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ABSTRACT

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

" events is possible if one 1s willing to appeal to the Krohn-Rhodes machine

decomposition theorem,



1. INTRODUCTYION

The star-free events are the family of regplar eventé 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, EA, MA> with QA a finite set

A A
(of states), ¥ a finite set €of inputs), and M a set of functions

A A A A
Mﬂi Q -»Q 'indexed by g € L. The mapping ﬂ: is abbreviated WJA". The

element qu € QA is the next state of q € QA under input g ¢ EA. For

4 A A A .
x € ") the mapping x + Q 5 Q is defined i{nductively: AA is the
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identity map on QAwhere A is the null werd in CEA)*, and if x = yg

A A
Oy

for y € CSA)* and g E‘EA, then xA is yA o cA. Hence, (xy)A= x
for all x, y ¢ (EA)*u For x € CEA)* and integers k =z 0, xk i3 the
concatenation of x with itself k times; x0 = 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
semigroup GA under composition, GA is called the semigroup of A,

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

ing EB CZEA, QB .c:QA and the mapping gB is the restriction of UA to

QB for each o € EB. B 1s a homomorphic image of A providing that

EA = EB and there is an onto mapping 1): QA haQB such that 1 © oB = UAO m

for each g € EA. The mapping T is called a homomorphism of A onto B.

A covers B, in symbols "A 2 B" if and only if B is a homomorphic image
of a subsemiautomaton of A,

A A A
An automaton is & quintuple A = <QA, ,8, FA, MA> where

A= <QA, EA, M&> is a semiautomaton, called the semiautomaton of ﬁ,sA

A

A A
is an element of Q <called the start state, and F 1= a subset of Q

A
called the final states., The event accepted by @ 1s {x € (€T )* | s hit € 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 defimed inductively as follows:

Definition 1. Let © be a finite set (of inputs), The singleton {o} is

a star-free event over . If U, Vc g* are star-free events over T,
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then U U V, U (the complement of U yelative to ¥*}, and UV {the councatena-
tion of U and V) are star-free events over .. An event is star-free

over ¥ only by implication from the preceding clauses,

By DeMorgan's law, U NV =0 U ¥ and so star-free events are
also closed under intersection. Since the regular evenkts over ¥ include
the singletons and are closed under unlon, relative complementation,

and concatenation, it follows that every star-free event 1s regular.

Definition 2. (Papert-McNaughten) A regular event U< ¥* is a non-

counting regular event over ¥ 1f and only 1f there 1s an integer kLF 2 0

such that for all x, y, 2 € §*

k k. +1
U U
Xy z€Ueaxy 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 1s a noncounting

regular event.

Proof. The singleton {g} is'trivially a noncounting regular event for
every g € L (choose k[c; = 2}{ g0 it is sufficient to show that if U
and V are noncounting regular events over'g, then so are U | V, ﬁ, and
uv,

let k = maxfku,kvi. Then for any x, y, z © ©v*, xykz EU UV

k k-k k- E 41 k-k
= Xy U(F UZ} E U or xy (¥ kvz} € Ve xy v (y Uz} c U or
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kel o

xy - (y z) € V& xy ]z e UyvVv, Thus, Uy V is a noncounting

regular event with k= max[ku, kvi.

ugv

k k eyl k!

Similarly, xy v, € Ue xy Y, £ Ue xy Uy g Ue xy z €0,

so that U is a noncounting regular event with kﬁ = kU.

k
Finally, let k = 2-max{ku,kv}+ 1 and suppose xy z € UV, Then

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

u = xyk/zw for some w € ¥¥, or that v = w'yk/z

k -
the first case, 4 = xyk/zw = Xy U(yk/2 ku

Koo+
- k/2 +1
xy u (yk/z ky xy /

z for some w'e ¥¥. In

w) € U implies that

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

second case, v = w' k/22 € V similarly implies that w'yk/2 +1z
» y

k4

€V,
k+1 1

Hence, in either case xy z € UV. Conversely, if xy 'z € UV the

argument can clearly be reversed to show that xykz ¢ UV, Thus, UV is

a noncounting regular event with kUV = 2'max(ku,kV}+ 1. Q.E.D,

k
If U is a noncounting regular event over ¥ and g €%, theng UE u

implies that U contains all words in g* of length at least ku. Therefore,
either U N og* or U o* is a finite event, The regular event (og)* is

neither finite nor has finite complement, which proves:

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

are a proper subfamily of the regular events,

4, GROUP-FREE EVENTS

Associated with any event U C £% is a congruence relation,= {(mod U),

on % defined for w, y € ¥* by:

w=y (mod U) © (vx, z €¥*¥)[x w2z cUe xyz € U]
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Noncounting regular events are thus those regular events U such that

ky Kyt
y =Y (mod U) for all y € %,

The relatlon between this congruence and automata is an immediate
consequence of the familiar theorems of Nerode and Myhill (cf, Rabin
and Scott [1959]): if U is a regular event, then there is an automaton
ﬁ accepting U (viz., the reduced automaton accepting U} such that

A
=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 S. A semigroup
is group-free 1f and only if all its subgroups are isomorphic to the
trivial group with one element. A semiautomaton is group-free if and
only if the semigroup of the semiautomaton is group-free. A regular
set U is group-free if and only 1f there is an automaton ﬁ accepting U

such that the semiautomaton A of ﬁ is group—frée.

Temma 2, Let S be a semigroup, If there is an Integer k 2 0 such that

sk= sk‘M for all s ¢ S, then S is group-free,

Proof. Let G be a subgroup of 5, and let g be an element of G, Then

k ki k, -T.k_ k+l -1k
g=g impliese=g (g ) =g (g )

= g where 3-1 is the inverse
of g in G and e is the identity of G. Hence, G = [e} is the trivial

group. Q.E.D.

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

event,

ky kgt
Proof. If U is a noncounting regular event, theny "=y (mod U)




k.~ lyv~H A A
implies that (v ) = (¥ 3 in the reduced autematon A accepting U.
, . A A . .
Hence, (_VA) = (y/\ for every element v € G , and Cﬁ\ 13 group-free
by lemma 2. Q.E.D,

5, DECOMPOSITION INTO RESETS

The machine decomposition theorem cof Krohn and Rhodes supplies
the kev step in the proof that group-free events are star-free.
A A B
Definition 4. Let A and B be semiautoemata and tu. Q@ x E ->E . The

cascade product A 8 B of A and B with mapping w 1s the scmiautomaton

C with Q'= Q" x Qf, E° = E* and °~ lor a € E° dclined lor all s* £ Q-
B B .
s € Q by:
<A *\ a® - oV, 8«3, >u))’>.
A cascade product of three or more automata is defined bv associa-
tion to the lelt, c¢c.g., a cascade product of semiautomata A, B, and C

is any semiauntomaten (A Z!}A)S?*'.,C for any mappings and with appro-

priate domain and range.

R
Definition 5. A semiautomaton R is a reset providing Q¢ = f1.,2}, and

R . . . . R R
E i3 the umion ol three mutually exclusive sets E,. S™, Ej such that:

=%

a € EA => range (") = 113 a € E2 == range (") = [2>; and 6
R . . R
a - the identity on Q .

The following weak form of the decomposition theorem is sufficient
for our purposes (for u constructive prool of the genceral theorem sce

Ginzburg |[1968]):

Theorem. (Krohn-Rhodes)  Every semiautomaton A 1s covered by a cascade

product of semiautomata A,, A, A, such that for 1 <; 1 £ ,, A



A-
iz 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 fellowing lemma is immediate:

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

product of resets,

Corollary 3. Every group-free regular event 1s accepted by an automaton

whose semlautomaton is a cascade product of resets,

Proof. Let ﬁ, with group-frees 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 7 of a subsemiautomaton
of a cascade product C of resets. There is no loss of genérality in
assuming'that EA = EC, since the subsemiﬁutomaton of C obtained by
restricting EC to EA is also a cascade product of resets which covers

A. Choose any sC c QC such that scﬂ = sﬁ {the start state of ﬁ] and
define FC = {q £ QC [ g T € FA}. Then for any x £ (gﬂ]*, xEUe

sA'xA < F& = scﬂ xA e FA ] squﬂ [ FA'ﬁ scxc =4 FC. Hence, the automaton
ﬁ with éemiautomaton C, start state sc, and final states FC is the

required automaton accepting U, Q.E.D,
€. 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, @ € Q , the set qu

- A A
of p-g-inputs is fx € () | DK = q}. _

Lemma 4. Let C = B & R with B a semiautomaton, R a reset, and
e QB b EB —9ER. If qu is a star-free event {over EB} for all p, q € QB,

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

Proof. Write "p" for the (equal) sets EB and EC. By the definition

of cascade product, the first component of <p, 1> yc is simply pyB for

any p £ QB, ¥ E,E*. 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 £ Ei’for some
rea’, g ez

B
Suppose x £ Then px = gq and so x € qu, but also

C<p,'|><q,2>'

x must equal y g z for some vy, z € E*, g £ such that: pyB= r for soma

r € QB and <r, g W £ E?. Choose the shortest z such that x = y-g Z

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

causes R to receive an input <s, £ w £ E% {(vhere s € QB, 5 ET), 1.e,,
: *

z£B B ST .

*
Conversely, if pyB= r for <r, oo W € Ei and z é_BrUB 5T for any
]

s

R .
<s,5? w £ E], then ygz € C<p,1><q,2> providing ygz E_qu. Altogether,

one has:

Cep,1<q, 7 Bpq M1V By o Wy o 62

the '‘lefthand union being over all r € QB, g E T,such that <r,cw E,Ei,
and the righthand union being over all s ¢ QB, § £ & such that <s,f>w £ E?.

*
The unions in the expression fer q( are finite, and ¢ is

p,I><q,>

* —_—
a2 star-free event {3 = 5 and ﬁ = fg}ﬂrigtj, sao that C<P’]><q,2> is a

star-free event, The set of x € C

3 1
<p,1><q, 1> is precisely the set of




* B
x ¢ ¥ such that px = q and % ﬁ C i.e., C

<p, I><q, 2>’ <p,I><q, 1> ©

B Nnco and so0 C is also a star-free event.

P4 <p,1><q, >’ <p,1><q, 1>
Since the argument is symmetric in states 1 and 2 of QR, CEb ia

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-frec

event for all a,b ¢ QC.

