN OFF-LINE USE, __THERE IS SOFTWARE
STATE, PAGE AND MODE DISTINCT FROM HARDWARE STATE, PAGE AND MODE.
IT IS HOPED THAT NO CONFUSION WILL ARISE. THUS THE MEANINGS OF THE
BUTTONS IN THE OPTION STATE ARE ALL 'CHANGE STATE TO =-m=-STATE!,
THE VAR]OUS STATES ARE DESCRIRED BELOW, IN EVERY STATE, INTERRUPT

0 ALWAYS MEANS GO BACK TO OPTION STATE, INTERRUPTS 17, 18, AND 19
ARE CURRENTLY USED FOR SYSTEM MAINTENANCE AND SHOULD NOT 3% USED,

“THE DISPLAYS ~USED
~ THE USER AS THEY ARE IN ALTERNATE MODE., EVEN TRUUGE FOEE & 25 o
BY THE SGOPE MONITOR, 1T CAN ALSO BE USED BY THZ USER AS A NORMAL

PAGE. L

"8y THE SCOPE MONITOR CANNOT BE ALTERED 8Y
ALTERNATE MODE, EVEN THOUGH PABE 1 1S USED

TUTTTTTTUTUHHEN TYPING IN MORE THAN ONE VALUE TO THE SCOPE MONITOR, DO &
RETURN AFIEBWEEQE_!ﬁLUE_éNEAIHEMSQQPE_EQN}TQBN“ILR_EEPOS!IIPEfIEE_WHm”

~ T CURSOR.




SCOPES

LOg ~-IN

ENTER YOUR USAGE NUMBER HERE

THIS SPACE RESERVED

FOR SYSTEM MESSAGES

FIGURE 1




IN EACH STATE. THE MEANING OF THE INTERRUPTS ARE DISPLAYED 8Y

A SYSTEM PABE, 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 DISPLAYED IN THE BOTTOM RIGHT HAND CORNER OF THE SCREEN, DURING

THE PROCESSING OF AN INTERRUPT THE NUMBER IS MADE 70 FLASH, THE
USER SHOULD_ NOT PRESS ANOTHER INTERRUPT BUTTON_UNTIL THE NUMBER

HAS STOPPED FLASHING. USUALLY THE OPERATION IS VERY QUICK. AND THE

"USER DOESN'T SEE ANY FLASHING) HOWEVER, OPERATIONS REQUIRING THE

SCOPE FILES INVOLVE THE USE OF THE DISC AND ONE MAY HAVE TO WAIT
FOR_THE DISC T0 BEQOME AVAJLABLE FOR A SECOND OR TWO, THE NUMBER

WILL ALSD FLASH WHILE TYPING IN VALUES OF PARAMETERS TO THE SCOPE
MONITOR, IN_THIS CASE, ONE CAN CONTINUE TO ENTER_PARAMETERS,

Lo@ OQuUT

PRESSING INTERRUPT 8, ON THE OPTION PAGE, LOGS THE CURRENT

USER OUT AND THE MESSAGE 'LOGGED OUT' 1S DISPLAYED,
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B. MANAGEMENT STATE

TRE “MEANTNG OF THE INTERRUPTS IN THIS STATE ARE SHOWN BY T4E
SYSTEM DISPLAY, REPRODUCED IN FIGURE 2.

“AN  ALLOWED USER HAS RESERVED FOR § SCOFE VILES § 331
1 TO 20 WHICH ARE ARBITRARY IN SIZE, HE CaAM SAV! DIQPLAV *ATERIAL

ON THESE FILES PERMANENTLY BY USING INTERRUPY 2, HE CAN HOVE TuE
CONTENTS OF A PREVIOUSLY STORED FILE TO A PAGE OISPLAYE® &Y USING

INTERRUPT 3, WHEN USING 3, SPACE DOES NOT HAVE T0 BE RESERVEN FOR
THE PAGE, IT 18 DONE AUTOMATICALLY, INDEED ANY MATER{AL 0N THAT

PAGE BEFORE IS CLEARED, ONE CAN GET A DIRECTORY OF THE &80Pk FILES
BY PRESSING INTERRUPT 5, THE DISPLAY IS LIKE FIGURE 3. {T SWONWS

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 1S PRESENT OR HAS CHANGED IN LENGTH,

INTERRUPTS 4, 6 -~ 9 HANDLE THE RESERVED SPACE FOR THE PAGES,

INTERRUPT 6, RESERVES SOME SPACE FOR A GIVEN PAGE, THE UNIT USED
IS THE BLOCK, WHICH IS 160, WORDS. THERE ARE 30 BLOCKS AVAILABLE

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

INTERRUPT 7 ENABLES A PAGE, AND 8 DISENARLES A PAGE,

INTERRUPT 9 DELETES A PAGE3 [1,E,, IT REMOVES THE SPACE
ReESERVED FOR THAT PAGE AND MAKES TT AVATLUABLE FOUR OTHER USE, USING
8 MERELY DISENABLES A PAGE AND KEEPS THE SPACE RESERVED,




N MANAGEMENY  PAGE
~ PRESS INTERRUPT NUMBER _
2.  SHVE PAGE AS SCOPE FILE
.3, READ  IN SCOPE _ FILE AS PAGE
4. __APPEND__ PAGE  TO PAGE —
5. DISPLAY DIRECTORY OF SCOPE FILES
6.,  GET BLOCKS FOR _PAGE
7. ENABLE PAGE
8, DISENABLE PASE
9.  DELETE PAGE
FIGURE 2 _
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DIRECTORY FOR LCO2

FILE BASE | LENGTH
00. 000 000
ot. 576 002
02, 535 002
03, 570 004
04, 533 002
05. 530 003
06. 525 003
07. 080 000 e
08, 000 000
09%. 000 000
10. 000 000
11, 000 000
12, 000 7000
13. 000 000
14, 000 000
15, 000 600
16, 000 000
17. 000 800
18, 000 000
19, 000 000
20. 000 000

THIS SPACE RESERVED FOR SYSTEM MESSAGES

FIGURE 3

NUNT LIBRARY
CARNEGIE-MELLON UNIVERSHTY
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INTERRUPT 4 WILL APPEND ONE PAGE TO ANOTHER S0 THAT THE SECOND
PAGE THEN HAS TWE DISPLAY MATERIAL OF BOTH, AND THE FIRST IS
___UNCHANGED . - . .

" BELOW IS gGIVEN THE SEQUENCE OF ACTIONS REOUIAFED TO LOG IN AND
SET _UP _YHE SCUPE FOR ENTERING CHARACTERS AND LINES OM THE SCREEN,

1. IF NO ONE IS LOGGED IN YET, THERE WILL JUST RE THE ONE

 LINE MESSAGE ON THE BO0TTOM OF THF SCREEN, OR ELSE THE MESSAGE
*LOGGEl' OUT', IN THIS CASE, PRESS INTERRUPT 0, THIS GBIVES THE L0Ga
IN PAGE, TYPE 1K YOUR USER NUMBER ANND_PRESS RETURN, THIS #ILL GIVE

THE OPTION PAGE.

2. __1F_SOMEQONE IS LOGGED IN ALREADY, PRESS INTERRUPT 0 =~ THIS
GIVES THE OPTION PAGE, .

i 3. IN THE OPTION STATE, PRESS INTERRUPT 2,  THIS GIVE
"MANAGEMENT PAGE.

4, IN THE MANAGEMENT STATE, PRESS INTERRUPT 6, THIS PUTS THE

CURSOR AFTER 'GET' AND DISPLAYS THE NUMBER 6 BLINKING IN THE
BOTTOM RIGHT HAND CORNER. TYPE THE FIGURE 2 FROY THE KEY30ARD AND

PRESS RETURN. THIS RESETS THE CURSOR TO AFTER 'PAGEY, TYPE 2 AND
RETURN, YOU NOW HAVE RESERVED 2 BILOCKS OF SPACE ON YOUR PAGE 2.

5. PRESS INTERRUPT 7. THE CURSOR WILL APPEAR AFTER 'BAGE' ON
LINE 7 OF THE MANAGEMENT PAGE, TYPE 2 AND RETURN, PAGE 2 IS NOW

ENABLED, AND WILL ALLOW DISPLAY_MATERIAL TO B2 ENTERED FROM THE
CONSOLE,_

6, PRESS INTERRUPT 1, THIS MAKES THE MANAGEZMENY PAGE DISPLAY
INVISIELE, A e o e

7. PRESS "THE STATE SWITCH FOR PAGE 2, YOU SHOULD SEe Ao
CURSOR, USE THE CURSOR CONTROL TO POSITION THE CURSOR, 10 TYPE IN
CHARACTERS, PRESS STATE SWITCHES ENTER AND CHARACTER AND THEN TYBE
FROM THE KEYBOARD, TO DRAW LINES, PRESS STATE SWITCHES ENTER aND

“VECTOR AND USE THE CURSOR CONTROL AND THE MARK HBAR,
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C. THE PROGRAM STATE

SEE FIGURE 4. THIS STATE ORGANIZES THE INITIATION OF USER

PROGRAMS AND USER SYSTEMS FROM THE SCOPE MONITOR, WHEN A PROGRAM

IS ACTUALLY INTERACTING WITH THE SCOPES, THE SCOPE MONITOR SHOULD

BE _PUT IN USER PROGRAM INTERACTION STATE OBTAINABLE FROM THE

OPTION STATE, HOWEVER, ALL' ORGANTZATION PRIOR TO AND AFTER THE RUN
IS DONE WITH THE PRDGRAM STATE,

~ TUSUBMIT A PROGRAM,ONE SHOULD GET SOME BLOGCKS FOR A PAGE "AND

ENABLE 1T, THEN TYPE THE PROGRAM ONTO THAT PAGE, NOTE THAT THERE

ARE "NC TAB SETTINGS ON THE SCOPESS EVERYTHING WUST BE 3SPACED BY
HAND,  ONE_ CAN KEEP PROGRAMS ON SCOPE FILES ALSO AND PUT THEM DN

THE PAGE THAT WAY, ~ONE WOULD USUALLY SET UP THZ PROGRAWM WITH THE
PROGRAM PAGE SYSTEM DISPLAY TURNED OFF, THEN OME SHOULD TURN OFF

THE PAGE AND TURN ON THE SYSTEM DISPLAY AGAIN USING INTERRUBPT 4.
THE _SUBMISSION OF A PROGRAM TAKES PLACE IN TWO STAGES, FIRST IT

MUST BE MOVED TO THE 'INPUT FILE'. THIS IS NOT TO BE CONFUSED WITH
A SCOPE FILE, _ IT IS A PSEUDO TELFETYPE RUFFER, SECOND, THE [NPUT

TFILE  WUST  BE TSUBMITTED' TO RUN ON THE G-21, 10 HOVE 1T TO THE

INPUT FILE ONE SHOULD USE INTERRUPT 2, THIS CONVERTS THE PROGRAM

TO (UPPER CASE) G-21 CHARACTERS AND PUTS iN A SLANK J03 CARD AT
THE TOP, INTERRUPT 3 MOVES A PAGE WITHOUT CONVERSION AND.1S RARELY

USED.,

USING INTERRUPT 4, ONE CAN NOW SUBMIT THE INPUT FILE, THE

VALUES OF TIME, PAGES AND SYSTEM REQUESTED ARE TYPEOD IV AND BUT
INTO _THE JOB CARD, AND THE JOB IS PLACED IN THE G-21 QUEUEZ TO 3E

RUN.

WHEN IT RUNS, ANY TELETYPE OUTPUT IS RUT IN THE 'OUTPUT

FILE', "ONE TAN LOOK AT THE INPUT FILE OR THE OUTPUT FILE BY USING

INTERRUPTS 5 AND 6, THESE MOVE THEM TO A DESIGNATED PAGE} SPACE

DUES NOT HAVE TO BF RESERVED FOR THE PAGE IN THIS UBERATION,

INTERRUPTS 7' AND 8 ARE NOT YET IMPLEMENTED BUT WIL| PERMIT A

LARGER THAN CAN BE FITTED ONTO A PAGE, AND INTERRUPTS 5 AND 6 JUST

~ PERUSAL ™ OF "THE INPUT OR OUTPUT FILE, ~ THESE FTLES ARE VERY MUCH™

LOOK AT THE FIRST FEW BLOCKS. AT THE MOMENT, ONE CAN ONLY LOOK &T
THE REST OF ONE'S OUTPUT BY GETTING THE LINE PRINTER QUTOUT, THE

- SCOPES 1, 2, AND 3 ARE EQUIVALENT TO TELETYPES NVUMBSR 5, 6, AND 7

RESPECTIVELY, AND LINE PRINTER OUTPUT IS NJUMBERED WITH THESE

REMOTE = NUMBERS. ~'ALSO THE JOB “CARD "HAS THZ WORDS STOPES AND

COURIER, WHEN THE CQURIER SERVICE 1S IN OPERATION, OUTPUT IS

~ OTHERWISE, ASK FOR IT AT THE 1/0 COUNTER,

PLACED ON THE TABLE IN PORTER HALL RASEMENT NEAT THE SCOES ROOM,
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WHILE A PROGRAM IS INTERACTING WITH THE SCOPES, THE SCOPE

MONITOR CAN STILL BE USED IN ANY STATE., THE INTERRUPTS DEFINEN BY
THE USER

MONITOR IS IN THE USER PROGRAM INTERACTION STATE.

WILL ONLY BE PASSED TO THE USER PROGRAM WHEN THE SCOPE




SCOPES 17

PROGRAM PAGE
_ PRESS INTERRUPT  NUMBER - )
e CONVERT PAGE _ AND MOVE TO INPUT FILE -
3. MOVE__PAGE (UNCONVERTED) TO INPUT FILE
4, SUBMIT INPUT FILE 1t TIME  PAGES  SYSTEM
L 5. DISPLAY INPUT FILE  AS PAGE e
6. DISPLAY OUTPUT FILE  AS PAGE
7. FORWARD TEN LINES B o
B 8. BACK TEN LINES
9. LOAD MONITOR MODULE  OF USER
1o, TRANSFER T0 ENTRY POINT  OF MODULE  OF USER
11, RELEASE MODULE  OF USER o
12.  ALLOW PROGRAM FROM SCOPE  TO INTERACT

FIGURE 4,
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SUBMISSION, AND THES LATTER INPUT FILE CANNOT BE LOOKED aT B8R~

___ _ALTERED, HENGE, IF YOU HAVE MADE A MISTAKE IN YOUR PROGRAM AND

HAVE ALREADY SUBMITTED IT, YOU CANNOT RECALL ITy IT WILL BE RUN,
IF_YOU RESUBMIT, PROBARLY BOTH WILL RUN,

_ _PROGRAMS, AND THEY CAN ONLY RUN FOR 3 MINUTES} HOWEVER,THE WAITING

IN HANDLED DIFFERENTLY, TO MAKE 1T EASIER FOR THE USER TO 3f
PRESENT WHILE HIS PROGRAM IS RUNNING, ON SUBMISSION OF THE PROGRAM

T SEOPE PROGRAMS ONLY HAVE THE SAME PRIORITY 4§ NORMAL TELETYRE ™ =~

IT GOES TQ THE TOP OF THE QUEUE (SM PRIORITY) AND WILL' PROBABLY
_...RUN WITHIN 10 MINUTES OF SUBMISSION,  THE _SCOPE MONITOR COMPUTES,

AT THIS TIME, THE ALLOWED TIME OF NEXT SUBMISSION, ALLOWED TIME =
_ IREAL__TIME = (TIME OF SUBMISSION OF CURRENTLY RUNNING PROGRAMY) =+

REAL TIME,

A _SUBSEQUENT ATTEMPT TO SUBMIT A PROGRAM WI.L YIELD THE ERROR

MESSAGE 'SORRY NNT ACCEPTABLE', IF THE TIME THEN IS REFORE THE
ALLOWED TIME, WHEN A& PROGRAM 1S QUFUED THERE 1S NO INDICATION THAT

IT 1S QUEUED. WHEN 1T FINISHES, THE SCOPE MONITOR RISPLAYS THE
MESSAGE 'OUTPUT__READY' AND THE USER CAN FIND TELETYPE OUTPUT IN

THE OUTPUT FILE.