B
Proof. Let R be a reset and B a semlautomaton such that @ = {p} and

EB = ER. For g € EB, define w: QB X EB m;ZR by the condition <p,gw = ¢-

In this trivial case of cascade product, R, K = (B8 R for
P » Ryy = B0 Ry 1o, 1o
%
all i, j € QR. Since BPP = CEB): is star-free, lemma 4 {mplies that
Rij is star-free,
The rest of the proof follows immmediately by lesma 4 and induction

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

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

A 13 a cascade product of resets, 1s a star-free event.

Proof, Let.a ¢ QA be the start state of Q, and FA the final states,
The event accepted by A is U A Aab which 1s a star-free event since

beF

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

b

This completes the proof of the following

Theorem. (SchUtzenberger, Papert-McNaughton) The following are
equivalent for events U CZE*:
1) U is a star-frec event,
2) U is a noncounting regular event.

3) U is a group-free event.

4) U is accepted by a cascade product of resets,
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SCOPES - 3

1. PREFACE

THIS MANUAL DESERIBES HOUW TO USE THE SCOPES., 1T 1S CONCERNED
MAINLY WITH SOFTWARE, AS THE HARDWARE IS TREATED DEFINITIVELY IN

THE CARNEGIE TECH, DOCUMENT! ti VISUAL DISPLAY SYSTEM SUJTABLE FOR
TIMESHARED USE' BY QUATSE, JESSE T,, LATEST VERSION DECEMSER 19068,

OBTATNED FROM THE COMPUTATION CENTER DOCUMENTATION STAFF, IN ORDER
TO USE THE SpOPES, IT IS SUFFICIENT TD READ THE DUATSE DDCUHENT

AND THE SCOPE WUSERS MaANUAL, THE QUATSE MANUAL SHOULD BE READ
FIRST, A BRIEF DESCRIPTION OF HARDWARE CONCEPTS AND TERMS IS5 GIVEN

IN SECTION 3. OF THIS MANUAL,

-THE SCOPES ARE SITUATED IN ROOM PHiB4, COMPUTATION CENTEN,

TELEPHONE EXTENSION 27, THEY ARE ON WHEN TELETYPES ARE DN, USUALLY
10000 AM TO MIDNIGHT AND HAVE NORMAL TELETYPE TURN=ROUND TIME,

EXCEPT THAT PROGRAMS SUBMITTED FROM SCOPES RUN AT THE BEGINNING OF
THE WAIT TIME, 1,E.» IMMEDIATELY, TO ALLOW THE JSER TO BE: PRESENT

AT RUN TIME AND T0 ENTERAGCT WITH HIS PROGRAM, AT PRESENT ONLY 3
MINUTE PROGRAMS OAN BE RUN, AND ONLY PROGRAMS SUBMITTED FROM

SCOPES CAN INTERACT WITH THE SCOPES,

ﬁNLY 4L_LOWED YSERS CAN USE THE SCOPES, IN DRﬁEﬁ TC BECOME &N

ALLOWED USER, ONE SHOULD CONTACT A, H, BOND, €. ©C. EXTENSION &6,
THE MAIN USES OF THE SCOPES: ARE EXPECTED TO BE FORt (A) PROGRAMS

NEEDING ON-LINE DYNAMICAL: GRAPHICAL DISPLAY:r AND (B) INTERACTIVE
PROGRAMS, THAT IS, PROGRAMS WHICH COMMUNICATE WITH! THE HUMaN WHILE

-RUNNING, AND CaAN BE BUIDED AND INFLUENCED BY THE HUMWAN, THE VERY
GENERAL DISPLAY EQUIPMENT ALLOWS A GREAT VARIETY OF METHODS OF

MAN-PROBRAM INTERACTION,

THE SYSTEM 1S STILL UNDER DEVELOPMENT AND ATTEMPTS TOD USE

SOME FEATURES WILL YIELD THE ERROR MESSAGE TSURRY, “NOT YET
IMP_EMENTED®, MOWEVER, THE SCORPE USERS MANUAL WILL® 8E KEPT

STRICTLY UP TO BATE WITH CURRENT IMPLEMENTATION, THE: DATE OF
REWRITING IS SHOWN ON THE FRONT COVER, BETWEEN REWRITINGS, aNY

CORRECTIONS To THE MaMUAL. ARE KEPT ON AN AND FILFE, &ND CAN 3E
OBTAINED BY EXECUTING

USER CR384R14;: FILE 81/P; GET TO §) RUN,AND,TAPE:
ALLOW 5 PAGES 4ND 2 MINUTES,

FURTHER COPIES OF THE FULL MANUAL CAN BE OBTAINED BY ExEcuTIMs
USER CR3BAB14: FILE B82/P5 GET TO $3 RUN, AND,TAPE)

ALLOW &0 PAQES AND & MINUTES. , o
OR FROM a H BOND,




2, INTRODUCTION AND SUMMARY

THE SCOPES CAN BE USED OFF~LINE, THAT 15, wITHOUT USING THE ~~ ~
_ _CENTRAL_PROCESSOR DF THE G=21, IN FACT, ONLY USINA ONE BK MODULE

OF MEMORY, OFF-_INE, OME CAN ENTER GHARACTERS ONTO THE SCOPE FaZE
FROM THE KEYBDARDS AND ENTER VECTORS (LINES), JNE CAM aLS9Q ALTER

EXISTING DISPLAY BY DELETION AND INSERTION OF ELEMENTS, AND ONE

__CAN  TRANSLATE (MOVE) PARTS OF THE DISPLAY TO OTHER PARTS OF THE

SCREEN, THE REST OF THE G-21 CAN OPERATE NORMALLY, THE OFF-LINE
CAPABILITIES ARE THE SURJECT OF J, QUATSE'S MANUAL, THEY CAN ALSD

BE USED W[TH TRE SCOPE MONITOR LOADED. THE SCOPE MINITOR 15
AUXILIARY TO THE HAIN G=214 MONITOR AND WOR4S ON aN INTERRUPT

BASIS, NORMAL USER PROGRAMS CAN BE PROCESSED BY THE G»21 AND WHEN

SOME SCODPE COMPUTATION 1S NEEDED, THE USER PROGR2AM IS INTERRUPTED
FOR A FEW MILLISECONDS.

IN  THIS WAY THE SCOPE MONITOR CAN SNATCH BRIEF SPELLS OF

COMPUTATION TO C4RRY OUT MANAGERIAL FUNCTIONS AS DESIRED 3Y THE
USER, THIS 1S DONE BY PRESSING THE APPROPRIATE INTERRUPT BUTTONS,

THE MEANINGS CIRRENTLY ASSOCIATED WITH THE BUTTONS ARE SHOWN Bv'nu
EXPLANATORY DISPLAY, THE FACILITIES PROVIDED 8Y THE SCOPE MONITIR

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, AUXILTARY DRAWING
OPERATIONS LIKE LIAHT=PEN TRACKING, THERE ARE DESUGSINA FACZILITIES

WITH 4 DYNAMIC CORE DISPLAY AND ON=LINE PATCHING AND TRANSFER

_ FACILITIES, — -

IN ADDITION TO INTERRUPTS FRODUCED BY THE [NTERRUPT BUTTONS,
THE SCOPE MONITOR RECEIVES [NTERRUPTS ONCE EVERY SECOND, TRIGGERED

BY THE G-20 REAL-TIME CLOCK, RELYING DONLY ON THESE CLOCK PULSES TO
PROCESS REQUESTS WOULD LEAD TO TOO LONG & RESPONSE TIME, THE CLOCK

PULSE ENABLES THE SCOPE MONITYOR TO FROVIDE CONTINUOUS MODE

OPERATIONS SuUcH 45 THE DYNAMIC CORE DUMP, THE ROTATION MORE AND

THE CURVE DRAWING MODE.

IMTERACTIVE PROGRAMS CaN BE WRITTEN IN ANY PROGRAMMING

LANGUAGE.  THEY CAN COMMUNTCATE WITN THE SCOPES BY USING THF '8

ROUTINES!' PROVIDED AY THE SCOPE MONITOR {THESE AR%E LIKE | ROUTINES

IN THE MAIN MONITOR)Y, USING THESE, A PROGRAM CaN SET UP A GENERAL
__GRAPHICAL DISPLAY aND CaN EXAMINE A GRAPHICAL ﬂIsanv ENTERED BY A
THUMAN, THE HUMAN AND PROGRAM ARE TREATED MORE OR LESS EQUIVALENTLY
BY THE SCOPSS, #ND THE SCOPES PROVIDE A GbHER&L;W ARPID AND
"~ TRANSPARENT INTERTACE  BETWEEN  THEM  TO PERMIT MaN-MACHINE
COQPERATION ON A PROBLEM,
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INTERACTION WITH THE PROGRAM CAN CONSIST CF EACH READING
DISPLAY MATERIAL SET UP BY THE OTHERj] AND. IN ADDITION«THERE ARE 8
STATE SWITCHES! AND_ 2 'ANALOG KNOBS »_ (GIVING A QUASI-CONTINUCUS
VARIABLE>» WHICH CAN"BE SET BY THE HUMAN AND READ BY THE PROGRAM
USING 2 ROUTINES.__ ALSO THE USEJL CAN DEFINE HIS 3WN_ INTERRUPTS AMD
THE SCOPE MONITOR WILL PASS CONTROL TO THE DEFINED POINTS IN HIS
PROGRAM WHEN HE PRESSES THE APPROPRIATE BUTTON.

THE 8 ROUTINES ARE DESCRIBED IN SECTION 7. TWEW 1s A
'B-PRQCEDURE' IN ALGOL AND FORML WHICH CALLS THE B ROUTINES, AND

ALSO MANY USEFUL SUBPROGRAMS IN  THESE LANGUAGES AND IN SFITE.
THESE ARE KEPT ON AND FILES AND ARE DESCRIBED IN SECTION 8.

SIMILAR SUBPROGRAMS CAN BE WRITTEN IN ANY LANGUAGE AVAILABLE ON
THE e- ei .

INTERACTION WITH "USER PROGRAMS CAN ONLY OCCUR DURING THE
SHORT RUN TIME OF THE PROGRAMBUT WE ARE TRYING TO MAKE IT EASY
FOR  ANY USER TO WRITE A »SUBSYSTEM-, WHICH WOULD BE ESSENTIALLY
PART OF__THE SCOPE MONITOR__AND _ OPERATE ON AN INTERRUPT BASI1S.
MODULES OF CODE ARE "KEPT ON SCOPE FILES AND SWAPPED IN BY THE
SCOPE MONjTOR AS NEEDED AND AS SPACE ALLOWS. IT IS ONLY POSSIBLE
TG  WRITE SUCH MODULES IN ASSEMBLY LANGUAGE AND THETR" STZE I8
RESTRICTED TO <3K; HOWEVER, A SUBSYSTEM CAN CONSIST OF AN
ARBITRARY NUMBER OF LINKED REENTRANT MODULES. SUBSYSTEMS ARE
DISCUSSED IN _SECTION_9, "

G"21 SYSTEMS AUXILIARY"TO THE SCOPE ~-MONTTC* ARE DESCRIBED""{N————
SECTJION__10 | FOR EXAMPLE kFSER_ SYSTEM | S NEEDED TO MOVE MATERIAL

BETWEEN AND FILES AND SCOPE FILES. "IN SECTION u, WE OUTLTNE THE
INTERNAL WORKING OF THE SCOPE MONITOR PROGRAM.




3. OFF LINE

.. SCOPES 6 _

USE, TERMS AND CONCEPTS

THERE A
__ROOM, THE ScO
RASTER POINT
SWITCHES__aND

RE 3 SCOPES, NUMBERED 1, 2,

3 FRow THE LEFT OF THE

PE _FACE 1S 10 INCHES RY 10 INCHES AVD WAS 1024 X 1024

S. THE 32 BUTTONS ALONGSIDE THE FACE ARE THE STATE
CONSTITUTE THE STATE WORD, THE

LOWER 2 ROWS ARFE

COLORED GREEN AND ARE FOR USE BY A USER PROGRAM,

- ON_IT IS L1T AND THE VALUE OF THE SWITCH IS 1,
'ANALOG KNOBS' KNOB 1 ABOVE KNOB 2,
ROGRAM; _THEIR VALUE VARIES FROM 0 TO 63 AND THE FULL _

SCREEN ARE 2
. BY A __USER_P
RANGE IS OBTA

INED IN HALF A TURN,

WHEN A SWITCH 1S

ON_THE LEFT OF THE

THESE CAN BE USED

ON_THE D

ESK, THERE ARE TWO KEYBOARDS,

CONTROL PANEL

CONSISTING OF:

USED EQUIVALENTLY,AND A

(1) 20 INTERRUPT BUTTONS NUMBERED 0=19

(II) A
_WHICH DIRECT

CURSOR CONTROL CONSISTING OF 4 BUTTONS TO INDIGATE
IoON TO MOVE THE CURSOR ON THE SCREZEN, THE CENTRAL

"BUTTON IN THE CONFIGURATION MAKES THE CURSOR MOVE

SLEW BAR MAKE

S IT MOVE EVEN FASTER,

FASTER, AND THE

(I11) TH

E MARK BAR

TO ENTER DISPLAY MATERIAL ON THE SCREEN ONE

FIRST NOTES FROM

THE 6TH ROW
THIS MEANS

OF STATE SWITCHES THAT THERE ARE 4
THAT ONE CAN HAVE 4 DIFFERENT INDEPENDENT DISPLAYS

YPAGES' FOR USE,

AVAILABLE, W
STATE SWITCH
ENTER MATERIA

HICH CAN BE MADE VISIBLE 8Y USING THE APPROPRIATE

AND SUPERIMPOSED AS DESIRED,

HOWEVER,

ONE SHOULD ONLY

L INTO ONE PAGE AT A TIME,

BEFORE

ONE CAN ENTER MATERIAL, ONE MUST

~ MONITOK, DES
MATERIAL _AND

PAGE NUMBER,.
THE PAGE ST

USE THE SCOPE

CRIBEN LATER, TO RESERVE SOME MEMDRY SPACE FOR TWE
TO DEFINE THAT SPACE TO CORRESPOND TO THE REQUIRED

TTALSN ONE MUST ENABLE THE PAGE ONE IS USING AND TURN
ATE SWITCH ON, THIS ALLOWS DISPLAY MATERIAL TO 8E

ENTERED MANUA
AND THIS DE
~ FOCUSED, cCH

LLY, WHEN A PAGE IS ENABLED,

FINES THE PLACE ON THE_SCREEN WHERE ATTENTION 1§

ARACTERS MAY NOW BE ENTERED FROM T4E KEYROARD IF ONE
__EETS_IEEWSIAIEM§NLIEHE§WIDﬁENTER AND CHARACTER,

1T HAS

A CURSOR VISIBLE

VECTORS
__BE _MANIPULA

tLINES) #™AY BE ENTERED MANUALLY AVD THE DISPLAY CAN

TED  WITH  CORRECTIONS,

DELETIONS,  INSERTIONS, =
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TRANSLATIONS, ETC,, AS DESCRIBED IN J,Q.M, MOST OPERATJONS ARE

"DOUBLE SIZE CHARACTERS BY SETTING A STATE SWITCH aAND ONE CAN GET

UONE BY SETTING THME STATE SW]TCHES TO THE APPROPRIATE VALUES,
POSITIONING THE CURSOR AND PRESSING THE MARK BAR, ONE CAN INPUT

SUBSCRIPT SIZE CHARAETERS BY PRESSING =, ONE GETS BACK TD NORMAL

STZE BY PRESSING , MARGINS ARE ENTERED BY POSITIONING THE CURSOR
AND SETTING THE MARGIN STATE SWITCHES AND PRESSING 4ARK, MARBINS

AND ALL OTHER CONTROL SYMBOLS CaAN NOT ONLY BE 9ADE VISTBLE BY A
STATE SWITCH, THEY CAN ALSO BE MANIPULATED IN EXACTLY THE SAME WAY

AS NORMAL SYMBOLS.

TO CLEAR A PAGE OF ALL MATERIAL, IT MUST BE VISIBLE AND

ENABLEL, AND ONE THEN SETS THE CLEAR STATE SWITCH, THE SPACE
RESERVED FOR THE PAGE IS STILL THERE AND IT IS STILL ENABLED AFTER

~ THE CLEAR OPERATION.

ONE  SHOULD ONLY HAVE ONE PAGE ENABLED AT ANY ONE TIME, AS

THERE 1S ONLY ONE CURSOR POSITION,

MARGINS CONTROL ONLY TEXT ENTERED AFTER THEYM AND ONE CAN HAVE

SEVERAL MARGINS ON ONE PAGE, IN THE ABSENCE OF YARGINS THE ENN OF
THE SCREEN 1S AN EFFECTIVE MARGIN WHEN ONE DOES A RETURN

CHARACTER, IF DISPLAY MOVES OFF THE SCREEN [N ANY DIRECTION IT

'WRAPS ROQOUND' AND APPEARS ON THE OTHER EDGE OF THE. SCREEN}
SIMILARLY FOR THE CURSOR POSITION, .

THE LIGHT PEN CaAN BE USED 70 POSITION THE CURSOR AT AN

EXISTING DISPLAY ELEMENT, ONE POINTS THE LIGHT PEN AT THE ELEMENT
AND THE CURSOR WILL AUTOMATICALLY MOVE THERE, IT MAY BE NECESSARY

TO INCREASE THE BRIGMTNESS TO GET IT TO WORK.

THE SCREEN FACE CAN BE PHOTOGRAPHED IN COLOR OR 3LACK AND

WHITE WITH AN ORDINARY CAMERA, THE ENGINEERING GROUF HAS A
POLAROID CAMERA FOR THIS PURPOSE, ALSO THERE IS A SPECIAL HARD

COPY DEVICE,UNDER DEVELOPMENT RY THE ENGINEERING GROUP,WHIAH TaKES
AN ACTUAL SIZE NEGATIVE [IMAGE OF THE SCREEN DNIRECTLY ONTOD

PHOTOSENSITIVE PAPER, SO THAT THE LINES AND CHARACTERS ARE BLACK

ON  WHITE, ENQUIRIES ABOUT THIS EQUIPMENT SHOULD RE DIRECTED TO

BEAD BRINKER,C,C, EXTENSION 75, OPINIONS AND IDEAS ON THE HARDWARE
SHOULD BE SENT TO THE ENGINEERING GROUP, THERE 1S NOW AVATLABLE A&
- RAND TABLET,WHICH GAN BE ATTACHED TO EITHER SCOPE 1 0R SCOPE 2,
IT CAN BE USED AS A POINTING DEVICE LIKE THE _IGHKT PEN, BUT IN

_ CONTINUQUSLY INTO THE PAGE GIVINC CURSOR TIACKING AND CURVE

~ AUDITION IT ACTS LIXKE THE MARK BAR, FURTHER, IT WILL ENTER LINES

~ DRAWING, INSTRUCTIONS ON 1TS USE ARE TO BE FOUND IN A FOLDER WITH

THE EQUIPMENT, ENQUIRIES ABOUT IT_SHOULD BE SENT TO DICK SHOUP.,
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4, THE SCOPE MONITOR
A. GENERAL LAYOUT AND OPTION STATE

THE SCOPE HONITDR PROVIDES A RANGE OF FACILITIES WHIGH ARE
LINKED TO THE INTERRUPT RUTTONS, THE MEANING OF THE RUTTONS IS
____REDEFIMED AS ONE_USES VARIOUS 'STATES' OF _THE SCOPE MONITOR, WHEN

ONE F1IRST APPROACHES A SCOPE, AFTER THE SCOPZ MONITOR HAS REEN
__LOADED, IT_ HMAS 'THIS SPACE RESERVED FOR SYSTEM MESSAGES! ON THE

BOTTOM OF THE SCREEN, IN THIS STATE, EVERY INTEXRUPT BUTTON LEADS
TO THE LOB-IN_ STATE (FIG. 1) AND THE USER_MUST ENTER HIS FULL 6-21
"USAGE NUMBER AT THE POSITION OF THE CURSOR, THZ= CURSOR IS5 SET BY
THE  SCOPE_ MONITOR AND THE STATE SWITCHES &RE SET TD ENTER,
CHARACTER, PAGE ¢ (IF THIS DOESN'T HAPPEN, SET THEM 3Y HAND),
AFTER TYPING TWE USAGE NUMBER, PRESS RETURN, TH:Z RETURN CHARACTER
IS USED BY THE SCOPE MONITOR AS A COMPARE INTERRUPT, AND TELLS IT
~ TO READ IN THE CHARAGTER JUST TYPED BY TME USER, IF THE NUMBER WAS
MISTYPED, OR DOES NOT BELONG TO AN ALLOWED USER, THE MESSAGE
'SORRY __NOT __ACCEPTABLE' WILL APPEAR, OTHERWISE, IT WILL 60 TO
OPTION STATE AND DISPLAY THE MEANINGS OF THE INTERRUPT BuUTTONS IN
- THIS__STATE, _ THE ORTION STATE IS THE TOP-LEVEL OF A HIERARCHY OF

" STATES AND WITH IT ONE SELECTS ANOTHER STATE.