INTERRUPTS ¢ =~ 12 ARE NOT YET DEBUGGED AND ARE FOR WRITING

'"USER SCOPE MONITOR SUBSYSTEMS' OR 'USER MODULES', MODULES ARE
DISCUSSED IN SECTION 8.




D. THE DEBUGQ STATE

) - SEE FIGURE 5, THIS DISPLAYS & DYNAMIC CORE GUMP OF ANY REGION
__OF GORE OF THE G=21, THE REGION DISPLAY IS SELECTED AY TURNING THE
ANALOG KNOBS AND SETTING THE STATE SWITCHES. ~ XNO8 1 18 THE LAST

TWO OCTAL DIGITSs __KNOB 2 THE MIDDLE TWOs AND THE BOTTOM ROW OF

STATE SWITCHES IS THE TOP 4 BITS OF THE ADDRESS, WHILE THE DUMP 1§

BEING DISPLAYED, IT IS TYING UP THE G-21, AND THE USER PROGRAM IN
LOWER CORE IS NOT BEING PROCESSED; HOWEVER, INTERRUPTS GAN 3E
PROCESSED, _ THUS THIS FACILITY SHOULD @E USED SENSISLY AND

~ CERTAINLY NOT LEFT DISPLAYING FOR A4 LONG TIME,

THE INTERRUPTS ALLOW ONE TO PATCH THE CORE, THIS IS DONF 3Y

“"“5Uf?IN§_ikﬂﬂﬁﬁéﬁwfﬁfﬁ"TﬁE‘1N5U7méﬁkfffﬁ€"ﬁééUE”§TKf§Wf§“§ﬂ?§ﬁ€ﬁ_fﬁkfﬁ_""—
CORRECT MODE, AND THE CURSOR 1S ENABLED, ONE MOVES THE CURSOR TO

THE INPUT BOX AND CORRECTS THE CONTENTS OF 1T3 THEN ONE SAGULD BET
OUT OF CORRECT MODE.

INTERRUPT 1 CUEARS THE CONTENTS OF THE INPUY BOX TO ZERDS

INTERRUPT 2 STORES THE CONTENTS OF THE INPUT ROX IN THE
LOCATION OF THE OCTAL DUMP WHIGH IS UNDERLINED,
INTERRUPT 3 PUTS THE CONTENTS OF THE UNDERLINED LOCATION INTO
- THE INPUT ®OX. '
INTERRUPT 4 SWAPS THE CONTENTS OF THE INPUT 30X WITH THOSE OF
THE UNDERLINED LGCATION, B
_____INTERRUPT 5 ALLOWS ONE TO TRANSFER TO 4NY LOCATIONI ONE
FLACED THE LOCATION [N THE INPUT 60X AND THEN PHESSES INYZRAUPT 5-
__..THIS DOES A TRM WITH CONTROL OFFs HOWEVER, NOTE THAT CE AND PE ARE
SET FOR THE SCoPE MONITOR, SO THAT =~~~ — = = = meme
_ 1> __THE USER HAD BETTER_BE§EI”IEEﬁT__wM4m”n_m,gm__k”ﬁn__gﬁ___bﬁu__m,,

TO HIS OWN VALUES,
(11) HE MUST_KEEP_ CONTROL OFF,

ALSO NDTE THAT
. (111) HE MUST RETURN THROUGH HIS MARK,

 _IF 1y X1y DRTEIIT) ARE VIOLATED, 7 YOU WILL PROBABLY DESTROY ~— = -
— .THE ENTIRE WORLD, "
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THE USER CAN L 00K AT ANY REGION OF CORE})

HOWEVER,

HE _CANNOT

ALTER

DR TRANSFER TO AN ADDRESS 'IF IT IS NOT

IN 170 TO ¢73000, _IF HE TRIES TO DO SO, THERE

FROM THE SCOPE MONITOR.

IN USER CORE, I1.E,,
WL RE NO RESPONSE
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DEBUG PAGE
0. OPTION PAGE
B 1. CLEAR TNPUT
2. STORE TNPUT
X, LOAD INPUT FROM MEMORY B
4. SWAP INPUT T ““ - }
85, TRM
- 00000000000
005344 00000000467 00000073626 00000001453 040500055837
005350 01550000100 04730005632 00050000400 05550006732
005354 01730006732 01770007546 00000000006 00050060004
005360 00170005353 00050000002 01770076666 01770005300
005364 00000000000 01770003106 01770063106 00170004312"

THIS SPACE RESERVED FOR SYSTEM MESSAGES

FIGURE 5




TEXT HANDLING MODE

- PRESS INTERRUPT NUMBER

2. SELECT PAGE

3, SELECT FILE

4, FORWARD TEN LINES

5. BACKWARD TEN LINES

6. GET TO $

7. DUMP

8. NAME CURSOR POINT TO BE

STRUCTURE POINT

9. UNNAME STRUCTURE POINT

10, GET TO POINT

11, DISPLAY DIRECTORY OF STRUCTURE POINTS

12, READ BLOCKS: AT BLOCK FILE TO BLOCK PAGE

13, WRITE BLNCKS AT BLOCK FILE TO BLOCK PAGE

FIGURE 6




E. TEXT HANDLING STATE

SEE FIGURE 6, THIS STATE Is NOT YET DEBUGGED, — IT NOE§ TWE™
MOVEMENT AND SCROLLING ('ROLL ROUND') OF TEXT, IT IS DISTINCT FROM
THE TEXT EDITING SYSTEM WHICH IS BEING DEVELOPED BY MIKE COLEMAN

AND IS _CONCERNED WITH TEXT MANIPULATION ON THE PAGE TO AUSMENT THE
FACILITIES PROVIDED BY THE HARDWARE,

___ TO PERUSE SOME TEXT, 1T MUST BE ON A SCOPE FILE, 1IT CAN 3E
MOVED ONTO & SCOPE FILE FROM AN AND FILE BY USING AN AUXILTARY
SYSTEM (Q,V.). AUXTLIARY SYSTEMS WILL MOVE TEXY FROM AN AND FILE

IN G-20 CHARACTERS AND CONVERT AND MOVE TG A SCOPE FILE AND WILL
. MOVE_IT _BACK _AND CONVERT IT BACK, OR WE CAN MOVE IT IN SCOPE
CHARACTERS UNCONVERTED BETWEEN ANN FILE AND SCOSE FILE AND ELWAYS
. KEEP IT_IN SCOPE CHARACTERS, UNTIL IT IS NECZSSARY TO PRINT IT
OUT. 1T IS SUGBGESTED THAT DOCUMENTATTON USE THE LEAD SYSTEM (§Zg
SEPARATE WRITE.UP), IN WHICH ONE INSERTS TYPESETTING COMMANDS INTO

THE TEXT, SO IT [S PRINTED OUT IN A PRESCRIBED FORMAT, THE LEAD
. COMMANES cOuULO BE KEPT IN ALL THE TIME AS PART OF THE TEXT, IT IS
HOPELD EVENTUALLY TO BE ARLE TO QUTPUT ON THE LINE PRINTZR OF THE
360 WHICH HAS UPPER AND LOWER CASE CHARACTERS,  THE G-20, OF

" COURSE, HAS ONLY 44 CHARACTERS, INCLUDING ONLY UPPER CASE [ETTERS,
HAVING GOT THE DOCUMENT INTO A SCOPE FILE, ONE SELECTS THAT FILE

USING INTERRUPT '3 AND SELECTS A PAGE T0 WORK ON JSiNG TNTEZRRUPT 2,
THIS WILL AUTOMATICALLY GET 5 BLOCKS (AS MUCH AS CAV REASONABLY 3E
SEEN OUN ONE PAGE) FOR THAT PAGE “AND ENABLZ 1T, TTHERE 1S &
SPECIALLY RESERVED FILE USED FOR A SCRATCH ARZA AND ONE CAN NOW
~ROLL THROUGH THE TEXT USING INTERRUPTS 4 AND 6, THIS SUCCESSTVELY
BRINGS IN 'TEXT FROM THE SELECTED FILE ONTO THE BOTTOM OF THE

SELECTED PAGE AND MOVES THE TOP OF THE PAGE INTO THE SERATCH AREA,
_____ONE CAN USE THE HARDWARE FEATURES TO ALTER THE TE&XT, AND ALSO THE
SOFTWARE TEXT EDITING FEATURES PROVIDED BY THE TEXT EOITING MOBHE:
FINMALLY, TO PUT THE EDITED TEXT ONTO A FILE (WHICH C4N BE THE SAME

- ONE) ONE EXECUTES GET TO §, WHWICH PUTS EVERYTHING IN THEZ SCRATCH
AREA, SELECTS A FILE, AND EXECUTES DUMP, ONE MAY NOT BE A3LE TO

BACK UP ™ THE TEXT ONTO ~THE SANME FILE AS 1T MAY WAVE ALTERED TN
_LENGTH; HENCE THE DUMP PROCEDURE SHOULD ALWAYS BE FOLLOWED, IN

ORDER TO WORK MORE ZASILY, ESPECIALLY WITH LONG FILSS, INTERRUPTS ™~
8 TO0 43 PROVIDE THE FACILITY OF IMPOSING STRUZTURE ON OJTHERMWISE

AMORPHGUS TEXT. THE ~ TEXT IS TREATFD AS A VZRY [ONG STRING DF

CHARACTERS AND CONTROL CHARACTERS, THE USER CAN NAME ANY POINT IN

THE TEXT, BY A 6 CHARACTER NAME OF HIS OWN CHOIZE, BY GETTING THE
_.TEXT ONTQO THE SCREEN, PLACING THE CURSOR AT THE POINT AND USING
INTERRUPT '8, ONE CaN MOVE THE POINT REFERENCED 3Y & GIVEN NAME 3y
__SIMPLY USING B AGAIN. ONONE CAN REMOVE THE NAME A_TOGFTHER 3Y USING
9, AND ONE CAN DISPLAY 4 DIRECTORY OF NAMED POINTS CURRENTLY ussp -
. BY PRESSING INTERRUPT 11. ONE CAN THEN GO IMMEDIATELY TO ANY NAMED
POINT AND WORK FROM THERE WITH 4 AND 5. AS THE TEXT MOVES HECKWARD
. AND FORWARD, THE SCOPE MONITOR KEEPS TRACK OF THZ LOCATIONS OF THE




NAMED POINTSS 1T ACTUALLY PUTS A SCOPE NO-OP COMMAND (NO OPERATION
COMMAND) AT THE NAMED POINT, THE USE OF LINE NUM3ERS IS CUMBERSOME
__TO PROGRAM, _WASTEFUL OF STORAGE SPACE, BUT, MORE IMPORTANT, VERY

MISLEADING IF BACKWARD AND FORWARD MOTION AND ARBITRARY INSERTION
___AND DELETION ARE ALLOWED. _HOWEVER, SOME STRUCTURE IS NEEDED, AND
THIS HAS BEEN MADE AS FREE AS POSSIBLE,

- F.  USER MaNual S o

1T IS HOPED THAT THIS USER MANUAL WILL BS DISPLAYABLE FROM
THE SCOPE MONITOR) HOWEVER, THIS 1S NOT YET IMPLEMENTED.
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G. DRAWING STATE

SEE FIGURE 7.  THIS STATE 1S INTENDED TO PROVIDE EXTRA
FACILITIES FOR CGONSTRUCTING DISPLAY MATERIAL, NONE_OF: IT IS

T DEBYGGED,

INTERRUPT 2 SELECTS A PAGE FOR ATTENTION,

INTERRUPT T PUTS ONE IN A ROTATION MODE., IN THIS MORE, AS ONE

TURNS ANALOG KNOB I, THE VECTORS ON THE CURRENTLY SELECTED PAGE
ARE ROTATED ABDUT THE POSITION OF THE CURSOR,

INTERRUPT 4 PUTS ONE IN TRACKING MODE. THIS PUTS 4 TRACKING

"7 FIGURE ON THE SELECTED PAGE, ONE CAN THEN USE THE LIGHT PEN TD

MOVE THE CURSOR AROUND.

T INTERRUPT 6 PUTS ONE N GURVE DRAWING MODE, IN THIS C&SE, &5
ONE MOVES THE CURSOR WITH THE LIGHT PENs A CURVE IS DRAAN

PERMANENTLY INTO TNE PAGE,
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DRAWING MODE
- PRESS INTERRUPT NUMBER
2 SELECT PAGE
3 ROTATIONAL MODE
) 4. ____ TRACKING MODE _
5 CURVE DRAWING MODE

FIGURE 7
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H. USER PROGRAM INTERACTION STATE

"AND  GIVING THE INTERRUPT

BY THE USER PROGRAM, THE USER PRDGRAM DEFINES THEM BY CALLING B25,

EXPLAINED IN SECTION 6, ONE CAN ONLY GET INTO USER MODE WHILE TWE

ENTRY POINT IN THE PROGRAM, ' THIS 1§

PROGRAM 1S ACTUALLY RUNNING,

I. TEXT EDITINT

“STATE

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

T ERROR MESSAGES FROM THE SCOPE MONITOR ARE FEW 4ND TUNHELPFUL.
__IT 1S usuaLiy POSSIBLE 70 RECOVER AND_JUST CARRY ON FROM THE
OPTION STATE AFTER aN ERROR, A AR

1. _SORRY ROUTINE NOT YET IMPLEMENTED,

2, SORRY NOT ACCEPTABLE. - INDICATES AN ARGUMENT IS NOT
ACCEPTABLE, _USUALLY _OUT OF BOUNDS,  ATTEMPTS TO USE A PAGE WITH

NUMBER NOT IN (1, 4], ATTEMPTS TO READ IN A SCOPE FILE WITH
NOTHING _ON LT, _ATTEMPTS TO ALTER CORE_LOCATIONS NOT IN USER CORE

WILL EVOKE THIS MESSAGE, THE STACK IS CLEARED,

3. UNSPECIFIED INTERRUPT, 1IF ONE PRESSES BJTTONS NOT DBEFINZD

BY THE SYSTEM DISPLAY,

4, MULTIPLE INTERRUPT ERROR WILL OCCUR IF MORE THAN ONE

"INTERRUPT 1S REQUESTED; FOR EXAMPLE, IF ONE IS 3IEQUFSTED BEFORE &
PREVIOUS ONE HAS BEEN PROCESSED. . ALL INTERRUPT REQJESTS ARE
REMOVED, AND YOU MUST REREQUEST.

5. PANICQ. THIS INDICATES THAT YOU HAVE RUN OUT OF SPACE,
EITHER CORE SPACE, DISC OR STACK SPACE, IT INITIALIZES THE STACK
AND REMOVES ONTINUOUS MODE OPERATIONS, YOU SHOQULD BE ABLF TO
RECOVEFR, IF IT 18 CORE SPACE, DELETING UNWANTED CORE BLICKS WILL
HELP,

6, ADDROP <ADDRESS>. THIS SHOULDN'T EVER HASPEN, IF IT DAES,
WRITE DOWN THE VALUE OF THE ADDRESS AND SEND IT TO A, A4, BOND,
YOU MAY WELL BE ABLE TO RECOVER FROM THIS ERROR CONDITION,

7. USER ERROR. THIS INDICATES AN ERROR HaS OCCURRED IN THE
CALLING OF “A B ROUTINE BY THE USER PROGRAM,  YOU CaN REMOVE THE
ERROR MESSAGE DISPLAY BY GOING BACK TO OPTION STATE MOMENTARILY,
AN ERROR CONDITION IS INDICATED 70 THE PROGRAM AND AN ERRJR VUMBER
IS PASSED TO IT. A LIST IS BIVEN AT THE END OF CHAPTER 7.°

Tt g, T SOMETIMES: T AS A RESULT  OF TTATT SERIES  OF PARTIALLY
RECOVEKABLE ERRORS, THE SCOPE MONITOR GRADUALLY DEGENERATES AND

EXHIBITS ANOMALOUS BEHAVIOR, LIKE SETTING RANDOM PATTERVS ON THE
___STATE LIGHTS, ETC.  IN THIS CASE, IT IS TIME TO RELOAD. A.LSO0, IF
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YOU DO NOT RECOVER CORRECTLY FROM ANY OF THE ERRQR CONDITIONS, YOU

CAN RELOAD., YOU RELOAD BY PHONING THE MACHINE ROOM (EXT, 60) AND
ASKING FOR __ A RELOAD OF THE SCOPE MONITOR AT THE NEXT CONVENIENT

TIME, WARDWARE ERRORS OR FAULTS SHOULD BE REPORTZD T0 THE RESIDENT

PHILCO CUSTOM ENGINEERS, C. C. EXT, 59, WHD ARE IN ZHARGE OF

HARDWARE MAINTENANCE.
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5., PROGRAMMING FOR GRAPHICS.