NOTE THE WORD 'STATE' 18 USED TO DESCRIBE THE CONDITION OF
THE SCOPE MONITOR AND THE DEFIN[ITION OF INTERRUPTS IN THaT
CONDITION, _ EACH WAS AN _ASSOGIATED SYSTEM 'PAGE' AND SO SOMETIMES
THE WORD *PAGE' REFERS TO A ‘*STATE?', OCCASIONALLY, THE CONDITION
OF _THME SCOPF_ MONITOR IS DESCRIBED AS A 'MODE', ESPECTALLY [F IT 1§
DDING AN QPERATION CONTINUOUSLY, THE USE OF THESE WORDS SHOULND 3E
DISTINGUISHED FROM THEIR USE IN OFF=L INE USE, THERE IS SOFTWARE
STATE, PAGE AND MODE DISTINCT FROM HARDWARE STATE, PAGE AND MODE,
IT IS HOPED _THAT NO GONFUSION WILL ARISE, THUS THE MEANIN3S OF THE

BUTTONS IN THE OPTIGN STATE ARE ALL 'CHANGE STATE TO --»=-B8TATE?,
THE VARIOUS STATES ARE DESCRIRED BELOW, IN EVERY STATE, INTERRUPT
0 ALWAYS MEANS GO BACK TO OPTION SYATE, INTERRUPTS 17, 18, AND {9
ARE CURRENTLY USED FOR SYSTEM MAINTENANCE AND SHOULD NOT 3& USED,

THE "DISPLAYS USED BY THE SCOPE MONITOR GCANNDT BE ALTERED B8Y
THE USER AS THEY ARE IN ALTERNATE MODE, EVEN THOUGH PABE 1 IS USED

BY THE SCOFPE MONITOR, 1T CAN ALSD RE usEb"aY THE USER AS A uonnat
FAQE, ‘

TTWHEN TYPING IN MORE THAN ONE VALUE TO THE SCDPE MONITOR, DO A
RETURN _AFTER EACH VALUE AND THE SCOPE MONITOR WILL REPDSITION THE
CURSOR,
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LO0G -~ IN L
ENTER YOUR USAGE NUMBER HERE

TH!S SPACE RESERVED FOR SYSTEM MESSAGES

FIGURE 1
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IN EACH STATE, THE MEANING OF THE INTERRUPTS ARE DISPLAYED BY

A SYSTEM PAGE, THIS DOES NOT INTERFERE WITH THE USER DISPLAY AND

CAN__BE_TURNED ON OR OFF (MADE VISIBLE OR INVISIBLE) IN ANY STATE

BY USING INTERRUPT 1, ON PRESSING AN INTERRUPT BUTTON, ITS NUMBER
IS DISPLAYED IN THE BOTTOM RIGHT HAND CORNER OF THE SCREEN, DURING

THE PROCESSING OF AN INTERRUPT THE NUMBER IS MADE TO FLASH, THE

USER SHOULD NOT PRRESS 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 REQGUIRING THE

SCOPE FILES INVOLVE THE USE OF THE DISC AND ONE MAY HAVE T0 WAIT
FOR THE DISC T0 BEGCOME AVAILABLE FOR A SECOND OR TWO, THE NUMRBER

WILL ALSO FLASH WHILE TYPING IN VALUES OF PARAMETERS TO THE SCOPE
MONITOR, IN THIS CASE, ONE CAN CONTINUE TO ENTER PARAMETERS,

LOG ouT

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

USER OUT AND THE MESSAGE 'LOGGED OUT' IS DISPLAYED.




SCOPES 11

B. MAWABEMENT STATE

AN ALLOWED US AR BESESFE FILES U1

THE MEANTNG 0F THE TNTERRUFTS TN TWIS STATE ARE GHOWN BY TWHE
SYSTEM DISPL}T; REPRQDUCED IN FIGURE 2.

1 TO 20 WHICH ARE ARBITRARY IN SIZE, HE CAM SAVE DISPLAY WATERIAL

ON THESE FILES PERMANENTLY BY USING INTERRUPY 2, HE CAH WOVE Taf
CONTENTS ©OF A PREVIOUSLY STORED FILE TD & PAGE DISPLAYED 8Y USING

T T INTERRUPT 3,  WHEN USING 3, SPACE DDES NOT HAVE TO HE RESERVED FOR

THE PAGE, IT 15 DOME AUTOMATICALLY, TINDEED ANY MATERIAL' DY THaAT

FAGE BEFORE IS CLEARED, ONE CAN GET A DIRECTORY OF THME SEOPE FILEF
BY PRESSING INTERRUPT 5, THE DISPLAY IS LIKE FIGURE 3, iT SHO#S

THE BASE (RECORD NUMBER) 4AND LENGTM OF THE RECORD ON THE DISC.
THIS IS NOT OF MUCH USE TO THE NORMAL USER EXCEPT TQ SEE THAT &
FILE 15 PRESENT OR HAS CHANGED IN LENGTH,

INTERRUPTS 4, & -~ & HANDLE THE RESERVED SPaCE FOR THE PABES,

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

FOR USE BY 3 SCOPES., A PAQE PACKED SOLID WITHW DISPLAY PROSASBLY
NEEDS 4 BLOCKS OF SPACE, )

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

INTERRUPT 9 DELETES A& PAGE} 1I1,E.., IT REMOVES THE SPACE

RESERVED FOR THAT PAGE AND MAKES [T AVAILABLE FOR OTHER USE, USING

8 MERELY DISENABLES & PAGE AND KEEPS THE SPACE RESERVED.
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_ MANAGEMENT _ PAGE . . e
-PRESS INTERRUPT NUMBER e —
2. SaVE PAGBE AS SCOPE FILE
3. . READ IN _SEO0PE  FILE AS PAQE -
8. APPEND PAGE 10 PAGE S, i —

5. DISPLAY DIRECTORY OF SCOP

E

FILES

7. _ENABLE  PAGE

6. GET __ BLOCKS

FOR PAGE

8, DISENABLE _ PA&E
9. DELETE PAGE
- _ FIGURE 2 ... e



DIRECTORY FQR LCO02

FILE BASE LENGTH
00. 000 000
01. 576 002
02. 535 002
03. 570 004
04. 533 002
05. 530 003
06. 525 003
07. 000 000
08. 000 000
09. 000 ooo
10. 000 ooo
11. 000 000
12. 000 000
13. 000 000
14, 000 000
15. 000 000
16. 000 000
17. 000 000
18. 000 000
19. 000 000
20, 000 000

THIS SPACE RESERVED FOR SYSTEM MESSAGES

FIGURE 3

MINT LIBRARY
CARNEGIE-MELLON UNIVERSITY
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Jla

INTERRUPT 4 WILL APPEND ONE PAGE_TO_ANOTHER 58 THAT THE SECOND
PAGE THEN Has THE DISPLAY MATERTAL OF BOTH, AND THE FIAST 1§
. UNCHANGED . = .

~ BELOW IS glVEN THE SEQUENCE OF ACTIONS REGUIAED T4 L0g IN aWD

SEY _UP_THE SCOPE FOR ENTERING CHARKCTERS WD LI%Z§ DN THE

__LINE MESSAGE ON

1. IF NG ONE

'LOGGEl' OUT!, IN THI

THE GPTION PAGE.

2. 1F_SOMEONE
GIVES THE OPTION P&G

_ 1S LOGGED IN ALREADY, |

IS LOGGED IN YET,

THE BOTTOM OF THE SCREEN,
PRESS INTERRUPT 0,
IN PAGE, TYPE [N YOUR USER NUHMBER xHWP_PRESS RETUAN,

S CASE,

E.

PRESS INTERRUPT 0o

SRERN,
THERE WILL JUST RE THE ONE
DR ELSE THE MESSAGE

T[S BIVES THE L DG~
_JHIS _#ILL BIVE

0 = THIS

IN THE OPT

" MANAGEMENT PAGE.

ION STaATE,

PRESS INTERRUPT 2.

THIS uIVES THE

PRESS RETURN,
RETURN,

THIS RESETS THE CURSOR TO AFTER
YOU NOW HAVE RESERVYED 2 BLOCKS 0OF SPACE 0N YUUH Pace 2,

4, IN THE MANAGEMENT STATE, PRESS INMTERRUPT 6, THI§ PUTS THE
CURSOR AFTER 'GET' AND DISPLAYS THE NUMBER 6 BLINKING IN THE
BOTTOM RIGHT HAND CORNER. TYPE THE FIGURE 2 FROYM THE KEY3DARD_AND

'2AGET, TYPE 2 aND

5

PRESS INTERRUPT 7,
LINE 7 OF THE MANAGEMENY PAGE,

THE CURSOR WILL

ALLOW nlsPLAY'MATERIAL

~ TYPE 2_AND_

APPEAR AFTER 'RAGE' ON
RETURN, PAGE P2 IS NOw

TO BE ENTERED FROM THE

ENABLED, AND WILL
___ CONSOLE,
6. PRESS INTERSUPT 1,
INVISIELE,
T, PRESS THE STATE
CURSOR,

“TSWITCH FOR PAGE 2,
USE THE CURSOR CONTROL TO POSITION THE CURSOR,

THIS MAKES THE MANAGZVYENT PAGE DISPLAY

T) TYPF IN

YOU SHOULD SEE &~

CHARAGTERS, PRESS GTATE SWITCHES ENTFR AND CHARAZTER aND THEN TYSE

FROM THE XKEYBOARD,

TO DRAW LINES,

PRESS STATE SWITCHES ENTER aND
TTUWECTOR AND USE THE CURSOR CONTROL &ND THE MARK HBaR,
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C. THE PROGRAM STATE

7 SEE FIGBURE 4.  THIS STATE ORGANIZES THE INITIATTON OF USER
___PROGRAMS AND USER SYSTEMS FROM THE SCQPE MONITOR, _ WHEN 4 PROGRAM
IS ACTUALLY INTERACTING WITH THRE SCOPES, THE SCOPE MONITOR SHOULD -
BE PUT IN USER PROGRAM INTERACTION STATE 03TAINABLE FROM THE
OPTION STATE, WOWEVER, ALL DRGAN]ZATION PRIOR 10 AND AFTER THE RUN

1S DONE WITH THE PROGRAM STATE.

T TUSueMIY A PROGRAM,ONE SHOULD. GET SOME BLOCKS FOR A PAGE 'AND
ENABLE 1T, THEN TYPE THE PROGRAM ONTO THAT PAGE, NOTE THAT THERE

ARE NG . TaB SETTINGS ON THE SCOPEST EVERYTHING MUST BE SPACED 3Y
HAND, ONE  CAN KEEP PROGRAMS ON SCOPE FILES ALSO AND PUT THEM ON

THE PAGE THAT WAY,  ONE WOULD USUALLY SET UP THZ PROGRAM WITH THE

PROGRAM PAGE SYSTEM DRISPLAY TURNED OFF,  THEN OME SHOULD TURN OFF

THE PAGE AND TURN OGN THE SYSTEM DISPLAY AGAIN USING INTERRUPT 1,

THE SUBMISSION OF A PROGRAM TAKES PLACE IN TWO STAGES, FIAST IT
MUST BE MOVED TO THE 'INPUT FILE'. THIS IS NOT 70 BE CDNF‘USED WITH

_ A SCOPE FILE, IT IS A _PSEUDQD TELETYPE RUFFER, SECOND, THE INPUT
FILE MUST 8E 'SUBMITTEDY TO RUN ON THE G=21, TO MOVE [T TO THE
INPUT FILE ONE SHOULD USE INTERRUPT 2. THIS CONVERTS THZ PROGRAM
TO (UPPER CASE) G-21 CHARACTERS AND PUTS IN A BLANK 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
T VALUES  OF TIME, PAGES AND SYSTEM REGUESTED ARZT YYPED IV AND PUT
INTO THE JOB CARD, AND THE JOB IS PLACED IN THE G-21 QUEUZ TO 3E

RUN,

WHEN IT RUNS, ANY TELETYPE OUTPUT IS 2UT IN THE 'OUTRUT
~ FILE', ONE CAN LOOK AT THE INPUT FILE OR THE OUTPUT FILE™SY USTNG ~ —
INTERRUPTS 5 AND &,  THESE MOVE THEM TO A DESIGNATED PAGES SPACE
— DUESNOT HAVE TO BE RESERVED Fdﬁ‘TﬁE“ﬁTﬁE‘!M“TﬂT§”ﬁ3ERAT10N.

.. INTERRUPTS 7 aND 8 ARE NOT YET IMPLEMENTED BUT WILL PERMIT 4
PERUSAL OF THE INSUT OR OUTPUT FILE.  THESE FILES ARE VERY MUCH™
LARGER THAN CAN BE FITTED ONTO A PAGE, AND INTERRUPTS 5 AND 6 JUST
LOOK AT THE FIRST FEW BLOCKS, AT THE WMOMENT, ONE CAN ONLY LOOK AT

_ THE REST OF ONE'S DUTPUT BY GETTING THE LINE PRINTER OUTPUT, THE
SCOPES 1, 2. AND 3 ARE EQUIVALENT TO TELETYPES VUMBER™S,7&, TAND 77 7

_HRESF.EQ_‘T_‘I.VELY_;_ AND LINE PRINTER OQUTPUT IS NJUMBERED WITH THESE
REMOTE NUMBERS.  ALSD THE JOB CARD HAS TH:Z WORDS "STOPES AND ~—
COURIER,  WHFN THE COURIER SERVICE 18 IN OPEIATION, OUTPUT IS
FLACED 0N THE TABLE TN PORTER HALL RASEMENT NEAR THAE SCO°ES ROOM, -
OTHERWISE, ASK FOR IT AT THE 1/0 COUNTER,
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WHILE A PROGRAM IS INTERACTING WITH THE SCOPES, THE SCOPE

MONITOR CAN STILL BE USED IN ANY STATE, THE INTERRUPTS DEFINED BY

__THE_ USER _WlLL_ ONLY BE PASSED TO THE USER PROGRAM WHEN THE SCOPE

MONITOR IS IN THE USER PROGRAM INTERACTION STATE,

T




PROGRAM PAGE

_PRESS INTERRUPT _ NUMBER . -~ R
2. _CONVERT PAGE _ AND MOVE TO [INPUT FILE ]
3, MOVE _PAQE (UNCONVERTED)Y TO INPUT FILE
s, SUBMIT INPUT FILE 1 TIME  PABES  SYSTEM
_ 5. DISPLAY INPUT FILE = AS PAGE
6. DISPLAY OUTPUT FILE  AS PAGE
T, FORWARD TEN LINES -
8. BACK TEN LINES
9. LOAD MONITOR MODULE  OF USER
10, TRANSFER TD ENTRY POINT  OF MODULE  OF USER
11, RELEASE MODULE  OF USER
12.  ALLOW PROGRAM FROM SCOPE  TO INTERACT

FIGURE 4,
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SUBMISSION, AND THIS LATTER INPUT FILE CANNOT BE LOOKED AT DR

THE INPUT FILE IS MOVED TO ANOTHER INACCESSIBLE INPUT FILE ON

ALTERED, HENCE, Ik YOU HAVE MADE A MISTAKE IV YDUR PROGRAM aND

HAVE ALREADY SUBMITTED 1T, YOU CANNOT RECALL ITs IT WILL BE RUN,
IF_YOU RESURMIT, PROBABLY BOTH WILL RUN,

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

IN HANDLED DIFFERENTLY, TO MAKE 1T EASIER TQOR THE USER 7O 3E

“"SCOPE PROGRAMS ONLY HAVE THE SAME PRIORITY 4§ NORMAL TELETYPE

PRESENT WHILE WIS PROGRAM IS RUNNING, ON SUBMISSION OF THE PROGRAM

IT GOES TO THE TOP OF THE QUEUE (SM PRIORITY) AND WILL' PROBABLY
_RUN WITHIN 40 MINUTES OF_ SUBMISSION. THE SCOPE MONITNDR COMPUTES,

AT THIS TIME, THE A_LOWED TIME OF NEXT SUBMISSION, ALLOWED TIME =
~ [REAL _TIME - (TIMF OF SUBMISSION OF CURRENTLY RUNNING PROGRAM)] +

REAL TIME,

 ALLOWED TIME. WHEN A PROGRAM 1S QUFEUED THERE IS N0 INDICATION THAT

A SUBSEQUENT ATTEMPT TO SUBMIT A PROGRAM WILL YIELD THE. ERROR
"MESSAGE 1SORRY NAT ACCEPTABLE', IF THE TIME THEN IS REFORE THE

IT IS QUEUED, WHEN IT FINISHES, THE SCOPE MONITOR DISPLAYS THWE
MESSAQE 'QUTPUT READY' AND THE USER CAN FIND TELETYPE 0JUTPUT IN

THE OUTPUT FILE.

INTERRUPTS 9 = 12 ARE NOT YEYT DEBUGGED AND ARE FOR WRITING

YUSER SCOPE MONITOR SUBSYSTEMS' OR 'USER MODULES', MODULES ARE
DISCUSSED IN SECTION 8,
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D, THE DEBUQR STATE

7 T SEE FIGURE 5., THIS DISPLAYS A DYNAMIC CORE DUMP OF ANY REGION
OF CORE OF THE G-21. THE REGION DISPLAY 1S SELECTED RY TURNING THE
~ANALOG KNOBS AND SETTING THE STATE SWITCHES,  AN0O8 1 IS THE LAST
TWO QOCTAL_DIMITSs KNOB 2 THE MIDDLE TWO) AND THE 80TTOM ROW OF
STATE SWITCHES IS THE TGP 4 BITS OF THE ADDRESS, WHILE THE DUMP T8
BEING DISPLAYED, IT IS TYING UP THE G=21, AND TAE USER PROSRAM IN

LOWER CORE IS NOT BEING PROCESSFD; HOWEVER, |INTERRUPTS CAN BE
____PROCESSED, THUS THIS FACILITY SHOULD BE USED SENSIBLY AND
"CERTAINLY NOT LEFT DISPLAYING FDR A LONG TIME,

THE INTERRUPTS ALLOW ONE TO PATCH THE CORE,  THIS 1S DONE 3Y
PUTTING A NUMBER INTO TWE TNPUT BOX. THE DEBUG STATe IS ENTERED IN
___CORRECT MODE, AND THE CURSOR 1S ENABLED, ONE MOVES THE CURSOR TO
THE INPUT BOX AND CORREGTS THE CONTENTS OF 173 THEN ONE SAOULD GET
OUT OF CORRECT MODE,

TINTERRUPT 1 CLEARS THE CONTENTS OF THE INPUT BOXTO ZERD,

INTERRUPT 2 STORES THE CONTENTS OF THZ INPUT RJX IN THE

LOCATION OF THE OCTAL DUMP WHICH IS UNDERLINEN,

INTERRUPT 3 PUTS THE CONTENTS OF THE UNDERLINED LOCATION INTO

-THE INFUT RBOX.

INTERRUPT 4 SWAPS THE CONTENTS OF THE [NPUT 30X WITH THOSE oF

~ THE UNDERLINERD LOCATION,

INTERRUPT 5 ALLOWS ONE TO TRANSFER TO aANY LOCATION:® QNE

PUACED "THE LGCATION N THE INPUT BOX AND THEN PRZSSES INYERRUPT 57
_THIS DOES A TRM WITH CONTROL OFF3 HOWEVER, NOTE THAT CE AND PE ARE

SET FOR THE SCnPE MONITOR, SO THaT B T T
(1)  THE USER HAD BETTER RESET THEM

T0 HIS OWN VALUES,

(11) HE MUST KEEP CONTROL OFF.
ALSO NOTE THAT
(111) HE MUST RETURN THROUGH HIS MARK.