ST TR UTYPICAL  OUTPUT DEVICE,LIKE A DISC  OR PRINTER,AITH AN
__AUTONQOMOUS GONTROL UNIT. WORKS_AS FOLLOWS! THE OUTAUT MATERIAL 1S

PLACED IN A BUFFER WHICH IS PART nF THE ADDRESSABLE CORE, TIT MAY
HAVE TO RE A SPECIAL AREA OR CAN BFE ANY LOCATION, THIS MATERIAL IS

IN BIT PATTERNS CORRESPONDING TO OPERATIONS PERFORMEZD BY THE
_OUTPUT __DEVICE, THE OBVIOUS CASE 1S THE CHARACTER, THZRE MAY3E
OTHERS WHICH CONTROL THE OPERATION OF THE DEVICE LIKE NEW LINE
_ETC.__ THE TRANSFER IS THEN INITIATED BY THE C® WWICH CARRIES ON
WITH OTHER TASKS WHILE THE 1/0 CONTROL UNIT PERFORMS THE 1/0
TRANSFER, THE CP AND THE 1/0 CONTROL UNIT COMMUNICATE Z1THER 3Y
MUTUALLY ALTERABLE SENSE SWITCHES OR RY INTERRUPT, THE 1/0 UNIT
WILL _ SET AN _INTERRUPT B!T WHEN READY TO START AND WHEN
TRANSMISSION 1S COMPLETE TYPICALLY. A CP CAN COMMUNICATE WITH
 SEVERAL DEVICES EACH HAVING ITS OWN CHARACTER SET, SO THAT THE
INTERNALLY STORED VALUES DO NOT HAVE ANY INTRINSIC EXTERNAL
REPRESENTATION, SUCH REPRESENTATIONS ARE PROPERTIES DF THE 1/0
DEVICE, INPUT FROM A TYPEWRITER USUALLY TRANSFERS A SINGLE
CHARACTER OR LINE_OF CHARACTERS To A BUFFER AND INTERRUPTS THE CP
WHIGH READS FROM THE BUFFER TD A PACKING AREA. SCOPES ARE SOMEWHAT
MORE GENERAL. THE 1/0 MATERIAL IS PLACED IN A BUFFER FOR THE SCOPE_
CONTROLLER TO nISPLAY, MOST OF THIS MATERIAL HAS TO 8E INTERPRETED
AS COMMANDS TO THE SCOPE, MOST SCOPES ARE RANDOM SCAN TURES,
MEANING THAT THE BEAM CAN MOVE EQUALLY EASILY TO ANYWHERE ON THE
TUBE FACE ANN_FURTHER IMPLYING THAT ONLY THOSE POINTS EXPLICITLY
MENTIONED WIlLL BE SCANNED, THIS 1S IN CONTRAST TO a TELEVISION
WHERE EVERY POINT ON THE FACE SCANNED IN TURN, QUR SCJUBES ONLY
HAVE TWO LEVELS OF BRIGHTNESS, BAUT SOME HavE FIVE OR MORZ,
TELEVISION HAS A LARGE RANGE OF BRIGHTNESS AVAILABLE, THJS THE 1/
O MATERIAL CONSISTS OF A SERIES OF COMMANDS TO THE BEAM TO MOVE TO
A CERTAIN POINT, DRAW A LINE TO ANOTHER POINT, VOW MOVE SOMEWHERE
ELSE, NOW DISPLAY A CERT AIN CHARACTER AND SO ON. THERE MAY RE
SPECIAL BITS FOR BLANKING CERTAIN ELEMENY S, ALTERING THE SIZE
ETC. ALSO THE SCOPES OUTPUT FUNCTION IS A REGENERATIVE 30 CESS
AND WE HAVE TO INSTRUCT THE BEAM TO DO THE SAME SCAN SEVERAL TIMES
A SECOND TO GIVE A CONTINUOUS DISPLAY, THJS A TYPICAL BLOCK
_ _USUALLY OF WORDS OF GRAPHIC _ _ ' .
1/0 MATERIAL 18§ SOMETHING LIKE THIS!
Al START SCANNING HERE
_ MOVE TO X0,YO
DRAW LINE TO X1,Y1
DRAW LINE TO Xx2,vY2
MOVE TO X3,Y3
DRAW CHARACTER NO 32
LOOP RACK TO A1 e
~OUR SGOPES HAVE A VERY NICE WAY OF SCANNING, THE DISPLAY MATERTAL
1S SETUP AS RE LOCATABLE BLOCKS WITH TRANSFER COMMANDS WHICH MUST
CONNECT UP TO GIVE A LOOP AROUND WHICH THE SCOPE SCANNER DP=HATES,
THE QISPLAY_HATERIAL”NU§IﬂBE“INHONEMSE_ECIAL REGION OF ADDRESSABLE
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G-20 CORE VIz. /160000 TO /177777, THE ADDRISSES USE D 3y THE
SCOPE  SCANNER ARE RELATIVE TO /160000 AND THEREFDRZ RANGE FROM 0
10 717 777, REACH 0OF THE THREE SCOPFS CAN HAVE 4 PARES AND INDEED
T EACH PICTURE IN THE CORE 1S A SEPARATE MODULE OF DISPLAY MATERIAL,
THE LAYOUT IS SOMETHING LIKE THIS!
o A1 DELIMIT A2 PAGE 1 SCOPE 1

DISPLAY MATERIAL

STORE COMMAND
A2 DELIMIT A2 PAGE 2 SCOPE 1 AND 3
DISPLAY MATERIAL
. _STORE COMMAND
A3 cYCcLE 70 a1
THE SCANNER ENTERS A MODULE. REMEMBERS THE FIRST 40RD, UNTIL 17

HITS A STORE COM MAND, THEN JUMPS Tn THE ADDRESS MEWTIONZD IN THE
FIRST WORD, FACH DISPLAY MODUL E CAN BE DISPLAYZD OV ONF OF PAGSS

~ 1 THROUGH 4 ON ANY COMBINATION OF SCOPES 1, 2, AND 3. THZ DISPLAY =~

MATERIAL CAN BE CHANGED BY A PROGRAM FREELY ALTHOUGH ONZ S HOULD

ALWAYS PRESENT A WELL=-FORMED DISPLAY TO THE SCaNNER,  TINRUT OR

CORRECTION OF DISPLAY MATERIAL FROM THE HUMAN AT THE SCO®E CAN 8E

ACHIEVED USING THE KEYBOA RD OR RAND TABLET. ~ THE TNRUT OF RITS
INTO THE ADDRESSBLE MEMORY IS DONE RY THE SCANNFR AS 1T SCANS

MATERIAL IS SIMPLY APPENDED TO THE END OF THE APPRNPRIATE MODULE

~ ___ NEW_MATERIAL AS REQUESTED U NTIL IT HITS AGAINST TH® NEXT DELIMIT

AND  THE STO RE COMMAND MDVED DOWN,  THE SCANNEX WILL KEZ® ADDING

ROUND, ONE OF THE ADVANTAGES OF THE MODULAR LAYDUT IS THAT NEW

T AT WHICH TIME 1T WILL GENERATE A MEMORY F ULL INTERRUPT, VOTIFYING
. THE__SCOPE MONITOR, AND WILL REFUSE TO ENTER &NY MORE, 1 N°UT
ACTUALLY 'WILL "BE PLACED IN ANY DISPLAY MODULE DESIGNATED AS
_ENABLED FOR THa T SCOPE AND THAT INPUT DEVICE, THE DESIGNATION 1§

BY MEANS OF CERTAIN BITS IN T HE DELIMIT WORD, THERE [S ONE BIT To

ENABLE THE MODULE FOR ALL _ENTRY, VECTORS AND C+ARAGTERS FROM ANY

T OF TTHE T SCOPES DESTGNATED, AND TWO OTHER BITS F0R THE K=Y35a RDS
_...FOR_THE PARTICULAR SCOPE. THE FULL DELIMIT COMMAND IS

| 3 0 Abveess Page | A | E |Kev | Scofe DELIMIT
2j Ty 24 g | 1 Y S U B | o
~THE PAGE FIELD IS 2__BITS S0 CAN BE 0=s4,1,2,3, A INDICATES
ALTERNATE MODE-USUALL Y ONLY WUSEND RY SCOPR MONITOR, = IS THE
_ GENERAL ENABLE BIT.,  KEY IS 2 BITS ONE F OR EACH XKFYRO0ARD., FOUR

- CONSOLES ARE PROVIDED FOR RUT ONLY 3 INSTALLED, IF SEVER al

_MODULES ARE FNABLED FOR THE SAME DEVICE, THE INPUT MATERIAL WILL

TBE T ENTERED IN ALL OF THEM, THE NORMAL USER NEVER SEES JR HAS' TO

BOTHER WITH THE DELIMIT, STORE O0R CYCLE COvMANIDS, THESE ARE

MANAGED FOR HWIM BY THE B ROUTINES, IT IS ARRANGHD AS & SET oF

STRINGS,FITHER CHARACTER STRINGS OR VECTOR STRINGS WITH A HEADER

COMMAND AT THF FRONT TO INDICATE THE STARTING POINT ON THZ SCRFEN,
__THUS A DISPLAY OF LLINES AND CHARACTERS S LIKE THIS

— ‘ HEADER YO X0
' VECTOR INCREMENT Y1 X1
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VECTOR INCREMENT Y2 X2

WEADER Y3 X3
CHARACTERS C1 C2 C3

CHARACTERS C4 CS C6

I [LLELEVANT, Y, X, Hea ver
31 %o 19 o 9 [

| 2 0 |[<Yy |sx|{T |8 AY AX It
T 1% 21 LA [ ) )& ] G | o '

SY, SX ARE SIGN BITS, B IS THE BLANKING BIT, [If SET THE VECTOR

~ INCREMENT IS INV ISIBLE, T IS THE TAG BIT, IF S=T THEN WILL BLINK

OR INTENSIFY IF BLINK OR INTEN SIFY SWITCHES ARE SET.,

[0 Ci Ti €} Ca2 [mnlsa C3  |1s|cz| cHmeacTERS
, |

T3 30 1§ 272 21 20 4 T 10 g z 0
T IS TAG BIT.S IS SIZE BIT, [IF SET CHARACTZR 1S DOU3LE SIZE.

~  CHARACTERS ARE SCOPE CHARACTER SET aAS GIVEV 1IN THE HARDWARE

MANUAL, IN A ALGOL-20 A WAY TO SET UP THESE WORDS IS SOMETHING

LIKE _
HEADER « BL3 + Y0 # BR 4000 + x03

« T » 2421 + Ba2+20

+ DELX#2¢10 + DELX:

CHARS « BL2 + (01 # 4 & Ty#2+51)
«2+20 ’
+ (C2%4 «T2#2 +52) #2¢1D

: + (C3#4 +T382+53)3
SUCH MATERIAL SHOULD BE PACKED INTO AN ALGOL LOGIC ARRAY IN NORMAL

CORE AND -THEN B3I CALLED 70 MOVE IT TO A DESTGNATED PASE IN THE
DISPLAY AREA, OTHER SCOPE DPERA TIONS AVAILABLE ARE

LEFT
l 3 O B X Hmlm .
3 Ly %0 9 o
RIGHT
l kT 0 B )( ' Jﬁ@ul
3| 24 20 y ¢
WHICH SET HARG:NS FOR MATERTAL APPEARING AFTER THEM IN THE MODULE,
: T CoMpme
| § © C

k| T4 ‘1 L1 e
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- U —

THIS SETS A CNMPARE TRAP ON A CERTAIN CHARACTSR KEYROARD ENDING

AFTER THIS WORN IN THIS MODULF,

_ 1S ENTERED .IN .THE MODULE AND AND INTERRUPT IS GENERATED 3Y THE
SCANNER,
_TO A USER PROGRAM ENTRY POINT IF DESIRED, . _

IF THIS CHARACTEZR IS TYPZD IN, IT

THIS 1S PROCESSED BY THE SCOPE MONITO R AND CAN 3F PASSED

0 |

NoN ZERQ

31 30

PROGRAM
CSTARTIN

G_AT (2n0,5003,

21 =%

NO-OP___HAS _NO EFFECT ON THE
INFORMATION AR0UT TH E PICTURE
~PROCESSING, _ NOTE _THAT_ DOUBLE _.
SETTING THE SI7€ BIT,
-.JHE__SU3SCRIPT SHIFT CHARACTER

SEG MENT IN ALGOL~20

LOGIC ARRAY A[1:201}
At1)+«HEADER(20N,500)}

SCANNER,
WITH
SI7E_CHARA CTERS ARE O3TAINER 3Y
BUT SUBSCRIPT SIZE CHARACTERS BY INC LUDING

CAN 8% USED FDR XEEPING
THE PISTUNE FOR CONVIENT

IN_THE_STRING, AN EXAVPLE OF A
FOR DISPLAYING A SVUARE SIDE 100

AL2]«VECTORELOND,D,0))

Al4)«VYECTOR(=100,0,0)3
A{'SJ‘-VECTOR(U.-lI‘]O 0):77
B(3,.0C(Al1), PAGE, 0,0,

Al31«VECTOR(0,200,0%s

Gy

TQ ALSO PUT_THR_WORD_'SQUARE' AT (200,300) WE CAV USK Bg . TO CONVERT

TO THE SCOPE CHARAGTER CONVENTIONS

_Cl11+130QuUaA" 3

gt2l«*RE ' 3

BC0,LNC(CI13), LOCCAL7]), ¢

AL6Y+HEADER (200,300);

B{3, L OCLQ_[‘Q_I__!_,_E_AQE 1 0.0)3

6,0,0)8

USING THE SCHOPE  ALGOL LIBRARY, ONE

ACHIEVED BY

LINE(300,500,300,400);
LINE(300,400,300,400);

- BUT WOULD BF M0ORE WASTEFUL,
AND VECTOR TN CREMENT WORD.