CTFOCIY (11)Y ORELII)Y ARE VIOLATED, YOU WILL PROBABLY DESTROY —
_THE ENTIRE_WORLD, '
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THE USER CAN LOGK AT ANY REGION OF CORE) HOWEVER, HE CAMNOT
ALTER OR TRANSFER TO AN ADDRESS IF IT IS NOT IV USER CORE, I.E,,
—..IN_170 T0 /73000, _IF HE TRIES TO DO S0, THERE WILL HE NO RESPONSE
FROM THE SCOPE MONITOR,




SCOPES £

DEBUG PARE
0, OPTION PAGE
1. CLEAR THPUT
2, ST10ORE INPUT
T, LOaAD INPUT FROM MEMORY o
T 4, SWaP [NPUT - T
5. TRM
- 00000000000
T 005344 U0UN000000467F 0On000073626 00000001453 040500056832 —
005350 04550000100 04730005632 00050000100 05550006732
TIOR3 4 T 01730006732 QiLFF0007546 OO0O0DPOOOOD  p0OSGODCO04E
005360 00170005353 00050000002 01770076666 01770005300
005384 Govpoo000Nnd 01770003108 01770003108 001700604312

THIS SPACE RESERVED FOR SYSTEM MESSAGES:

FIGURE 5
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‘ TEXT HANDLING MODE _

PRESS INTERRUPT NUMBER _ o
2. SELECT PAGE - o o

J. SELEET FILE _
4. FORWARD TEN LINES o B B
5. BACKWARD TEN LINES e

6. GET TO §

a, NAME CURSOR POINT TO QB _

STRUCTURE PRINT

9, UNNAME STRUCTURE PTINT o )

10, GET TO POINT L -

11, DISPLAY DIRECTORY OF STRUCTURE POINTS

12. REaAD BLOCKS AT BLOCK FILE TO BLOCK PAGE )
13, WRITE BLOGKS AT BLOCK  FILE  TD BLOCK  PaGE
L FIGURE 6 S
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E. TEXT HANDLING STATE

SEE FIGURE 8. THIS STATE IS NOT YET DEBUGGED. IT DOES THE
MOYEMENT _AjVID__SCROLLJ NG_ (' ROLL ROUND »J OF TE XT, JT_IS DISTIMCT FROM
THE TEXTEDITING SYSTEM WHICH IS BEING DEVELOPED BY MIKt COLEMAN
AND 1S CONCERNED WITH TEXT MANIPULATION ON THE PAGE TO AUGMENT THE
FACILITIES PROVIDED BY THE HARDWARE.

TO PERUSE SOME TEXT, IT MUST BE ON A SCOPE_ FILG_._  IT CAN BE
MOVED ONTO A SCOPE" FILE FROM AN AND 'FILE BY JSINQ AN AUXILIARY "
SYSTEM (Q,V. > AUXI'LURY SYSTEMS WI/LL MOVE TEXT FROM AN ANO FILE
IN G-20 CHARACTERS AND CONVERT AND MOVE TO A SCOPE FILE AND WILL
MOVE IT BACKHAND J20NVERT IT BACK. OR WE CAM MOV EJT INSCOPE
CHARACTER'S UNCONVERTED BETWEEN AND FILE AND SCO=>E FILE AMO ALWAYS
KEEP IT IN SCOPE CHARACTERS, _UNTILJ T 1S NECESSARY_TO *INT_I_T_

OUT. * IT IS SUGGESTED THAT DOCUMENTATION USE THE LEAD SYSTEM. (SEE
SEPARATE WRITE-UP); IN WHICH ONE INSERTS TYPESETTING COMMANDS INTO
THE TEXT, SO if IS PRINTED OUT IN A PRESCRIBED FORMAT. fifE"LEAD
COMMANDS COULO_JF_KEPT_I_N_ALL JHE TIME AS PART OFJTH6 TEXT,__ IT IS
HOPED EVENTUALLY TO BE ABLE TO OUTPUT ON THE LINE PRINTER OF THE
360 _WN_ICH _HAS_ UPPER _ AND LOWER CASECHARACTERS, THE 3-20. _OF__

COURSE, HAS ONLY 64 CHARACTERS, INCLUDING ONLY UPPER CASE LETTERS"
HAVING GOT THE DOCUMENT INTO A SCOPE FILE,_ ONE SELECTS .THAT FILE
TTSING INTERRUPt 3 AND SELECTS A PAGE TO WORK ON USINO INTERRUPT 2.
THIS WILL AUTOMATICALLY GET 5 BLOCKS (AS MUCH AS CAM REASONABLY 3E
SEEN ON ONE "PAGE)" TOR THAT PAGE AND ENABLE IT.™ THERE IS A
SPECIALLY RES F.RVED__FILE__USED FOR_A JSCRATCH AREA _ANDONE CAN NOW_
ROLL THROUGH THE TEXT USING INTERRUPTS 4 AND"5. THIS SUCCESSIVELY
BHINGS _IN TEXT FROM__THE___SELECTEn_ f/E ONTO_THE_B80JTOM OF THE
SELECTED PAGE AND MOVES THE TOP OF THE PAGE fNTQ THE SCRTT'CH AREA,
ONE_ CAN JJSE THE HARDWARE FEATURES TO ALTER_THE T=XT,_ AND ALSO THE
SOFTWARE "TEXT EDITING "FEATURES PROVIDED BY THE" TEXT EDITING MODE."
FINALLY, TO PUT THE EDJJED TEXT ONTO A FILE (WHICH CAN BE THE SAME
ONE) " ONE EXECUTES GET TO <, WHICH PUTS EVERYTHING IN THE SCRATCH
AREA £_ SELECTS_A FILE, JAND_EXECUTES DUMP ONE_MAY NOT BE ABLE TO
BACK  UP' "THE" TEXT" ONTO 'THE SAME FILE AS if MAY~H~ATE ALTERED IN
LENGTH; HENGCE_ THE DUMP PROCEDURE SHOULD ALWAYS BE FOLLOWED. IN
ORDER TOWORK MORE EASILY, ESPECIALLY WITH LONG FIL=S, IMTERRUPTS
8__JTO_ _PROVIDE THE FACILITY OF IMPOSING STRUCTURE ONDTHERWISE
AMORPHOUS TEXT. THE ' TEXT IS TREATED AS A V=RY LONG STRING OF"
* "ARACTERS_AND CONTROL CHA RAC TERS_.___THE USERCAN NAME_ANY POINT IN
THE TEXT, BY "A 6 CHARACTER"NAME OF HIS" OWN CHOICE, RY G'ETTING THE
TEXT ONTO_ THE SCREEN, PLACING THE CURSOR AT THE POINT ANT) USIMG
INTERRUPT 8. ONE CAN MOVE THE POINT REFERENCED 3Y 4~GIVEM NAME 9Y
SIMPLY USING 8 AGAIN. ONE CAM REMOVE THE NAME ALTOGFTHER 3Y USING
9, AND ONE CAN DISPLAY ADIRECTORY OF NAMED POINTS CURRENTLY USED
BY_PRESSING INTERRUPT 11._ ONE_CAN _THEN GO JMMEDIATELY TO ANY NAMED
POINT" AND™ WORK "FROM THERE WITH 4 AND 'S AS THE" TEXT" MOVES RTC'KWAR D~
AND FORWARD, THE SCOPE MONITOR KEEPS TRACK OF TH= LOCATIOMS OF THE
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NAMED FOINTSS [T ACTUALLY PUTS A SCOPE ND=0P COMMAND (NO DPERATION

COMMAND) AT THE NAMED POINT, THE USE OF LINE NUMBERS IS5 CUMBERSOME
~.JO PROBRAM, 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 MNEEDED. AND

THIS HAS BEEN MADE AS FREE AS POSSIBLE,

F.  USER MANUAL ’ T - -
1T 1S HOPED THAT THIS USER MANUAL WILL BZ DISPLAYABLE FROM
THE SCOPE MONITOR) WOWEVER, THIS 15 NOT YET IMPLEMENTED,
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G, DRAWING STATE

T SEE FIGURE 7. THIS STATE IS INTENDED TO PROVIDE EXTRA

FACILITIES FOR CONSTRUCTING DISPLAY MATERIAL, NONE OF: IT IS

DERUBGED,

INTERRUPT 2 SELECTS A PAGE FOR ATTENTION,

INTERRUPT I PUTS ONE IN A ROTATION MODE, IN THIS MOnE, AS ONE
TURNS ANALOG KNOB I, THE VECTORS ON THE CURRENTLY SELSCTED PAGE

ARE ROTATED ABOUT THE PDSITION OF THE CURSOR,

INTERRUPT 4 PUTS ONE IN TRACKING MODRE, TH1S PUTS a4 TRACKING

"7 T FIGURET ON THE SELECTED PAGE, ONE CAN THEN USZ THE LIGHT PEN T

MOVE THE CURSOR AROQUND.

“INTERRUPT 5 PUTS ONE [N GURVE DRAWING MODE, IN THIS C4SE, &8
ONE MUVES THE CURSOR WITH THE LIGHT PEN, A CURVE IS DRAAN
PERMANENTLY INTO THE PAGE, |
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DRAWING MODE

PRESS INTERRUPT NUMBER

2 SELECT PAGE
3  ROTATIONAL MODE
4 _TRACKING MODE o o
g CURYE DRAWING MQDE
FIGURE 7
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H. USFR PROGRAM INTERACTION STATE

TN YHIS STATE, "THE WEANING OF TYHE INTERRUSTS ARE A5 DEFINED ~ 7~
~ BY THE USER PRQGRAM, THE USER PROGRAM DEFINES THEY 8Y CaLLIN@ R2S,
~  AND GIVING THE [INTERRUPT ENTRY POINT IN THE PROGRAM,  THIS 1§
EXPLAINED IN SECTION 6, ONE CAN ONLY GET INTO USER MIGE WHILE THE
PROGRAM 1S ACTUALLY RUNNING,

TTT. TEXT EDITINA STATE

THIS 1S & SUBSYSTEM BEING DEVELOPED BY MIKE COLEMAN,
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J. ERROR MESSAGES

"~ "ERROR MESSAGES FROM THE SCOPE MONITOR ARE FEW AND UNHELPFUL.
1T IS UsUalLLy_ _P0SSIBLE TO RECOVER AND JUST CARRY ON FROM THE

OPTION STAYE AFTER AN ERROR.