_GENERALITY IN SETTIN G UP A DISPLAY,

_ LINE(200,500,300,500)5

DOESN'T HMaVE 10 USE THIS

THE SAMZ DISPLAY COULD 38

LINE{200,400,300,500)¢
___Al1lersSnuar;
Al2letRE '3

B(2,L0CCAL11),2,200,300,PAGE);

AS EACH CALL

OF LINE PRONDUCES A HEADER
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6. WRITING INTERACTIVE PROGRAMS,

A. THE B ROUTINES

TTUALL CINTERACTION  C BETWEENT PROGRAM ™ AND™ " THE "STOPES IS

ACCOMPLISHED AY USING THE R ROUTINES, THE B ROUTINES ARE ACCESSSD

T TROUTINES IN THE SCOPE SUBPROGRAM LIBRARY (SECTION 77, THUS IN
ALGOL~2p OR FORMULA ALGOL ONE SIMPLY WRITES: =

THROUGH A SPEGTIAL INTERFACING ROUTINE, THESE MECHANISMS NzED NFVER
BOTHER THE AVERAGE USER, 1F HE SIMPLY USES T4E COUPIES 0F THE 8

B (BNUM., ARG1., ARGZ2, ARG3, ARG4, ARGB)j; AND IN SPITE

REQUIRED. NOT ALL ARGUMENTS ARE USED FOR ALL B 30UTINES, MOST OF
THEM HAVE TO DO WITH PASSING INFORMATION FROM THE PROGRAM TO THE

SCOPES, RBUT & FEW GO THE OTHER WAY; FE.G.,, B8, AAICH READS THE
ANALOG KNORS, IN THE DESCRIPTION OF THE B ROUTINES, A3lGi, ETC,

 ARGUMENTS ARE CHANGED BY A CALL ON A B ROUTINE, AND THIS CAN LEAD

ARE DENOTED BY R62 E7C.  IT IS TO BE NOTED THAT THE VALUSS OF THE

TO HAVOG: E.G.», CALLING B8 WITH 7EROS FOR ARGUMENTS 4 AND 3 WILL
CAUSE THE ALGOL CONSTANT 0 TO BE REPLACED BY AVOTHER VALUE., TO

AVOID THIS ONE CAN USE A GLORAL BOOLEAN VARIABLE OUT, IF OUT IS
FALSE, THEN NO OUTPUT OF VALUES WILL OCCUR, AND NO OVERAWRITING

WILL OCGUR, TF OUT TS TRUE, GUTPUT WILL OCCUR, AND, IN THIS CASE,
ONE CAN PUT SOME DUMMY ARGUMENTS IN THE PARAMETER LIST, IF THE

LOCATION OF SOME DATA IN AN ARRAY OR SCALAR IDENTIFIER S NEEDED,

ONE MUST USE LIARARY INTEGER PROCEDURE LOC 1IN ALGOL JR FORML,

WHTGH FINDS THE ADDRESS WHERE THE ACTUAL VALUES &RE STORED,  THUS
LOC (A {1]) IS THE ADDRESS CONTAINING THE VALUE OF Af11. LOC IS IN

—THE SCOPE LIBRARY FOR ALGOL OR FORML, 1IF YOU NEZD THE LOTATION OF

— PROCEDURES PROGLOC OR UABELLOC RESPECTIVELY IN ALGOL-20,  ALL THE

A PROCEDURE ENTRY POINT OR LABEL, YOU USE THE LIBRARY INTEGER

ARGUMENTS TO 8 ARE INTEGERS, IF AN ERROR OCCURS ON CALLING B DUE

0 INCORRERT ARGUMENTS, B WILL PRINT AN ERROR MRS§AlE AND S=T

BNUM= =1, THE REASONS FOR ERRORS ARE DESCRIBED IN DETAIL IN THE

~~—ESCRIPTION —OF THE B ROUTINES IN SECTION 6.  THE OETAILS OF THE

T EVEL THAN THRE 8 ROUTINES, THERE ARE SEVERAL USEZUL SU3PROG

INTERFACE ARE GIVEN IN SECTION 10, IN ADDITION, AND ON A HIQGHER

ALGOL, FORML AND SPITE IN THE LIBRARY FOR DOING HIGHER LFVEL

RAMSTIN

T TASKS, FOR EXAMPLE, PROCERDURE HUM (X, Y, M) WILL TAKE A REAL

VARIABLE N AND DISPLAY IT AT X,Y IN ~5D.3Z (OR 78,3) FORMAT, THE

TTFULL 1707 FACILITIES 0F ALBOL=20 CAN RE USED TV READING FROM AND

~ "SgoPE  LIBRARY PROCEDURES READ.PAGE AND PRINT,ON,PAGE JAMTICH ARE T T

'PRINTING® TO THE ODISPLAY PAGE, THIS IS SIMPLY ACHIZVED JSING THE

EXACTLY ANALOGOUS TO READ(CW>) ANN PRINT(<HW>). E,.G, READ,PAGE

“”"ﬁEEDS“Ad@ARﬁ”?hbH“TQE"SﬁbPE‘?EﬁE“]Nfﬁ_K“éUFFEﬁ?ﬁwﬁﬂTﬁﬂ_ﬁiV“THEﬁ_gg

READ IN THE USUAL WAY WITH A READ STATEMENT, AT 2RESENT, 4 PROGRAM



CAN __ONLY INTERACT WITH THE SCOPES IF IT HAS BEEV SURAMITT=D FROM A

SADPES 35

SCOPE AND IF THE JOBCARD USER IS LNGGED IN ON THAT SCOPE, AT THE
__ TERMINATION OF A USER _PROGRAM CONTROL GOES TO 10 AND THENGE BACK
TO 'SCOPE MONITOR TO ALLOW IT TO UNSET ALL THE SWITCHES SET 3Y THE
.. PROGRAM, HENCE THE USER SHOULD NOT PATCH 10.

BEFORE INTERACTEION CAN OCCUR THE PROGRAM MUST ANNOUNCE ITSELF
_.BY CALLING R=1,

TTT0 DISPLAY TEXT, T ONE'S™ PROGRAM WILL NORVALLY SET IT UP IN
G-20_ CHARAGTERS, SO ONE__HAS TO CONVERT TO SCJOPE CHARACTERS AND

MOVE IT TO THE SCOPE DISPLAY REGION,

B0 AND B 1 WILL CONVERT TEXT RETWEEN G-20 CHARACTER SET AND

~ SCOPE CHARACTER SET.

B 2 CONVERTS TEXT AND MOVES 1T TO DISPLAY REGIIN IN ONE

OPERATION,

B 3 MOVES 4 REGION ALREADY IN SCOPE FORMAT TO THZ DISPLAY

REQGION,

TO DISPLAY VECTORS, ONE MUST SET THEM UP IN a LOGIC ARRAY AND

USE B 3, ONE CAN EASILY SET UP A DESIRED LOGIC ARRAY USING
PROCEDURES HEADER, VECTOR, LINE, CURVE, ETC, 815, 816, §17, B18

ONE MUST RESERVE SPACE IN THE DISPLAY Arza 8Y CALLING B15;
THE PAGE DOES NOT NEED TN BE ENABLED FOR THE PROGRAM TD ENTER

DISPLAY MATERIAL 8UT NEEDS TO BE ENABLED FOR THE HUMAN USER TO

ENTER DISPLAY MATERIAL,

~B16, B1i7, 818 ENABLE, DISENABLE AND DELETE A PAGE
RESPECTIVELY.,

B19 APPENDS ONE PAGE TO ANOTHER

 B20 DISENABLES ALL PAGES,

B2 AND B3 ACTUALLY APPEND NEW DNISPLAY MATERITAL YO THE
_EXISTING PAGE,
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B2 AND

ﬁwEl!EN“ARR&I_leIHE”USER”PRQGRAEL_W .

B3 IN

COPYING

B28 CLEARS A PAGE, 84 AND B5 PERFORM RECIPROCAL OPERATIONS TO

DISPLAY MATERIAL FROM A GIVEN PAGE INTO A

B4

T
INFORMATION

‘COPIES

CONVERTS

ALL

_VECTORS, THE ARRAY COULD THEN BE PRINTED OUT IN A FORMAT,

WITHOUT
AROUT THE

TEXT TO G-21 CHARACTER SzT ANQ IGNORES ALL

"CONVERSION, ~ A PROGRAM CAN ONLY DENUCE
DISPLAY BY COPYING IT INTO AN ARRAY AND

SEARCHING THE AREA FOR FEATURES LIKE KEYWORDS,

B6, B7,

B8, B1in,
KNOBS AND USER STATE SWI

311 PRO

VIDE COMMUNICATION WITH THE CURSOR, ANALOS
TCHES,

~ Be6 READS THE CURSOR.’

B7 SETS THE CURSOR,

“BE READS THE ANALOG KNOHS AND STATE ™ —
SWITCHES. - o -

T H10 READS THE STATE SWITCHES ONLY, e
B11 SETS THE STATE-;;;};;;;:WMFH N ; -
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B, USER INTERRUPTS

(1) B12,B13,822,B824 ARE FOR COMPARE INTERRU®ZTS, B13 DEFINES

~ THE USER ENTRY POINT T0 BE ENTERED WHEN A COMPAREZ INTERRUPT OCEURS ™

ON_ANY CHARACTER, THIS OCCURS IN _ANY STATE OF THE SCOPE MINITOR,

EXCEPT DURING TYPING INTO THE SCOPE MONITOR, WHICH USES A COMPARE

__CHARACTER, R12 SETS COMPARE INTERRUPT ON A SPECIFIED CHARAGCTER FOR

A SPECIFIED PAGE, B22 RESETS THE COMPARE ROUTINE TO THE STANNARD

_SCOPE__MONITUR ROUTINE, 82t REMOVES COMPARE OV A SPECIFIED

CHARACTER ON A SPECIFIED PAGE. B24 SFTS AN ENABLED CURSOR AND
INTERRUPT ROUTINE NN A SPECIFIED CHARACTER,

_USER__ENTRY POINT _WHICH 1S _ENTERED ON MEMORY 7ULL. 923 RESETS

~ (I1) B14,R23 ARE FOR THE MEMORY FULL INTERRUBT, § 14 SETS THE

MEMORY FULL ROUTINE TO THE STANDARD SCOPE MON]TOR ROUTINE,

(II1y B25 DEFINES THE USER FENTRY POINT FOR THE INTERRU?T

BUTTONS 1-15, AFTER B25 HAS REEN EXECUTED AND PROVIDED THE SCOPE
_MONITOR IS IN USER MODE, THE INTERRUPT BUTTONS WILL CAUSE AN

INTERRUPT IN THE USER PROGRAM AND FOR CONTROL TO BE PASSSD To THE
SPECIFIED PROCEDURE NR ENTRY POINT,

_INTERRUPTING USER PROGRAMS

A LABEL CAN RE USEN AS THE USER INTERRUPT ENTRY POI&NT, ~THE cope 7

ALGOL PROGRAMS

IN ALGOL-20 THE ENTRY POINT OF A PROCEDURE OR THE LOZATION 3F

FOLLOWING WILL NORMALLY MAKE DECISIONS ABQUT THE COMPUTATION AND

_WAY TQ DEFINE THE_ INTERRUPTS AND ENTRY POINT ISt

CAN BE CALLED THE USER INTERRUPT SFRVICE ROUTINE (UISHY. & SIMPLE
WH LAL T3 S
WH__ . _fnLa 0 T
AL Vo«ACC:

AL B(25,V5.,ETR)}

THE INTERRUPT ENTRY POINT WOULD THEN 0CCUR AT THE 90TTIM OF THE
PROGRAM AND RE )

WH T1 ENT :

AL ETC _

THIS CAN BE DONE SEPARATELY FOR INTERRUPTS FRIM THE BUTTINS AND
FROM _COMPARE CHARACTERS, THE ENTRY POINT IS TRANSFERED TO WITH 4
~TRE INSTRUCTION S$0 THAT CONTROL WILL BE ON TW T48 UISR UVLESS B
FIRST INSTRUCTION AFTER THE ENTRY POINT IS
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WH EXR 0 /77776,CE}

IF YOU WISH TO RETURN TO THE INTERRUPTED COMPUTATION, YOU HAVF TO
POP THE MaIN MONITOR [NTERRUPT STACK, THIS CAN BE DONE BY

RETURNING THRDUGH YOUR MARK( A PROCEDURE END IN ALGOL), SINCE THE
SCOPE MONITOR PUTS TS OWN INTERRUPT ENTRY MARK IN THE USER

INTERRUPT ENTRY POINT, IF CONTROL WAS WANDERED AROUND BEFORE THE
DECISION TO RETURN TO THE INTERRUPTED COMPUTATION HAS BEEN MADE,

YOU MAY EFFECT THE RETURN BY RETURNING TO THE SCOPE MONITOR:
HOWEVER, THE SWITOHES WILL BE UNSET BY THE CLOCX INTERRUPTS WHWILE

IN THE UISR, 80 WE PROVIDE A B ROUTINE (327) TO SET UP THE
SWITCHES CORRECTLY AND RETURN CONTROL TO THE MAIN MONITOR, IF YOU

WISH T0O PASS CONTROL TO ANOTHER POINT IN THE PROGRAM, A GO TO
STATEMENT wWIL|l EFFECT ALL THE STACK PUSHING REQUIRED SO THAT THE

VARIABLES ARE CORRECTLY REDEFINED,

PRINTING HAS TO BE CAREFULLY CONTROLLED IN ALGOL. PROGRAMS

WHICH ALLOW INTERRUPTS, IF AN INTERRUPT OCCURS DURING PRINTING aND
THE UISR PRINTS, THEN IT IS MORE OR LESS IMPOSSIALE TO RETURN TO

THE ORIGINAL LINE OF COMPUTATION, ONE CAN SAVE THE INTERRUPT PRINT
LINE AND PRINT LINE POINTER BY

LOGIC ARRAY A[~2:1201 TEMP«12513 BUFFERSET('2RINT!,A[01)}
AND RESTORE IT LATER. HOWEVER, IF THE NAME AND PRINT STATEMENTS IN

OPERATION HAVE BEEN CHANGED, ONE CANNOT RECOVER THEM, [IF THE UISR
PASSES CONTROL TO ANOTHER PART OF THE PROGRAM AND NEVER AISHES TO

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 PRINTING) BJT, ~ AS

DISCUSSED, THESE ARE NOT RIGID RULES,

EXAMPLE OF INTERRUPT DEFINITION IN ALGOL

I, USING A LABEL
BEGIN INTEGER ENPT,CSW,IN,SN,CC}

WH LBL T1}
WH . cLA D Ti

AL ENPT+=ACC:
B(25,ENPT,LOC(OSW),LOCCIN),LOC(SN),LOC(CC))!

LOOPt <CONTINUOUS ACTIONS> 3 GO TO LOOP}

WH T1 ENT 3 INTERRUPT ENTRY POINT

AL 3 ; _ .
<ACTIDONS>S G0 TO NEWACTION} ‘
WH TRA 1 T1} RETURN TO INTERRUPTED

COMPUTATION
AL 3
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11, USING A PROCEDURE

BEGIN
__LIBRARY PROCEDURE PROCLOCH =

PROCEDURE UISR}

_<ACTIONS>} 60 TO _NEWACTIONs .

END GOES BAGK TO INTERRUPTED ACTIONS
___B(25,PROCLOC(UISR),LOC(CSH),LOCCINY,LOCKSN)LOC(CC))}

<CONTINOUS ACTIONS> 3

END S

FORMULA ALGOL PROGRAMS

FORMULA ALGOL COMPILES GCODE WHICH 1S HEAVILY DEPENDENT ON

"RUN-TIME ROUTINES, IF ANY RUN-TIME ROUTINE 1S INTERRUPTED 8Y THE
SCOPE  MONITOR WHICH _THEN CALLS THE UISR WHICH IN TURN CALLS THF

INTERRUPTED RUN-TIME ROUTINF,THEN GLOBAL PARAMETERS(LIAE RETURN
_MARKS, INDEX RERISTERS AND TEMPS) ARE _SOON _FOQRGOTTEN, THEREFORE THE_
ONLY CODE WHICH CAN BE USED WITHOUT NRASTIC SAFEGUARDS IN THE UISR

~ IN FORMULA ALGNL IS CODE WHICH DOES NOT CALL ON RUN=TIME ROUTIMES,

HOWEVER [F THE UISR AND THE CODE FOLLOWING THE CALL 0N 825 ARE

__ COMPLETELY _INNEPENDENT _AND DO NOT CALL _ON THE SAME ROUTINES THEN

ONE HAS MORE FREEDOM, OPERATIONS WHICH DO NOT USE THE RUN TIME

___ROUTINES JNCLUNE STORING AND ACCESSING OF SIMPLE VARIABLES(3UT NOT

ARRAY FELEMENTS),AND THE QOPERATIONS +,~s%,/,a,v,~,1F THEN ELSE,

___SIGN.,ARS,ENTIER, _ AND GO__TO(LOCAL _BACKWARD TRANSFERS _ONLY),

HOWEVER, WITH INTIMATE KNOWLEDGE OF FORMULA ALGOL AND A LISTING OF
ITS RUN-TIME ROUTINES , THE EXPERIENCED USER_CAN BUILD HIS JUISR SO

___MACHINE LOCATIONS. THE UISR WOULD PRORABLY LOOK LI<E THIS:

___WRITING SMALL MACHINE CODE ROUTINES, CALLABLE ONLY WITH CONTROL

THAT 1T CAN CALL ON ANYTHING, THIS WOULD PROBARLY BE DONE 3Y

OFF, WHICH WNULD SAVE AND RESTORE THE CONTENTS OF A LIST OF

N CEBLETE T

EXAMPLE NF INTERRUPT DEFINITION IN FORMULA ALGOLC

SN CMPL 07200 "ERA NG READ NEXT COMMAND SEGISTER
SN CMPL 0050000000 ADD 9 5 NUMBER OF INTERVENING COMMANDS
SN CMPL 1330011000 STI  UISR SAVE LOCATION OF UISR ~

SN CMPL 1337700001, ST1 LACISR USED IN CALLUNZ 825
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G0 ARQUND:

SN CMPL 0 _____UISR ENTRY POINT

SN CMPL 0760067776 EXR Q0  /77777-%13-%30 )
TURN OFF CONTRO( AND W MOD
SN CMPL 37700431001 TRM SAVE SAVE VAR[ABLES

CODE PREFERABLY WITH CONTROL OFF

SN CMPL 3770041002 TRM  RESTORE RESTORZ VARIABLES

SN CHMPL 6370041000 TRE 3 VISR GO0 BACK TD MONITOR

AROUND1 IF R(25,L0CISR,ETC) THEN PRINT(,CANT-, INTERACY);

END IS TO INTERACT;
THE ABOVE CODFE AND PARAGRAPH ON THE INTERRUPTION OF FORMULA ALGOL

PROGRAMS IS BY RUDY KRUTAR WHO SHOULD BE CONSULTED ON ALL: RELATED
MATTERS, IN FORML, THE PRINT ROUTINES ARE RECURSIVE AND THEIR

VARTABLES ARE IN THE GENERAL COMMUNAL RECURSION STACK, THUS, IT
SEEMS THAT ONE CAN ONLY PRINT IF THE UISR DOES NOT PRINT, AND IF

IT ALWAYS RETURNS T0 THE INTERRUPTED COMPUTATION, ONE SHOULD NOT
INTERRUPT DURING CALLS ON MAIN MONITOR ROUTINES, IF ONE IS GOING

TO USE THEM IN THE ULSR, AND THEN TRY TO RETURN TQ THE INTERRUPTED
COMPUTATION,
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C. INTERACTION WITH MORE THAN ONE SCOPE

TO INTERACT WITH A DIFFERENT SCOPE FROM THZ ONE SUBMITTED
FROM, A PRNGRAM SIMPLY USES THE R _ROUTINFS AS USJAL, 8UT IN
ADDITION SETS THE SCOPE NUMBER BY USING ALGOL PRJCEDURE
___SETSCOPENUM(N), IT DOES NOT NEED TO BE SET BEFORZ EVERY CALL
OF A BROUTINE, JUST ONCE.
_THUS, T0 READ _THE_STATE SWITCHES ON SCOPE 2, ONE PERFURMS
NSAVE=SCOPENUM; SETSCOPENUMI2): ZERO«0) OUT«TRUE}
B(10,ZERN,STS",DUM,DUM,DUM) 3 OUT«FALSEs SETSCOPEVUM(NSAVE);

- 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 ,THE B ROUTINE CALLS WILL ALL BIVE ERROR

EXITS UNLESS PERMISSION TO INTERACT HAS REEN GIVEN 3Y THE
USER AT THE SCOPE TO BE INTERACTED WITH, BY USING IVTERRUST

13 IN_THE PROGRAM STATE, .
USER INTERRUPTS FNR ANOTHER SCOPE ARE DEFINED BY USIVG B?3,

JUPON ANY USER INTERRUPT, THE SCOPE NUMBER IS PASSED 7O THZ USER
PROGRAM,

FINALLY,ONE CAN DISPLAY A GIVEN PAGE ON MORIE THAN DNE SCORE,

BY USING R26. THIS TAKES PARAMETER RS52,WHICH 1S THE
BIT PATTERN AT THE FSND OF THE DELIMIT CONSISTING OF 4 3ITS

FOR SCOPES 3,2,1 AMD 4 RESPECTIVELY,SN CORRESPONDING TO SCOPE N,
__ THUS 1F A PROBRAM WANTED TO DISPLAY A PAGF ON THE SuaMISSION
SCOPE AND ANOTHER SCOPE N, IT WOULD DO SOMETHING LIKF THIS
N1+SCOPENUM:_BITPAT21N1Y21NS B(26,PAGE,RITPAT,1, 0.03%

- OF COURSF, IF PERMISSION HAS NOT REEN GIVEN, [7¥ ~ 7~ 7
_HWILL NOT DISPLAY,
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D, OVERALL CONTROL STRUCTURE,

MIGHT BE LIKE THIS,

ENTER | INTEBREZUPTS
SNSTEM pisPLAY
TeMALKEG PrgES

STARTIC
n—-b AND
R DY AT C
Reao
C ARDS 1 U
[ <
T PRotes | Aenens
CARDL
LeAo
ScofE BAcic PASSINE
Loof
euTPuT
Hemmmg 10 SELECTED
SeeterAc
REtonsmucr %pw:) AcTiong
—un suggmas
ALL cﬂ;ﬁ_’:’m’r
(o0 LingC)
Acron

.REwlefE-O




7. DESCRIPTION OF THE B ROUTINES,

B-1 ANNOUNGCE AN ONLINE USER
___PARAMETERSY _ USAGE NUMBER FROM LOG-IN
OUTPUTt R51: SCOPE NUMBER
ERRNR_1F: (1) _NDT_SURMITTIED
FROM A SCOPE
o OR . (1l) NOT LOGGED IN

"PERMITS A PROGRAM TO INTERACT WITH SCJIPE MONITOR, USBR
_ SHOULD _NOT PATCH 10, DO NOT CALL B(=1) TWICE IN THE SAME

RUN
B0 __CONVERTS GP1 _CHARACTER STRINGS PACKED
4 PER WORD INTO SCOPE STRINGS PACKED
e _IN DISPLAY FORMAT s
" PARAMETERS: R52«L0CATION OF FIRST
i ~ WORD OF G211 TEXT,
R53«.0CATION TO RECEIVE FI3ST W0ORD
OF THE CONVERTED TEXT 3_L0CK,
THIS ADDRESS MUST BE I\ US®R CORE,
... . _PBB4eNJMBER OF CHARACTERS TO COWVERT,
QUTPUT NONE:
- ERROR_IF:  R53 OUT OF BOUNDS, _ o o _
B1 CONVERTS SGOPE _CHARACTER STRINGS
PACKED IN DISPLAY FORMAT INTO 621
- CHARACTERS PACKED 4 PER WORD, o B
PARAMETERS? R52«BASE OF SCOPE STRING,
o . __R53«L0OCATION TO RECEIVE FIXST
WORD OF THE (21 STRING,
THIS _ADDRESS MUST BE 1V
USER CORE.
. ... PRB4«LENGTH OF SCOPE STYRING
IN WORDS,
- QUTPUT: _ NONE S
ERROR IFt R53 OUT OF BOUNDS. T
B2 CONVERT TEXT AND APPEND TO PAGE )
- N AT POSITION (X,Y). -
" PARAMETERSt  R52«RASE OF Q21 TEXT o -
L PACKED FNR 4 PER WORD, ) -
RB3=LENGTH OF TEXT IN WORDS, T
L __R54eX
R65aY
_ R56+PAGE NUMRER,
DUTPUT: NONE )
_ ERROR I1Ft (1) PAGE ALREADY FULL
(11) STRING TOD LONG, T T
DISPLAYS TEXT ON SCOPE FACE, ONE MUST HAVE RFQUESTED

AVAICABLE "SPABE FOR  THE PAGE IN QUESTION IN ADVANCE OF
CALLING B2,
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APPEND A LOGIC BLOCK OF
(ALREADY CONVERTED) DISPLAY

~_ PARAMETERS:! R52«BASE_OF BLOCK

MATERIAL TO PAGE N.

TO BE MOVED,
R53+«PAGE NUMRER,

OUTPUT NONE,
ERROR 1F1 ' (1) NO STORE IN PAGE.

OR (1TY  ATTEMPT TO OVERLAY
A DELIMIT,

MOVES A "BLOCK OF SCOPE COMMANDS INTY THZ H-MJDULE aVND
APPENDS IT TO AN EXISTING PAGE, CURRENTLY IT ONLY TESTS

FOR DELIMITS AND CYCLESS OTHER ILLEGAL CONSTRUCTIONS ARE
NOT TESTED FORjJ THUS, THE DISPLAY SHOULD RE WELL FORMED

AND SHOULD INCLUDE A STORE,

B4

MOVE PAGE N TO USER CORE, GONVERTING
ALL SCOPE CHARACTERS.

PARAMETERSt  R52¢PAGE NUMBER,
R53«LOCATION IN USER CORE TO

RECEIVE CONVERTED TEXT.
OUTPUT NONE.

ERROR IF: (1Y "R53 OUT OF BOUNDS,
(11) PAGE HAS NO BLOCKS,

TEXT 1S ENTERED INTO USER MEMORY, NOTE THAT ONLY G21
CHARACTERS ARE CONVERTED AND ALL ELSE IS IGNORZD IN THE

CONVERSION PROCESS, NON=G21 CHARACTERS ARE CONVERTED YO
BLANKS AND VECTORS ARE SKIPPED,

B5

MOVE A PAGE TO USER CORE

WITHOUT CONVERSION.
PARAMETERS? R52«PAGE NUMBER,

RE3«LOCATION IN USER CORE
TO WHICH THE RBRLOCK

WILU BE MOVED.
OUTPUT: NONE,

__BE PREPARED T0 ACCEPT THE FULL PAGE.

ERROR IF: {1y Rs3 OUT OF BOUNDS,
 oR (Il) PAGE HAS NQ BLOCKS. . o
EVERYTHING FOLLOWING THE DELIMIT 1S MOVED TO USER CORE,

READ THE CURSOR,

_____OuTPUT: R52%X

"7 WORD IN THE H-MODULE,

PARAMETERS! NONE

TTR53eY
THE POSITION OF THE CURSOR IS OBTAINED FROM THE POSITION

 _PARAMETERSs ~ R52eX

SET THE CURSGR,
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R53wY

OUTPUT: NONE. |
_THE POSITION WORD 1S CHANGED _SO__T<4AT THE CURSOR IS
REPOSITIONED AT (X,Y),

88 READ THE ANALOG KNOBS,
PARAMETERSY  NONE,
OUTPUT R52+KNOB 1
e e - RB3eKNOS 2

R54«USER STATE SWITCHES
e i BIT PATTERN, e

R55«ALT(1) OR NORMAL(0) MODE,
GETS__THE POSITIONS OF THE ANALQG KNOBS FROM_THE 20SITION

WORD IN THE H-MODULE,

B9  NOT YET SPECIFIED,
Bi0 READ THE STATE SWITCHES,
PARAMETERS R52+«ALT(1) OR NORMAL(1) MODE,
OUTPUT: R53«STATE WORD,
B11l SET THE STATE SWITCHES,
e _PARAMETERS:t = R52«DESIRED SETTING
_ OF STATE WQRD,
QUTPUT: ~ NONE,
LOADS R52 INTO THE STATE WORD.
BlL2 SET "COMPARE ON " CHARACTER
L . ON PAGE N, o B
PARAMETERS! R54«CHARACTER TO
__COMPARE 0N,
R55«PAGE NUMRER,
e DUTPUTY  NONE. o e
ERROR 1F: (1) ILLEGAL PAGE NUMBER
. tI1l) NO_ROOM LEFT ON PAGZ S
0R (111) DELIMIT FOLLOWS 8TORE,

CREATRS A COMPARE _COMMAND FOR THE SUPPLIZND SCOPE

CHARAGCTER,S.G.RETURN WOULD BRE BR75, AND INSEXTS IT IN
PAGE N IMMEDIATELY FOLLOWING THE DELIVIT, _THZ PROGRAM

SHOULD DEFINE THE COMPARE ROUTINE SEFOREHAND,

B13 SET COMPARE ROUTINE.
PARAMETERS1 _ R55«COMPARE CHARACTER LOCATION FOR VALUE

R56«ADDRESS OF
_ , USER ROUTINE,
OUTPUT: NONE .
_ ERROR 1F3 R56 OUT OF BOUNDS.,
SETS JSER ROUTINE TO BE EXECUTED WHEN A COMPARE INTEZRRUST ~
OCCURS,  NOTE THAT THE ROUTINE MAY 3F EXECUTED AT ANY
TIME,
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B14 SET MEMORY FULL ROUTINE.
PARAMETERS1 R56+«ADDRESS OR USER
_ __ROUTINE,
QUTPUT NONE , T
_ _ERRDR _IFs$. R56 QUT OF BOUNDS,
SETS USER 'ROUTINE 70 BE EXECUTED WHEN A MEMORY FULL
INTERRUPT IS GENERATED, NOTE THAT THIS ROUTINE MAY RE
EXECUTED AT ANY TIME,
B15 GET N RLOCKS FOR PAGE M,
PARAMETERS! R52«PAGE NUMRER
. R53+«NUMBER OF BLOCKS
ouTPUT NONE" - o
FRROR IFt ILLEGAL PAGE NUMBER,
SAME TASK AS ON MANAGEMENT PAGE,
B16 ENABLE PAGE N. -
PARAMETERS} R52«PABE NUMZER.
QUTPUT: NONE,
ERROR 1F1 ILLEGAL PAGE NUMBER.
B17 DISENARLE PAGE N
PARAMETERS! R52«PAGE NUMRER.
QUTPUT: NONE.
ERROR 1F1 ILLEGAL PAGE NUMBER,
B18 DELETE PAGE N,
PARAMETERS! R52«PAGE NUMBER
QUTPUTY NONE .
ERROR 1F: ILLEGAL PAGE NUMRER.
SAME AS TASK IN OPTION STATE. PAGE IS5 RETURNED TO
AVAILABLE SPACE AND INFORMATION IS LOST, '
B19 APPEND PAGE N TD PAGE M,
PARAMETERS! R52+«PAGE NUMBER N, o
o R53+PAGE NUMBER M,
OUTPUT NONE, -
ERROR IF: ILLEGAL PAGE NUMBFR,
SAME TASK AS IN OPTION STATE.
B20 DISENARLE ALL INPUT FROM THIS ~— T
scoPE. . o
PARAMETERS:! NONE, o
QUTPUT: NONE
DISENABLES ALL PAGES FOR THE GIVEN SCOPE,
- ~B21 REMOVE COMPARE OGN CHARACTER T T T

ON PAGE N,

PARAMETERST  R5A«CHARACTER TO
COMPARE ON,

_ _OuTPUT:  NONE.