1. SORRY ROUTINE NOT YET IMPLEMENTED,

2. SORRY NOT ACCEPTABLE, INDICATES AN ARGUMENT IS NOT
ACCEPTABLE, UsUALLY OUT OF BOUNDS, ATTEMPTS TO USE A 2AGS WITH
NUMBER NOT IN [1, 4), ATTEMPTS TO READ IN A SCOPE FILE WITH

_ NOTHING__ON IT, ATTEMPTS 7O ALTER CORE LOCATIONS NOT IN USER CORE
WILL EVOKE THIS MESSAGE, THE STACK IS CLEARED, -

3. UNSPECIFIEND INTERRUPT, 1IF ONE PRESSES SJTTONS NOT DEFINED

BY THE SYSTEM DISPLAY,.

4, MULTIPLE [INTERRUPT ERROR WILL OCCUR IF MORE THAN ONE

INTERRUPT 1S REQUESTED; FOR EXAMPLE, IF ONE 1S REQUESTED BEFORE &4
PREVIOUS ONE HAS _BEEN _PROCESSED, . ALL INTEIRUPT REGJESTS ARE

REMOVED, AND YOU MUST REREQUEST,.

5. . PaNlc. THIS INDICATES THAT YOU HAVE RUN OUT OJF SPACE,

EITHER CORE SPACE, DISC OR STACK SPARE. IT INITIALIZES THE STACOK
AND REMOVES CONTINUOUS MODE OPERATIONS, YOU SHOULD BE ABLE TO

RECOVEF, IF 1T 18 CORE SPACE, DELETING UNWANTED CORE BLICKS WILL
HELP,

6, ADDROP <ADDRESS>., THIS SHOULDN'T EVER HA®RPEN, [IF IT DNES,
WRITE DOWN THE VALUE OF THE ADDRESS AND SEND 1T TO A, 4, BOND,

YOU MAY WELL BE ABLE TO RECOVER FROM THIS ERROR CONDITION,

7. USER ERRDR: THIS INDICATES AN ERROR HAS OCCURRED IN THE
CALLING Of A B8 ROUTINE BY THE USER PROGRAM,  YOU CAN RZMOVE THE
ERROR MESSAGE DISPLAY BY GUING BACK TO OPTION STATE MOMENTARILY,

AN ERROR CONDITION 1S INDICATED T0 THE PROGRAM AND AV ERRJIR NUMBER
1S PASSED ToO IT. A LIST IS GIVEN AT THE END OF CHAPTER 7.°

ST g T T UG OMETIMES,  AS A RESULT  OF A SERTES TOF TTRARTIALLYS
RECOVEKABLE ERRORS, THE SCOPE MONITOR GRADUALLY DRGENERATES AND

EXHIBTITS ANOMALOUS BEHAVIOR, LIKE SETTING RANDOM PATTERNS ON THE
~ STATE LIGHTS, eTC.  IN THIS CASE, IT I§ TIME TO RELOAD, ALSO, IF




YOU DO NOT RECOVER CORRECTLY FROM ANY OF THE ERROR 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 CDNVENIE“T

TIME., HARDWARE ERRORS OR FAULTS SHOULD BE REPORTED TO THE RESIDENT

PHILCO CUSTOM ENGINEERS, €. _C. _EXT. __39, WHO ARE IN SHARGE OF

THARDWARE MAINTENANGE,

8cQPEs 29
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A TYPICaL OUTPUT DEVICE,LIKE A DISC 0% PRINTER,&ITH aN

_AUTONOMOUS CONTROL UNIT, WORKS AS FOLLOWS! THE JUTPUT MaTERIAL 1S

PLACED 1IN & RBUFFER WHICH IS5 PART NF THE ADDRESSAALE CORE, IT MAY
HAVE TOD RE_ A4 SPECIAL ARFA OR CAN BF ANY [ DCATION, THIS MATERIAL IS

IN BIT PATTERNS CORRESPONDING TO OPERATIONS PERFORMZD BY THE
QUTPUT DEVIGE, THE DBYIOUS CASE IS THE CHARADTER, THERE MAY3E

"OTHERS WHICH CONTROL THE OPERATION OF THE DEVICE LIKE NEW LINE
ETC. THE TRANSFER 1S THEN INITIATED BY THE C® WHICH CARRIES ON

WITH OTHER TASKS WHILE THE 1/0 CONTROL UNIT PERFORMS THE 1/0

TRANSFER, THE__CP _AND TWE 1,0 CONTROL UNIT COMMUNICATE :!THER 3Y

MUTUALLY ALTERABLE SENSE SWITCHES OR RY INTERRU’T. THE 170 UNIT
_MILL __SET AN INTERRUPT 8!T_WHEN READY START AND MWHEN

TRANSMISSION 1S COMPLETE TYPICALLY, A CP CAH " 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 OF THE 1/0

DEVICE, INPUT FROM 4 TYPEWRITER USUALLY TRANSFERS A SINGLE
CHARACTER OR t INE OF CHARACTERS Tn A BUFFER AND INTERRUPTS THE CP

WHICH READS FROM THE BUFFER TO A PACKING AREA, SCOPES ARE SOMEWHAT
MORE GENERAL. THE 1/0 MATERIAL IS PLACED IN A BUFFER FOR THE SGOPE

CONTROLLER TO nISPL4AY, MOST OF THIS MATERIAL HAS TO RE INTERPRETED

AS_ COMMANDS TO THE SCOPE. MOST SCOPES ARE ANDOM SCAN TURES,

MEANING THAT THE BEAM CAN MOVE EQUALLY. EASILY TD ANYWHZRZ ON THE
TURE FAGCE AND FURTHER IMPLYING THAT ONLY THOSE PCINTS rIﬁLICITLY

MENTIONED WILL BE SCANNED. THIS IS IN CONTRAST TO & TELEVISION
WHERE EVERY POINT ON THE FARE SCANNED IN TURN,  OUR SCO9ES ONLY

HAVE TWO LEVELS OF BRIGHTNESS, BAUT SOME HAVE FIVE IR MORZ,
TELEVISION HAS A LARGE RANGE OF BRIGHTNESS AVATLAJLE, THJS THF 1/

0 MATERIAL CDONSISTS OF 4 SERIES OF COMMANDS TQ TH4E 8%a4 TI MOVE TO
A CERTAIN POINT, DRAW 4 LINE TO ANOTHER POINTs NOW MOVE SOMEWHERE

ELSE, NOW DISPLAY A CERT AIN CHARACTER AND SO ON, THERE ¥AY 3E
SPECIAL BITS FOR BLANKING CERTAIN ELEMENT S, ALTERING THE SI7E

ETC. ALSO THE SNOPES CUTPUT FUNCTION IS A REGENERATIVE P30 CESS
AND WE HAYE TO INSTRUCT THE BEAM T0 DO THE SAYE SCAN SEVERAL TIMES

A SECOND TG GIVE A CONTINUOUS DISPLAY., T4JS & TYPICAL BLOCK
USUALLY OF WORDS OF GRAPHIC

[/70 MATERIAL 1S SOMETHING LIKE THIS:
Al START SCANNING HERE

MOVE TO XD,¥YD
DRAW LINE TO X1,Y1

DRAW LINE TO X2,Y2
MOVE TO %3,¥3

DRAW CHARACTER NDO 32
LOOP RACK TO A%

“OUR SCOPES HAVE A VERY NIOE WAY OF SCANNING, THE DISPLAY MATERIAL

IS SETUP AS RFE LOCATABLE BLOCKS WITH TRANSFER COMMANDS WHICH MUST

CONNECT UP TO BIVE A LOOP AROUND WHICH THE SCOPE SCAMNNER OPERATES,

__THE DISPLAY MATERIAL MUST BE IN ONE_SP ECIAL REGION OF ADDRESSABLE




G-20 CORE 17. /160000 TO £177777, THE ADDRZSSES USE N0 3Y THE

SCOPE SCANNER &RE RELATIVE TO /160000 a4ND THERZFDR% RAN3Z FROM 0

T0 s47 777. RACH NF THE THREE SCOPFS CAN HAVE 4 P#3ES AND INﬂEcﬂ

EACH PICTURE IN THE CORE IS A SEPARATE MODULE OF DISPLAY YaT=RIaL
~ THE LAYOUT IS SOMETHING LIKE THIS!

41 NELIMIT A2 PAGE 1 SCOPE 1
DISPLAY MATERIAL

'STORE COMMAND

a2 DELIMIT a2 PAGE 72 SCOPE 1 AND 3
NISPLAY MATERTAL

. . ... _STORE COMMAND

A3 ceyOLE 7O a2
THE SCANNER ENTERS A MODULE. REMEMRERS THE FlH:T ANRD, UMTIL IT

HITS A STORE oM MAND, THEN JUMPS Tn THF ADORESS MEWTIONZD IN THE

FIRSYT WORD, FaCH DISPLAY MODUL & CAN BE DISPLAYZD O~ ONE OF PAGES

_ MATERIAL CAN BE CHANGED BY A PROGRAM FREELY ALTHOUSH ONZ S HOULD

1 THROUGH 4 ON ANY COMBINATION OF SCOPES 1, 2, axD 3, THZ DISPLAY

~ ALWAYS PRESENT A WELL-FORMED DISPLAY TO THE SCuaNNFR,  IVPUT DR

CORRECTION DF DISPLAY MATERIAL FROM THE HUMaAN 4T THE qCD“‘ CAN BE

ACHIEVED USINR THE KEYBDA RD OR RAND TARLET. THE INRUTOF RITS
INTO THE ADDRESSBLE MEMORY 1S DONE RY THE SCANNER AS 1T SCaNs

TROUND,  ONE  OF THE “ADVANTAGES OF THE MODULAR LAYDUT IS THAT NEW
MATERIAL 1S SIMPLY APPENDED TO THE END OF THE 4PPRNPRIATS MODULE

AND THE STO RE COMMAND MOVED DOWN,  THE SCaNN=2 WILL KEZ® appliNg

— NEW MATERIAL AS REQUESTED U NTIL IT HITS AGAINST TWZ NEXT DELIMIT

AT WHICH TIME 1T WILL GENERATE A MEMORY F ULL INTERAURT, VATIFYING
THE SCOPE  MOWITOR, AND WILL REFUSE TO ENTER avNy “MDRE, 1 NoUT