R55«PAGE NUMBER.,
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ERROR 1F:  ILLEGAL PAGE_ NUMRER,

SEARCHES THE PAGE FOR AN OCCURENCE OF A COMPARE COMMAND

STORE COMMAND,

___ON THE SPECIFIFED CHARACTER AND IF FOUND, CONVERTS IT TO &

__PARAMETERS! RE52+«USER ENTRY POINT,

R53«USER CONTROL SWITCH,

RS54« INTERRUPT NUMBER.
R55-SCOPE NUMBER.,

R56+-COMPARE CHARACTER,

B22 RESET COMPARE ROUTINE,
PARAMETERSY _ NONE,
QUTPUT ¢ NONE.
RESETS THE STANDARD MONITOR e
ROUTINE FDR THE COMPARE ROUTINE.
B?3 RESET MEMORY FULL ROUTINE,. )
PARAMETERSI NONE .,
. DUTPUT: NONE.
RESETS THE STANDARD MONITOR ROUTINE FOR THE MEMORY FULL
o RODUTINE, . . _
_B24 SET_ENABLED CURSOR AND INTERRUPT = . N R
ON CHARACTER.
. PARAMETERS RE2e¢X -
R53¢Y
_ Rb4«CHARACTER FOR COMPARE. =~ - .
R55«PAGE NUMRER,
. PRB6#COMPARE ROUTINE.,
OUTPUTS NONE.
ERROR 1F: (1) _ILLEGRAL PAGE NUMBFR
(1IN NO ROOM LFFT ON PAGE,
e .. .. A1l1) DELIMIT FOLLOWS STORE, . -
OR (1Y) Re& QUT OF ROUNDS,
o THIS ROUTINE DIRECTLY CALLS B7, B12, 313, AND 316, 1T
ENABLFS THE PAGE, POSITIONS THE CURSOR AT (X, Y), SETS a
COMPARE _ ON _THE SPECIFIED_CHARACTED AND SETS THEZ COMPARE
ROUTINE, TO OBTAIN THE GHARACTER AHICH CAUSED THE
S __INTERRUPT,B813  SHOULD RE  ALSO  CALLED,PASSING  THE
IDENTIFIER IN WHICH THIS INFORMATION SHAULD BE PUT, LSO
. TO OBTAIN THE SCOPENUMBER,AND TO USE_A CONTHOL SWI1TCH,B25
SHoULP RE CALLED AS WELL.
B25 DEFIME USER INTERRUPTS,

OUTPUT NONE,

ERROR 1F:  WUSER ENTRY POINT DOES
NOT LIE IN USER CORE,

IN USER ¥0DE, COMTROL IS PASSED TO THE USER ENTRY POINT,

AND THE INTERRUPT WUMBER, THF SCOPE NUMBER OF THE SCOPE

WHICH INTFRRUPTED, AND THE GOMPARE CHARACTER, IF THIS

APPLIES, ARE "PLACED IN THE LOCATIONS SET ASIDE FORTHEM

IN THE USER PROGRAM. THESE LOCATIONS ARZ DEGCLARED IN RS54,
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R55, R56 WHEN USING B25. THE USER CONTROL SWITCH ALLOWS

THE USER PROGRAM TO DECLARE ITSELF INTERRUPTABLF &S
DESIRED, IF IT IS NOT FQUAL TO ZERO WHEN THE INTERRUPT

0CCURS, THE SCOPE MONITOR DOES NOT PASS CONTROL 3UT KFEPS
LOOKING ONCE A SECOND UNTIL THE VALUZ OF THE SWITCH IS

ZERO, A SECOND INTERRUPT T[DURING THIS TIME WILL GIVE

MULTIPLE INTERRUPT ERRDR ANN BE IGNORED, BUT THE FIRST

ONE WILL STILL BE PROCESSED CORRECGTLY.
B26 SET CRT FIELD ON PAGE N,

PARAMETERS? R52eN
R53«BITS FOR

CRT FIELD.
QUTPUT: NONE.

THIS ROUTINE A{LOWS THE USER PROGRAM TO DISPLAY ON MORE
THAN ONE SCOPE. THE T22 TABLE IN THE SCOPE MONITOR HAS

BIT PATTERNS FOR EACH SCOPE INDICATING THAT THE AUMAN HAS
ALLOWED INTERACTION WITH PROGRAMS FROM OTHER SCOPES, THE

NORMAL ENTRIES ARE $1, $2, AND $3, RESPZCTIVELY. IF SCOPE

o ALLOWED INTERACTION WITH PROGRAM “ROM SCOPS 1, ITS

ENTRY WOULD BE CHANGED TO %1 =+ §2, THE USEX PROGRAM

INDICATES ITS DESIRE TO DISPLAY IN BOTH4 SCOPES JSING B26

AND PASSING THE LIST PATTERN §1 +%32, THZ USER PROUGRAM CAN
ONLY DISPLAY ON THOSE SCOPES FOR WHICH PERMISSION HAS

BEEN GIVEN, GSINCE THE BIT PATTERN IS ZXTRACTED WITH THE
ENTRY IN THE 722 TABLE. THE EXTRACTED PATTERN BECOMES THE

CRT FIELD OF THE DELIMIT OF SURSEQUENTLY PRODUCED DISPLAY
PAGES, : _

B27 RETURN 7O INTERRUPTED COMPUTATION,

PARAMETERSI NONE,
ODUTPUT s NONE,

USE TN THE USER INTERRUPT SERVICE ROUTINE- TO CONTINUE THE
INTERRUPTED COMPUTATION, IF  YOU WISH TO CHANGE TO A

DIFFERENT LINE OF COMPUTATION, USE A GO TO STATEMENT,

B28 CLEAR A PAGE.
PARAMETERS? RE2«PAGE NUMBRER,

BUTPUT: NONE.
ERROR 1F: ILLEGAL PAGE NUMBER,

THAT ATTEMPTING TO CLEAR A PAGE OF ZERD LENGTH AILL 7ERO

INSERTS A STORE COMMAND AFTER THE DELIMIT ON PABE N, NOTE

A DELUIMIT AND PERHAPS DESTROY INFORMAT[ON,

TTTHE FOLLOWING ARE NOT YET IMPLEMENTED

B29 MOVE PAGE N TO FILE M,

PARAMETERS! R52«N
R53eM
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OUTPUT: NONE . i
BI0 MOVE LNGIC BLOCK BASE N LENGTH
e L _YTO-FILE M, R e e
PARAMETERS ! R52wN
e o L RS3el N . . e
R54eM
QUTPUT NONE
B31 MOVE FILE M TD PAGF N,
_ PARAMETERS: . R52eéM
RE3«N
. 0UTPUTs _ NONE, _ B . - _ W
BS2 MOVE FILE M _TO LOCATION N,
PARAMETERS! R52«M
e RB3eN e
OUTPUT NONE ,
_ . B33 _READ IN_A 3-DIGIT INTEGER = e _
AT [X, Y.
ERROR_1F:  TLLEGAL PAGE NUMBER,
PARAMETERS! R52«X
o .. RB3ey o e
__B34__READ IN A STRING OF CHARACTERS _

AT [X,Y),

B40

"GETS SCOPE MAN NUMBER,

PARAMETERST  R52¢X

R53«Y

GIVEN 5-20 MAN NUMBER,

PARAMETERS! R52«G=20 MAN NUMBER,
QUTPUTS: R53«SCOPE MAN NUMBER,

... B4l

_GET SCOPE MONITOR SYMBOL N,

Uiz, EXIT
T45, _CONVERS{ON TARLES FROM

PARAMETERS R52eN T -
QUTPUTS:  RB3«VALUE OF ScOPE
MONITOR SYMROL . T

N = 1 U35, FETCH A MODULE

2 TBO, PAGE ADDRESS TABLE

3. _U29, RELEASE A MODULE

4 us, PUSH THE STACK B
e 5 UG, POP THE STACK

p .

7

G-20 -+ SCOPE CHARACTERS

B T31, SCOPE MONITOR TIME USED TONAY

9 Y6,  TRACE
10 Y105, TRACE BREAKPOINTS
11 Y72, TRACE TARLFS
12 T74, ISR RETURN POINT
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TO OBTAIN THE ADDRESS OF A PAGE
AL DUMe23 OUT«TRUE3J B(41,DUM,T80,DUM,DUM,DUMI ) T
OUTeFALSEs ADDR«T80~1+SCOPENUM+3#PAGE]




ERROR NUMBERS.

"TTTTHE SCOPE MONITOR PASSES AN INTEGER IN THE ACCUMULATOR
_WHICH IS _THE LOCATION IN THE SCOPE MONITOR WHERE THE ERROR
WAS DETECTED, THE FOLLOWING TABLE RELATES THESE INTEGERS

TO _THEIR MEANINGS,

ERROR NO BROUTINE MEANING
T T T T T T T T U INTERACTION UNACCEPTABLELEITHER

. (AIYREMOTE FROM WHICH_JOB_WAS _
SUBMITTED 1S NOT
A_SCOPE 1€, NOT_ IN (5,71,
OR(B)MANNUMBER OF USZR LOGRED IN
_~=MANNUMBER
ON JOB CARD OF PROGRAM,
_PROGRAM ATTEMPTING T2 INTERAGT
WITH A SCOPE FOR WHICH PERMISSION
HAS NOT REEN GIVEN.
167014 RROUTINE WITH THIS NUMBER

DOESN'T EXIST,

167145 2 PAGE DOESN'T EXIST
167164 2 NO ROOM LEFT ON PAGE s
167211 3 NOT ENOUGH SPACE,
167355 12 EITHERCA) NQO PAGE_EX}STS
OR(BINO STORE COMMAND FOUND ON PAGF
. _ o . _OR(C) A DELIMIT IMMEDIATELY FOLLOWS
THE STORE(PAGE FULL)
e .__..167446 17 _0OR 18 PAGE NO. NOT INf1,4],
171365 SEVERAL PAGE NO,.NOT IN [1,4],
171372 SEVERAL PAGE DNESN'T EXIST,
171402 SEVERAL LOCATION GIVEN IS NOT IN USER CORE
o o 1oE. NOT IN [/10000,/73000).
171406 SEVERAL LOCATION GIVEN IS NOT IN UPPER CORF
e ~1,E. NOT IN (/160000,/1777771, ' N
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8. SUBPROGRAM LIBRARY,

T UWET THAVE  ONLY JUST STARTED TO SET UP THIS LIBRARY, LISTINGS
__CAN BE OBTAINED FROM THE RESPECTIVE AND FILES, JSER CR38AB14: =

ALGOL SUBPROGRAMS FILE 327P)
FORMULA ALGOL SUBPROGRAMS FILS 31/P1)
SPITE SUBPROGRAMS FILE 33/P3
PROCEDURES IN ALGOL AND FORML THE SCOPE ALGIL: LIBRARY CAN NOW

T BE USEDL AS AN OUTER BLOGK TO ANY ALGOL PROGRAM, YOU NEED aN EXTRA
END,OF COURSE, _ THESE PROCEDURES WERE WRITTEN 3y RUDY KRUTVAR,JIM

KING,ALAN BOND AND DAVE VAVRA, THE LIBRARY IS CURRENTLY RFING
MAINTAINED AND EXTENDED BY RUSSELL MOORF,TO WHOM SUGGESTIONS AND _

TQUERIES SHOULD BE DIRECTED.,

i, INTEGER PROCEDURE LOC(N)1: INTEGER N3 QIVES THE ADDRESS
WHERE THE VALUE OF AN IDENTIFIER 1S STORED, FOR aRRAYS, LOC (Af1])
WILL GIVE THE 1ST WORD OF THE ARRAY,

“ﬁééT”m“fDGTEfﬁﬁﬁCEDURE”DECHL”(NUMBERYF_TNTEGEQHNUHBEWT*GETS"TWE_"m“‘”"
DECIMAL G-20 CHARACTERS FOR THE VALUE OF NUMBER AND PACKS THEM IN

DECML,

3. BOOLEAN PROCEDURE B(BNUM, 852, B53, H54, B55, 856) VALUE

“BNUM? INTEGER BNUM. 852, 853, RS54, B55, B561 CALLS B-ROUTINE

NUMBER BNUM, 0N ERROR EXIT, B IS TRUE, NORMAL EXIT FALSE. HENCE,
{F B( ) THEN GO TO EXITs WILL CALL THE B ROUTINE,

4, AN ALTERNATIVE VERSION OF B, WHICH HaS GLOBAL 300LEAN
©VARTABLES "OUT aND PR, IF OUT IS TRUE PARAMETERS 4RE OUTPUT, IF PR
1S TRUE, THE VALUES OF PARAMETERS aND NATURE OF ZXIT ARE PRINTED,

“— g "PROSEDURE  BAUBNUM,ETC) 1S A “PROCEDURE ~RATHER THAN A
_FUNCTION AND CALLS DN B.

6, L6GT¢ ~PROCEDURE HEADER X, Y): VALUE X,Y¥ INTEGER X,Yi
COMPUTES A HEADER INSTRUCTION AT X,Y,  NOTE THAT X,Y MUST LIE IN
e Ry e RS " ) :

7. LOGlc PRNACEDURE VECTOR (X,Y,SG)y VALUE X,Y,8Gr INTEGER

X.Vi  LOGIC $3; COMPUTES A VECTOR STRING ELEMENT WITH DX = X, DY =
Y.  §G = n USUALLY, SG = 2 FLAGS THE VECTOR SO THAT IT WILL BLINK
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OR _INTENSIFY ACCORDING TO THE SETTING OF STATE SWITCHES.

© 78,7 L0oGTn PROCEDURE CHARAC (C. SG, 133 INTEGER € §6,13
.. PRODUCES A SCOPE CHARACTER 1N A WORD IN POSITION I =1, 2, OR 3,

SG IS THE TAG FIELD, SO SG = 2 GIVES BLINKING AND IMTENSIFICATION,
C IS THE_SCOPF _CHARACTER NUMBER_AS GIVEN IN THE QJUATSE MANUAL,

TTgT TLOA1E PROCEDURE CHARSTR (€1, €2, €3, S61. $62,7883)%

10, PROGCEDURE CHARACTER (X, Y, C)3 INTEGER X, Y; LDBICs PUTS

A CHARACTER ON THE SCREEN AT POINT X, Y, C IS & SCOPE
__CHARACTER-STRING _WORD AS OBTAINED BY USING CHARAC OR CHARSTR, IT
CaN ALS0 BE OBTAINFD BY

CeBL2 + RRN # 43 WHFRE N IS THE SCOPE CHARACTER NUM3BER FROM

THE QUATSE MaNUAL. CHARACTER HAS ONE CHARACTER PER WORD AND A
SEPARATE HEADER FOR EACH CHARACTER, AND 1S, THEREFORF, WASTEFUL OF

SPACE, G~20 CHARANTERS ARE HEST PUT ON THE SCREEN USING 32,

TAKES » REAL NUMBER N, FINDS DECIMAL CHARACTER FORM, AND PUTS IT
__ON THE SCREEN AT X.Y IN -5D,37 FORMAT.

11, _ _PROCEDURE NUM(X, Y, N)3 VALUE N3 INTEGER X, Y3 REAL Nj

12, PROCEDURE LTINE (X1, Y1, X2, Y2)3 INTEG:=R x1, Y1. X2, Y23
PUTS A LLINE FROM (X1, Y1) TO (X2, Y2), WITH A SEPARATE HEADER,

13, PROCEDURZ GENERATE (X, ¥, T, DT, MORNY) VALUE DT, NORM:
_ REAL X, ¥, T, DT, NORMt GENERATES A CURVE WITH PARAMETSER T WHOSE
X, Y ARE GIVEN BY EXPRESSION INVOLVING T WHEN ACTUALLY CaLLING
GENERATE, THUS

- GENERATE(A % SIN(T), B # COS(T),T,DT,NORM):
" WILL PLOT AN ELLIPSE,

[T DOES 1T Y LINE SEGRENTS, NG 1T UR CULKTES THESEFOR
INTERVALS IN T OF DT. IT ASSUMES A SQUARE SCREEN WHOSE LINEAR SIZE
IS NORM IN RELATION TO THE VALUES OF X, Y. e

14, _ CURVE (X, Y, T, DT, TA, TB)3 [INTEGER X, Yi REAL T, DT,

TA, TB3 PLOTS FROM TA T0 TR, .
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15, INTEGER PROCEDURE

INTEGFR PROCEDURE SC

" SCALING,  GLOBRAL VARIABLES
INDICATE THAT THE PART OF

AND SYA TO SYB, WHERE THES

ALEY (Y): REAL YJ THESE ALLOW EASY

XA, X8, YA, YB, SXA, SXB, SYA, SYB
THE SCREEN USED WILL BE FROM SXA TO SXB
E LIE_IN [0, 10231, AND THAT THIS WILL

CORRESPOND TO VALUES XA,
_COMPUTATION. THUS

XB, YA, RY IN THE REST O0F THE

GHARACTER (SCALEX (X), SCALEY (YY,€)7 PUTS o CHARACTER ON THE

SCREEN AT POINT X, Y IN THE

USERS SCALE,

ARGUMENTS FOR_POSITION AN

“"TTHERE ARE AN EOUIVA

LENT ~SET OF PROCEDURES TAKING REAL
D USING SCALE X AND SCALE Y, THESE ARE

“DESIGNATED BY AN ADDED 1 0
LINE1l, CURVE1, ETC.

N THE NAME, THUS, CHARACTERL, NUM1,

_—“"Ié]—“mRE&ﬁfﬁihEleﬁBUVFTf""READS"“THE”MCONTEMTSMDF_FTGE#NTHEYAQ“

_ _LENGTH 1 BLOCK) INTO THE R
WORD ~»§0 1T 1S LIXE & NOR
RBUFF USING AL THE' NORMAL F

EAD BUFFER RBUFF PACKZD 1 CKWARACTER PER

MAL CARD READ,  YOU MaY THEN READ FROM

ORMATTING POWER OF ALBOL.

__BUFFER WBUFF AFTER _NORMA
"WITHOUT <E> DR <W>) ONTO Pa
OF ALGOL I/0 'S AVAILABLE F

L  ALGOL PRINTING ( WHICH CAN BZ WITH OR

GE N AT X,Y.  THUS THE FULL GENERALTTY —

OR COMMUNICATION WITH THE SCOPZ=S.,

17:’h'ﬁﬂTNTTGW”PKGETﬁTWBUfFJYIYTT"_ﬁﬂTS”THE”EUNTENTSAﬁ?_PﬁTVT““_”WAQ

18, ”SET§ﬁﬁPENUHiNTTM_TNTEGEFWNfWWEETSJSC055"&UHBER*TU—NTWSO—_”“W"w

__ THAT FURTHER CALLS OF B
COURSE ~ GIVE AN ERROR IF PE
THE SCOPE,

ROUTINES APPLY TO THIS SCOPE, THEY OF

RMISSTON HAS NOT BEEN BIVEN MANUALLY AT

49, T INTEGER PROCEDU
CURRENTLY SELECTED. 17

~TNUMBER PASSED UPON INTERRUP

RE SCOPENUMj ~GIVES THE SCOPE NUMBER ™~
SHOULD _NOT _RE CO#FUSED WITH THE SCO%E

T.

20, RUTTIN(ENPT,

" INTEGER ARGUMENTS, DEFINES

NOW DEFINED' ON P1AGEOUT AN
PASSES CONTROL TO ENPT,

. kABELa_“mlI”mEUTSIlNIEBRUPT

TENTRLSKH=0 INHIRITS INTERRUP

INTERRUPTING AND SCOPNUM 1S

CNTRLSN.INTNUM.SCOPNUW.PAGEIN.?AGEDUT)1

“BUTTON'INTERRUPTS}DISPLAYSMfEQTEQQUPTgwm““

D CONTINUES COMPUTING, ON [NTERRUPT, IT
WHICH CAN RE A CLOSED PROCEDURE OR A
NUMBER .,.' ON PAGEOQUT URPON INTERRUPT,

TS, INTNUM T8 THE NUw3ER OF THE 3UTTON
THE NUMBER OF THE SCOPE TNTERIUPTING,
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21, GOMIN(ENPT,CNTRLSW,SCOPNUM,CHAR,PAGEIN,PAGEOUT,CH) s SETS

COMPARE [NTERRUPT ON CHARACTER CHAR ON PAGE PAQEIN,  SIMILAR 7O~
BUTTIN, _ON_ INTERRUPT, THE CHARACTER WHICH CAUSED THE INTERRUPT

WILL BE FOUND IN INENTIFIER WHOSE LOCATION !S CH,

NOTE THAT CONTIGUOUS DECLARATION OF SCALARS IN FORML QIVES

ALLOCATIONS IN SUCCESSIVE WORDS, WHEREAS IN ALBOL IT GIVES

CONTIGUOUS LOCATIONS BUT IN THE REVERSE ORDER TO THE ORDER OF

DECLARATION,

~THUS, LOGIC D3, D2, D33 DUMPS (3, D3)3 PRINTS THE CONTENTS OF

D3, D2 AND D1,




MACROS AND ROUTINES IN SPITE

TTT{)T UMACRO BC XX, XX2, XX, XX4,XX5,XX63 CALLS INTRRFACE ROUTINE
10, EXPECTS ALL ARGUMENTS TO BE CONSTANTS, I.E., FIXED AS ASSEMBLY

- TIME,

2. MACRO BV XX1, XX2, XX3, XX4, XX5, XX6, EXPECTS Xx1 T0 3€
CONSTANT AND XX2 ... XX&6 TO BE VARTARLES, l.E., 3 LOCATIONS WHICH
~ _CONTAIN THE DFESIREND ARGUMENTS,

3. 10 THE INTERFACE ROUTINE,

_ 4. __THERE IS A VARIANT ON B WHICH PUTS A MZSSAGE ON THE G-29
TYPEWRITER ASKING FOR THE H-MODULE T0 BE SWITCHED, IF 1T IsNvT,

5, SOME MAGROS T0 EASILY GENERATE SCOPS DISPLAY MATERIAL

" HEADR, VEC., CWn, STOR. T
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9. USER SUBSYSTEMS.

AN - INTERACTIVE PROGRAM ON THE G-20 IS INEFFICIENT IN IT§ USE
OF COMPUYER _TIME [N 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 GAN BE INITIATED, THE PAUSE SYSTEM IS USEFUL

FOR GETTING SHORT BURSTS DF USER PROGRAM,

IN_IMPLEMENTING A TIME SHARING SWAPPING SYSTEM FOR THE SCOPE

MONITOR, IT WAS FOUND EASY TO ALLOW ANY USER TO WRITE SUBPROGRAMS
OF RELQCATABLE REENTRANT ASSEMBLY CODE WHICH ARE ORGANIZED BY THE

SCOPE MONITOR, SWAPPED IN. AN OUT AS REQUIRED AND AS SPACE PERMITS,
RE|L OCATED IN CORE AND LINKED TOGETHER DYNAMICALLY IN A SIMPLE WaAY,

THERE 1S ALSO AN AUXILIARY MACRO SYSTEM WHICH ALLOWS THE
CONVERSION _OF ORDINARY ASSEMBLY CODE INTO THE REQUIRED REENTRANT

RELOCATABLE MOPULAR FORM, IT TURNS OUT THAT ANY MODULE OF ANY. USER
CAN _CALL aANY MODULE OF ANY OTHER [N 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 TOD MODULAR FORM, ONE USES THE MAGROS AND -

ROUTINES ON USER CR3IBAB44, FILE 34, THEN ONE BREAKS TWE CODE AS
FOLLONWS: :
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LAYOUT EXAMPLE
FILE 34 PACKAGE - USER CR3IBAB143 FILE 34/P3 INSERT §
NON RELOCATABLE (GLOBAL) SYMBOL
DECLARATIONS ' LBL TON}
BEGIN BEGIN
RELQOCATABLE (L0CAL) SYMBOL
DECLARATIONS LBL E203
ENTRY POINT DECLARATIONS ENPT 1, Ei
ENPT 2, E2
(REENTRANT) CODE g1 ENT
, PUSH 51
CLA 0 11
STL 2,50
- TRM E3
EXIT
OR NONREENTRANT E? ENT
TRM E4
. TRA 1 El
EXTERNAL IDENTIFICATIONS 7O E3 1SMO0D 1, 5, 'AB141
ENTRY POINTS OF OTHER MODULES E4 IsMon 2, 7. YADOJ3

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

END | END
STORE STORE 6, 'AB14}

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

_ IHE—PUSH MAGRO DECLARES ~STACK VARIRBLES, E.G., FPUSH 3
DECLARES 5 VARIABLES AND PUSHES THE STACK, ONE THEN USES THESE

VARIABLES WITH THE POINTER IN REGISTER 50.
THUS CLA 2,50 CLEAR AND ADD SECOND

STACK VARTABLE.
STI 3,50 PUT IN THIRD STACK

, VARIABLE, :
PUSH MUST IMMEDIATELY FOLLOW THE ACTUAL ENTRY POINT (TO ALLOW THE

MARK TO BE STACKED). A REENTRANT ROUTINE DOES NOT EXIT THROUGH ITS
MARK BUT THROUGH THE STACKED MARK USING POP N, WHERE N IS THE

NUMBER OF STACK VARIABLES IN THE ROUTINE, T3 EXIT BACK TO THE
SCOPE MONITOR USE EXIT, THE STACKING, INCLUDING STACKING THE MARK

INTO 1, S0 (WHICH SHOULD THEREFORE NOGT BE USED B8UT ALWAYS ALLOWED
FOR) AND PUSHING, POPPING, ERROR RECOVERY IS ALL DONE BY THE SCOPE

MONITOR,

STACKED VARIABLES HAVE TO BE USED TO KEEP THE VALUES OF

”*d__‘VIﬁTKEEE§*7NEE§ED'"UURTNG"ﬁéﬁUﬁ§TVE_dILL§‘Oﬁ"INY“TTﬁEfTﬂE—ﬁDDE“HK?“Ag"

HAVE TO WAIT, TD SWAP IN ANOTHER MODULE ONE HAS 70 WAIT FOR THE

DISC, S0 STACKED VARTABLES HAVE TO BE USED FDR ANY VALJES, SET

_ BEFORE _ANY_ _TRM, WHICH ARE REFERRED TO AGAIN AFYER THE RETURN
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THROUGH_THE MARK, THMIS IS BECAUSE ANOTHER USER MAY ENTER THE SAME

CODE DURING THE WAIT, ONE' CAN HAVE MODULES OF REGULAR CODE BUT IT
CANNOT CAlLL ITSELF RECURSIVELY, AND CANNOT BE SHARED BY ANY OTHER

SYSTEM, NOTE TWAT EACH USER HAS HIS OWN NAMES FOR ALL HIS
IDENTIFIERS, HAVING CREATED THE SUBSYSTEM, 1T CAN BE LOADED FROM

THE PROGRAM STATE, MODULES WILL NORMALLY BE MARXED &S D!SPENSIBLE
AFTER USE, AND ARE LIKELY TO BE SWAPPED OUT IF TMWME SPACE IS NEEDED

FOR SUMETHING ELSE) HOWEVER, THE USER CAN MARK ANY MODULE 4§
'RETAINED® WITH AN INTERRUPT ON THE PROQGRAM PAQGE, HE CAN 'RELEASE!

ALSO, LOADING A MODULE AUTOMATICALLY RETAINS IT, OR ONE CAN SIMPLY

ASK TO TRANSFER TO Ao MODULE WHICH WILL LOAD IT IF NECESSARY.,
EXECUTE IT AND RELINQUISH 1IT, :

'THE ADVANTAGE OF SUBSYSTEMS 1S, OF COURSE, THEIR EFFICIFNCY

-~ THEY CAN BE USED ON AN INTERRUPT BASIS WITHOUT SUBMITTING &
G~20 PROGRAM., A _SUBSYSTEM CAN USE B ROUTINES TO SET UP DISPLAYS,

ETC. IN PRINCIPLE; ASSEMBLY CODE AND EVEN OCTAL CODE BENERATED 8Y
A_COMPILER CAN BE CONVERTED TO SUBSYSTEM FORM, SPACE PERMITTING,

IN DRDER TO HAVE A DATA AREA TO WORK ON, IT 1S SUGGESTED THAT SOME
MODULES BE RESERVED AS DATA AREAS WITH THE ENTRY POINTS GOING TO

DATA ACCESSING FUNCTIONS, SUCH MODULES COULD THEN BE _LOADED AND
RETAINED IN CORE AND _THWE CODE MODULES BE PURE PROCEDURES WHICH

COULD SWAP IN AND OUT AND MANIPULATE THIS DATA, THEY ARE NOT
ACTUALLY SWAPPED OUT, JUST RELFASED TO AVAILABLE SPACE, AND, WHEN

NEXT NEEDED, A NEW COPY SWAPPED IN,

FOR PASSING PARAMETERS INDEPENDENTLY OF PARTICULAR DATA.

AREAS, REGISTERS 52-58 CAN BE USED, THESE ARE SAVED DURING WAITING
FOR THE D}SC TD SWAP IN THE NEXT MODULE,

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

TO DEBUG A SUBSYSTEM, ONE SHOULD FIRST GET IT WORKING A

COMPLETELY . AS POSSIBLE BY RUNS [N LOWER CORE WITH LINEPRINTER

OUTPUT, THEN ONE CAN RUN IT IN THE H-MODULE BY RUNNING A WAITING
PROGRAM IN LOWER CORE, SO THAT YOU CAN ONLY CLOBBER YOURSELF. THE

WATTING PROGRAM 1S BEST WRITTEN IN UPDATE AND CAN THEN GIVE A DUNP
OF THE H-MODULE AND RELDAD A FRESH COPY OF THE SCOPE MONITOR AT

THE TERMINATION OF THE RUN, IN THIS WAY, ONE CAN DEBUG A SYSTEM IN
S _MINUTE BURSTS WITHOUT ENDANGERING INNOCENT USERS AND WITHOUT

BOTHERING THE OPERATORS TO DO DUMPS, WHEN THE USER SUBSYSTEM IS
SUPPOSEDLY DERUGBEDs 1T CAN BE RUN ANY TIME WITH NORMAL USER

PROGRAMS TN LOWER OORE, BUT IT MUST FIRST PASS AN ACCEPTANGE TEST,
THE ACCEPTANCE TEST PROGRAM CAN BE OBTAINED FROM A. H, 30ND,
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10, GRASP

e ————— . S

|§ﬁAsP-‘”19“]"bnxﬁﬁlEKE“S?STEHJIRTN”TE"T§KETEHﬁEUTT‘DEVEEﬁﬁEﬁ"*"'"‘”
BY GENE THOMAS ON THE G-21, AND DESCRIBED BY fliM AT THE ACM
CONFERENGE 1967, 1T WORKS WITH OUR SCOPES AND IS WRITTEN IN ALGOL

20, SO 1T SHOULD " BE EASILY TRANSFERABLE TO THE 360, IT 15
GURRENTLY REING MAINTAINED AND EXTENDED RY RON BUSHYAGER,

GRASP (GRAPHIC SERVICE PROGRAM) IS A GENSRAL GRAPHIC MODESL
BUILDING SYSTEM, T IS USED IN TWO WAYS:

1. 1T PROCESSES AN INPUT STREAM OF CARDS IN 4 SIMPLE
CANGUAGE,WHOSE FORMAT 15 SIMILAR 70 A SEGUENCE OF ALGOL PROCEDURE
CALLS. THIS ALLOWS THE USER TO DEFINE AND NAME GRAPHICAL ELEMENTS
CTKE -~ POINTS,LINES,BTC,,BUILD NAMED CONFJGURATIONS ~FROM THESE
ELEMENTS AND DUPLIGATE INSTANCES _OF  THESE “ONFIGURATIONS AT

DIFFERENT LOCATIONS AND SRIENTATIONS IN THE (31 MODEL SPACE, THE
EIBEEIUBEMMQEnﬂlﬂﬁ_ﬁﬂggﬁkglEmﬂE§I§91"_§Qggﬂﬁ_ﬁﬁ§_g9NE!EPRﬁIlDNS AT
VARIOUS LEVELS.  ONE CAN INPUT CARDS FROM THE NORMAL INPJT STREAM
OR__FROM__THE SCOPE FACE AND ONE CAN OUTPUT A (2) DISPLAY DERIVED
FROM THE MODEL,ON THE LINE-PRINTER OR THE SCOPE FACE, THE (2)
DISRLAX_"JS“mSDEELEIEEYMWSBEELFEEDW_BXA_IBEW_Q§EQ AS TO I1TS SCALE,
REGION OF INTERSET WITHIN THE MODEL, VIEWPOINT 1N THE MODEL. SPACE
&NQUQBIH99BAEELE,QEW§158EQEBAEHAEWEBQJEGILQN;_ THE MODEL CAN ALSO _
"BE CHANGED IN VARIOUS SIMPLE WAYS - PARTS OF 1T CAN BT ROTATED,
?%yED OR DELETED , AND THE MODEL CAN BE SAVED ON AN AUXILIARY AND
LE.,

>, THE USER CAN USE PART OF THE GRASP SYSTEM AS AN QUTER
'*”“““‘ELﬁCK“fﬁ‘;ﬂ“x[aﬁt"ﬁﬁﬁﬁﬂiﬁy“wﬂitﬂ'CbNTitN3”P§OCEﬁUﬁEfﬁitté‘TD“nnESﬁ'
PROCEDURES, SIMILAR TO THE LANGUAGE, BUT EMBZDDED IN ANY ALGOL
SONSTRUGTIONS.  THIS PROGRAM WOULD CONSTITUTE AN TAPPLICATION
PROGRAM! _AND, _ 11mrIHEWAGB}§R““LANGUA@ELﬁ,QNEAHEAN4,LN§IRQEINUIHEAM__44
~APBLICATION PROGRAM TO BE CALLED FROM ITS AND FILE AND APPLTED TO
_ THE MODEL.

BRASP DOES NOT HAVE CONSTRAINT SATISFACTION FEATURES BUILT
IN._JEEBEJLS,QUIIE“AWQQQP.ANQ_QQ”EBﬁHENQIVE QﬁEB_HﬁNUALﬁE!Alkéﬁhfgg.“ﬁ
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11. HOW THE SCOPE MONITOR WORKS,

A, RELATIONSHIP OF THE SCOPES TO THE @=21 AND THE MAIN
MONITOR :

THIS SECTION CAN BE SKIPPED,

THE G-21 HAS SEVERAL 8K MEMORY MODULES ON A 8USS, AND, IN
ADDITION, THE H=MODULE, WHICH CAN BE SWITCHED IN AS REQUIRED TO
REPLACE THE Q-MONULE, THE CORE [ OCATIONS OF THE H-MODULE ARE

/160,000 TO /177,777, AND A PROGRAM WILL COMMUNICATE WITH THIS
CORE WHEN THE _MW=MBDULE 1S SWITCHED INj OTHERWISE, 1T 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 SWITCHABLE WE MUST READ THE
STATUS REGISTER SR (REGISTER 5) AND L0OX AT %4, THE NORMAL PE
IMABE PROTECTS THE H-MODULE, AND SO WE CaN RESET THAT TD /70 OR
/13 ACCORDING TO WHFTHER THE CORE IS INVERTED OR NOT. THE CORE IS
INVERTED 1F THE (ABC) BUTTON HAS BEEN SET RY THE OPERATDR, AND
THIS CAN BE READ BY LOOKING AT 31 OF SR,IF $1 IS SET, THE USE /71,
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 CIRCULAR, WHEN IT RESTORES CONTROL TO THE PROGRAM, IT RESTORES

THE ACCUMULATOR AND TRANSFERS TO (NC) AND [T 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 CS IMAGES,
WHICH ARE (169+1) AND (133+5), RESPECTIVELY, HENCE, WE MUST EITHER

TURN CONTROL OFF DR RESET THESE EVERY TIME AFTER CONTROL HAS BEGN.
ON. THE SCOPE INTERRUPT BUTTONS SET $13 IN IR AND THE MAIN YONITOR

SENDS CONTROL TO THE SCOPE MONITOR, THE SCOPE INTERRUPT BUTTONS,
AT _THE SAME TIME, SET THE INTERRUPT WORDS IN THE H=MUODULE, 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 | ROUTINES., AS THESE MaY 3¢
IN USE BY THE LOWER CORE PROGRAM, COMMUNICATION WITH THE DISC IS

EFFECTED BY USING THE TELETYPE DISC ROUTINE, AND THE SCOPE MONITOR
“__”0NkihﬁﬂIEB§4IE§H_EEWIHéigﬁﬁﬁ_FREE AND WAITS OTHERWISE, THE SCOPE
FILES ARE IN A SPECTALLY RESERVED PORTION OF DISC, CONSTITUTING W®a
__TYpg s, THE _BLOCKS ARE OF LENGTH 160w, HALF THE USUAL BLOCK
LENGTH, DISC SPACE IS HANDLED IN GLABS oN AN AVAILASLE SPACE LIST
BY THE SCOPE MONITOR.
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TO SWITCH IN THE MM=-12
““““ "TERA 0 sSR3 ) T T o

12 0 4

TRA L1

EXR O /77776,CE}

" FER o~ /f77777,CEV

12 0 $1)

BCA 07707133

0CA O /133

LDR 0 SPES

TRA L2}

Ll FRROR EXIT

A MODULE NOT SWITUHABLE

L2 NORMAL EXIT

H MODULE SWITCZHED IN,CUNTROL [S UFF

TO RESTORE NORMAL USER SETTINGS

LLDR 169+1,PE}

LDR 13545, CE}
e FIORE 8. P
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B, THE H=MODULE

THE LAYOUT OF THE H«MODULE IS SHOWN IN FIGURE 93 THE ACTUAL
PATH OF THE SCANNER IS AS SHOWN IN THE SMALL FIGURE, 1IN ORDER NOT

TO UPSET THE SCANNER, [T IS DIVERTED MOMENTARILY TO A SMALL! LOOP,
LOCATIONS 0 AND 1 OF THE H-MODULE, ON ANY REARRANGEMENT OF THE

DISPLAY AREA,

THE SYSTEM MESSAGES SIT IN THE HeMODULE AND ARE MADE: VISIBLE

ON A GIVEN SCOPE BY SETTING THE LOWER BITS OF THE DELIMIT, SYSTEM
MESSAGES DISPLAY N 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 1S ENTERED IN THE PART OF THE CODE WHICH 1S 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

AND MARKS, FQOR THE ROUTINES SO FAR PASSED THROUGH, 1IN THE STACK
(THERE IS ONE STACK FOR EACH SCOPE), WHEN THE OPERATION IS

COMPLETE, IT CARRIES ON WHERE IT LEFT OFF.
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/160000 USED BY SCANNER
o ac - sTatewoRD 0 L.

41 INTERRUPT WORD | SCOPE 1 I NORMAL
12 POSITION WORD ; |
I - " o 1 _SCOPE 2 | CONSOLE e
L Y | SCOPE 3 | GROUPS = _
110 'y | ALTERNATE
120 v | CONSOLE - -
130 I (eRowPs -
150 INTERRUPT ENTRY POINT _
- 151 TRA ISR . ] B
152 CLOBRER WORD JROL e ) i
154 USER ENTRY POINT
155 TRa USER INTERFACE )
160 SYM3OL TABLE AND SYSTEM VARIABLES IN FIXED LOCATIONS
180-1700 TABLES AND ALL DATA USED BY THE SCOPE MONITOR
1700-3100 SYSTEM DISPLAY PAGES .. i
 3ipo-es00 SR o
4400-10000 ROUTINES FOR CARRYING OUT OPERATIONS
170000177777 DISPLAY AREA L
177776 __ DELIMIT TO | PROTECT = e o
177777 GYGLE TO DISPLAY PAGES
T - FIGURE o, T ) o
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THE COMPLETION OF AN OPERATION IS EITHZR TRIGBGERED BY AN

INTERRUPT LIKE THE COMPARE INTERRUPT ON THE RETURN CHARACTER, 0R,
IN THE CASE OF DISO_TRANSFERS, THE SCOPE MON]TOR KEEPS LOOKING TO

SEE IF IT CAN COMPUETE THE OPERATION, IN THIS GASE T0 ENTER THE
MAIN MONITOR DISC ROUTINES,

THIS TIME SMARING,  INTERRUPT PROCESSING, MEGHAVISH “WAS
DESIGNED AND IMPLEMENTED BY JERRY RIGHTNOUR,

D. INTERACTION WITH THE USER PROGRAM

THE B _ROUTINES ARE JUST A PART QF THE SCOPZ MONITOR WHICH 1S

EXECUTED BY THE NEW PROGRAM. FIGURE 10 IS THE INTERFACE ROUTINE,
ONE CALLS A B ROUTINE BY PUTTING THE NUMBER OF THE B ROUTINE IN

THE ACCUMULATOR AND THE SUCCESSIVE ARGUMENTS IN REGISTERS 52-54
AND PDOING A _TRM TO IO, JHIS BLOCK OF CODE IS INCLUDED IN THE B

PROCEDURE IN ALGOL.

USER INTERRUPTS ARE HANDLED DIFFERENTLY FROM INTERNAL

INTERRUPTS, THEY ARE CLASSIFIED IN THE ISR, 3UT GONTROL IS NOT
TRANSFERRED To THE USER PROGRAM UNTIL AFTER ALL THE SWITCHES AND

MAIN MONITOR REGISTERS HAVE BEEN RESTORED JJST BEFOR: CONTROL
WOULD BE TRANSFERRED BACK TO MAIN MONITOR, ~ AT THIS POINT, THE

SCOPE  MONITOR EXECUTES ANY USER INTERRUPTS BY TRANSFERRING WITH
CONTROL ON Tn 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 _[F THE FIRST INSTRUCTION TURNS. CONTROL

OFF,ONE CAN MAINTAIN CONTROL OFF IN AN INTERACTIVE: PROGRANM,
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ENT

USER INTERFACR ROUTINE

EXR 0 _/77776,CE1

___CONTROL OFF

o .sTt. w20y SAVE PARAMETER e "
ERA_ 0 » SR READ STATJUS REGISTER d
_ 1EZ_ 0§43 1S THE MM-12 SWITCHABLE

NO_EXIT

(DR 0 /20302,CE} SWITCH TO THE MM=12
R . CAL /1601523 GET THE CLOBRER WORD e
} 1U0 L10s IS IT INTACT _ B
TRA L23 NO EXIT
LOR_ 0 _ ,PE}  RESET MEMIRY PROTECT e
- cLa L20s  REFETCH THE PARAMETER -
TRM /1601543 ENTER THE SCOPE MONITOR
LO LDR  169+1.PE} _ RESTORE MEMORY PROTECT .
DR 133+5.CE} RESTORE CZ REGISTER i
TRE 1 103 EXIT |
e oLs o0 13 SET EXIT SWITCH TO ERROR ZSONDITION
_ TRA LOs o RIT . e
L10 ALF 1JRO1S CLOBBER WIRD
N 1 LWwp ¢ . TEMP - . =
LBL _ LS ] o .
o _ FIBURE 10. e
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E. THE TRANSIENT VERSION

IN  THE TRANSIENT VERSION UNDER DEVELOPEMENT,ONLY THE 18R AND
TABLES WILlL BE RESIDENT,OCCUPYING ABOUT 1500s WORDS, THE OTHER

ROUTINES AND THE SYSTEM MESSAGES ARE SWAPPED IN AS REQUIRED AND
ALL MODULES,WHETHER THEY BE SYSTEM CODE,USER (O0DE, SYSTEM MESSAGES

OR USER DISPLAYS,ARE TREATED EQUIVALENTLY IN THE SAME AVAILABLE
SPACE, THE SCHEDULING IS SUCH THAT MODULES ARE: KEPT 1N CORF AS

LONG AS POSSIBLE,TO MINIMISE UNNECESSARY SWAPPING, THUS , A USE OF
SEVERAL__RELATED _FACILITIES SHOULD INVOLVE NO SWAPPINA, IN THIS

WAY, FOR LIGHT USE THE TRANSIENT VERSION SHOULD RUN AS FAST AS THE
RESIDENT VERSINN, AND FOR HEAVY USE, EITHER CODZ QR DISPLAY AREA,

THE TRANSIENT VERSION WILL BE ABLE TO CARRY OUT OPERATIONS
IMPOSSIBLE FOR THE RESIDENT VERSION ,BUT WITH LESS EFFICIENCY AND

SLOWER RESPONSE.

BOAT LIBRARY

CARNEGIE-MELLON WNIVERSITY
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BCPL Syntax in Backus Normal Form

<cap> s:= A|B|...Z

<small> ::- alkl...z2

<digit> ::= 0}1]...9

<cctd> ::= Of1]...7

“nl> se= <cap:—|<small>[<digit>
<n2> ::* <nl>|<n2><nl>

<name> 13 <small>|<cap><n2>
<string> s:z ...

<strincconstant>

L4
ee= M "
:

= ML

<0l> ;2 <octd>|<ol><octd>
<cctn> ::: fB<ol»>

<decn> ::z <Jdigit>|<decn><digit>
<numker> ::z <decn>|<octn>
“2-0p> 1e3 <ol Ao faff-]Y
<3-op> 31z X|/1E*14/1 %

<d-op» ::: z|=|4%|f=

<5-op> $:= lshift|rshift

“b-op> ::2 Zfizfsiczfzizzileltz|gzlgtzlalfezld2l2=14<1412
<l-op> ::z &

<5_op: L3 = l

<9-0p> 3:2 eqv|negv

<primary-E> ::2 <string>|<string-corstants>|<number>|true|false|(E)|
valof<block> |<primary-E>(<E-list>)|<primary-E>[<E>] |

<name> | <string>|<stringconstant> | <number >

<2-E> 13> <primary-E>{<2-0p><2-E>
<3-E> gze:= <2_E>|<2_E><3*op><3_E>
<4-E> 23z <3—E>[<3—E><4~Op><4~E>
«5-E> sz <4_E>|<4_E><5-Qp><5_E>
<€-E> 312 <5-E>|<5-E><6-0p><6-E>
<«7J+E> gz:= <6_E>|<6_E><7-op><7-E>
<83-E> ::2 <7-E>|<7-E><B-op><8-E>
<9-FE> 32 <E-E>|<8-E><9-0p><9-E>
<E> g3z <9_E>i<9_E>:1<E>A<E>
<Ell> se¢z <E>|<E11>A<E>

<E-list> :;:= <null>|<Ell>

<nll> ::= <name>|<nll>, <name>
<D1l> ::z <nll>z<Ell->

<B2> :::- <name>{<namelist>)be<klock>
<D3> :::- <name>(<namelist>)z<E>
<D4> ::7 <name»:-vec<constant>

<manifestl>
<manifest2>
<manifest>
<glckall>
<global2>

<name>:-<ccnstant>

<null>|<manifest2>
<name>3<constant>
<globall>|<globall>;<global2>

= <manifestl>|<manifestl>;<manifest2>
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<global> ::= <null>|<globall> ]
<D5> ::= <D1»|<D2>|<D3>|<D4>]<manifest>|<glokal>
<D> 3:= <D5>}<D5%»also<D>

<Cl> 3= <REll»>3z=<Fll>

<C2> g2z «F>(<F-list>)

<C3» 222 goto<F‘_,>

«*3> 33> hreak

<C4> ::2 return

«C5> g:2 finish

<Ch> s3:= resultiss<E>

<C7> ::z switchon<E>into<block>

<Cg8> ¢z <block=

<{(09» s3= <C1>]:C2>|<C3>‘<C4>|<C5>]¢C6>|<C7>[<C8>

<Cl0= 3:= if<E>then<C>

<Cll> ::= test<E>then<C>else<C>

<Cl2> s:= unless<E>do<C>

<Cl3> :::- while<E>dg-<C>

<Cl4> t:- until<E>do=<C>

<C15> gss2= £9£<name>icE>EQ<E»QQ<C>

<Cle> ::z <C9>repeat

<Cl7> :::= <CO9>regeatwhile<E>

<Cl8> ::= <CO9>repeatuntil<E>

<C19> g3z <CO>[<Cl0>|<Cli>|<Cl2>|<Cl3>]|<Cl4>[<C15>]
«<C1l6>]<Cl7>|<Ci8>

<i.1> 3:= <name=>j

<L2> 1= case<constant>:

<I,3> ::- default:

<L> s:= <Ll>|<L2>}<L3>

<C» ssxz <Cl9>|<L><C>

<Clist> = <null=)3<C>=<Clist>

<hody> <D><Dlist><Clist>]|<C><Clist»

<Dlist> ::= <null>|j<D><Dlist>
<block> ze= $(<body>%) :