_ENABLED FOR THa T SCOPE AND THAT INPUT DEVICE, THE UESIGNATION IS

BY MEANS OF CERTAIN BITS IN T HE DELIMIT WORD, THERE IS DN 31T To

ENABLE THE MODULE FOR ALl ENTRY, VECTORS AND CHA4RACTERS FAOM aNY

ACTUALLY WILL BE PLACED IN  ANY DISPLAY MIDULE DESISNATED 4§

T TO0F T THE T SCOP=S DESIGNATED, AND TWO OTHER BITS “OR THzZ X2Y354 ROS
FOR THE PARTICULAR SCOPE. THE FULL DELIMIT COMMAND IS

| 3 O Aveess gt | A | E |Key | Score DELIMIT
%1 o oy F T | A T S T | ]
~THE PAGE FIEFLD 15 2 BITS,S50 CaAN BE 0=4,1.,2,3, A INDICATES
ALTERNATE MONE-YSUALL ¥ OWNLY USEN RY SCOPR MANITIR, = IS THE
GENERAL ENABLE RIT, KEY IS 2 BITS ONE F OR £424 KFYRO0ARD. FOUR

- CUNSOLES ARE  PROVIDED FOR RBUT DMLf"x“tMSTALtED.' CIF SEVER aL T

__MODULES ARE FNABLED FOR THE SAME NEVICE, THE INPUT MATERIAL WILL

T BE ENTERED IN ALL OF THEM, THE NORMAL USENR WEVER SEES 3R HAS TO

BOTHER WITH THE D&LIMIT, STORE OR CYCLE COMMANDS, THESE 4ARE

MAMAGED FOR HWIM B3Y THE & ROUTINES, IT IS ARIANGZD AS & SET OF

STRINGS,FITHER CHARACTER STRINGS OR VECTOR STRINGS WITH 4 HEADZR

COMMAND AT THF FROMT TO INDICATE TWE STARTING POINT JN THE SCRFEN,
__THUS A DISPLAY OF ILINES AND CHARACTERS 1S LIKE THIS

— T T HEADER YO XD
' U_CTDR INCREMENT Y1 X1
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YVECTOR INCREMENT Y2 X2

HEADER Y3 X3
CHARACTERS c1 €2 C3

CHARACTERS C4 C5 Cé
STORE

THE ACTUAL FORM OF THESE WORDS {S AS FOLLOWS

- ILEELEVANT \; )(D Heaver

11 3o i9 o 4 o T
| 2 0 ¢y |sx|T{8 AY AX yeemr

71 14 11 A&+ e 19 10 9 o

SY, SX ARE SInN BITS, B IS THE BLANKING BIT, IF SET THE VECTOR

~ INCREMENT 1S [NV ISISLE, T IS THE TaG BIT, If S=T THEN WILL BLIVK

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

[0 C1i Ti{ <] Ca |Tals} ¢33 [is|sz]| CreAcTERS

31 3¢ 1§ a2l 2e IH Tz 11 ¢ 9 T F O
T IS TAG B8IT.S IS SIZE BIT, IF SET CHARACTZR IS DOU3Le SIZE,

CHARACTERS ARE SCOPE CHARACTER SET a8 GIVEN [N THE HARDWARE
MANUAL, IN 4 ALGBOL-20 A WaY TO SET UP THESE WORDS IS SOQMETHING

LTKE _
HEADER » BL3 + Y0 # 8R 4000 + X0J

VECTING = BL120 + SY # 2¢23 + SXe2+22
+ T » 2421 + Bel2+20

+ DELX#2¢40 + DELYX}

CHARS » 812 + (C1 # 4 + Ty#2+351)
w2+20 '
- (C2#d +T2#2 «52) »2¢1)

. * (CInd 4TI%2+53))
SUCH MATERIAL SHOULD BE PACKED INTO AN ALGOL LOGIC ARRAY [N NORMaL

CORE AND THEN 83 CALLED TO MOVE IT TO A& DESTENATED FASE IN THE T
DISPLAY AREA., OTHER SCOPE DPERA TIONS AVAILABLE ARE

LEFT
| 3 O E >( MARGIN
3 Ly Ed q ¢ )
| 4 0 B X |
3 Iy 2o ‘} P

WHICH SET MARGINS FOR MATERTAL APPEARING AFTER THEM 1H THWEZ- MODULE,

:  CoMpmi
C

[ § 0

Y 14 - ﬂ 1 e
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THIS SETS_ A "*OMPARE_TR.A£ ON A CERTAIN CHARACTER KEYBOARD ENDIMG
AFTER THIS WORD IN THIS MODULE. IF THIS CHARACTER 18 TYPED IN. IT
IS ENTERED <IN .THE MODULE AND AND INTERRUPT IS GENERATED BY THE
SCANNER. THIS TS PROCESSED BY THE SCOPE MONITO R AND CAN 35 PASSED

TO A USER PROGRAM ENTRY POINT |IF DESIRED.

1
o 1 pots' ZE& o

%\ o 2.1

NO-OP_ HAS NO EFFECT ON THE SCANNER, CAN 8= USED FOR KEEPING
INFORMATION AQOUT TH E PICTURE WITH THE PICTUR- FOR CONVIEMT
_PROCESSLNG, NOTE THAT_DOUB_L.E__SIZE CHARA CTERS ARE OBTAINED 3Y
SETTING THE SI7E BIT, BUT SUBSCRIPT SIZE CHARACTERS BY IMC LUDING
_THE__SU3SCRIPT SHIFT CHARACTER _IN THE, STRING. AN EXAMPLE OF A
PROGRAM SEG MENT IN ALGOL-20 FOR DISPLAYING A SQUARE SIDE 100
START ING_ AT (200,500), _

LOGIC ARRAY A[iJ201 J

ACl]«-_yEADER(20_0.J.00>J

At2I-VECTORUON,0,0))
AC3]VECIPRI0,100,0 )1

A[4IM/ECTOR("100,0,0>)
_A(51«-VEGTOR(0,-100,0):
B(3,LOC(Atl], PAGE* 0,0,0))
IO _ALSO PUT THR.WORD..1SOUARE' AT (200,30n} WE_CAM USE Bp JO CONVERT

TO THE SCOPE CHARACTER CONVENTIONS

ctu-"SouA'
C[2)-«RE »
B(O»LOC(CIU), LOC<AE7J).6,0,0)1

Al61-HEADER (200,300)J
B(3# LOCtII6])_, P_AGEJ),_0)j

USING THE SCQOPE ALGOL LIBRARY, ONE DOESN'T HAVE TO USE THIS

GENERALITY _IN_ SETTJN- G UP A DISPLAY. THE_SAM= DISPLAY COULD 3E

ACHIEVED BY
LINE(200 , 300, 300, 500 )J
LINE(300,500,300.,400))

LINE(300,400, 30400 )J
LINE(2d6, s00 30b"'5 OT%)
AlU-"SQUA") B 3
AC23*-'RE "
B(2,L.0OC{ All) ) ,2,200,300,PAGE) )
BUT WOULD BE MORE WASTEFUL, AS EACH CALL OF LINE PRODUCES AHEADER
_A"JOECTORJ"_CREMEjMT _WORD_.
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6. WRITING INTERAGTIVE PROGRAMS,

A. THE B ROUTINES = =

ALL  INTERACYION =~ "BETWEEN PROGRAM — AND —~ THE "STORES IS
ACCOMPLISHED AY USING THE R ROUTINES, THE B ROUTINES ARE AZCESSSD

THROUGH & SPECTAL INTERFACING ROUTINE, THESE MEGAANISMS NZED NEVER
BOTHER THE AVERAGE  USER, IF HE SIMPLY USES THE GOPIES OF THE R

ROUTINES IN THE SCOPE SUBPROGRAM LTARARY (SECTION 7Y,  "THUS IN
___ALGOL=-20 OR FOQRMULA ALGOL ONE SIMPLY WRITE3:

B {ANUM, aRG1, ARGZ, ARU3T, ARG4, ARGS)) AND [N BSPITE

B BNUM, aRGy, 4RG2, ,...1 BNUM IS THE NUMBER OF THE 3 ROUTINE
REGUIRED, NOT ALL ARGUMENTS ARE USED FOR ALL B 0UTINES, MOST 5F 7
THEM HAVE TO DO WITH PASSING INFDRHATIDN FROM THE PROGR&Y TD THE
SCOPES, BUT 4 FEW GO THE OTHER Wav1? " G.., RB, AHICH IEADS THE
_ ANALDG KNORS, IN THE DESCRIPTION nf THE 8 ROUTINES, 4381, ETC,
ARE DENDTEN HY RS2 =TC, IT71S TO BE NOTED THAT THE ValLUZS OF "THE
__ _ARGUMENTS ARE CHANGEB BY 4 CaLL ON 4 B ROUTINE, AND THIS CAN LEAD
TO HAVOCT E.G.» CALLING BB WITH ZERDS FOR ARGUYENTS 4 AND 8 WILL
CAUSE THE ALGOL GONSTANT 0 TO BE REPLACED BY ANJITH4ER VALUE, TO
AVOID THIS ONE CAN USE A GLOBAL BOOLEAN VARTABLE OJT, I+ 00T 1%
FALSE, _THEN NO OUTPUT OF VALUES WILL OCCUR, AND NG OVZIRARITING
WILL OCCUR., 1IF OUT TS TRUE, OUTPUT WILL OCCLUR, ayD, I8 TH15 rgasec,
ONE GAN PUT SOME DUMMY AQQUMENTS [N THE PARAMETER LIST, IF THE
T LOCATION OF SOME DATA IN AN ARRAY OR SCaALAR TDENTIFIER 15 NEEDED, 7
ONE MUST USE LIARARY INTEGFR PROCFDURE LDC IN ALBOL D3 FORML,
WHICH FINDS THE ADODRESS WHERE THE ACTUAL VALUES ARE STONZD, THUS
LOC (A (1)) IS THE ADDRESS CONTAINING THE VALUE OF ariy. 0% IS IN
T THE SEOPE L1A%ARY FORALUGOU DR FORML,  TF YOU NEZD THE LOZATION OF
A PROCEDURE FENTRY POINT OR LABEL, YOU USE THE LIBRAIY INTEGER
____ FROCEDURES PROCLOG OR UABELLOE RESPECTIVELY TN ACGDL=2n " A{LTAE ™ 7777

ARAQUMENTS TQ 8 4RE INTEGERS, IF 4N ERROR OCCURS DN CaLLING B DUE _
T Y0 INCORRECT ARGUMENTS, § WILL PRINT AN ERROR M=855aR% &WD s&Y

BANUM=s -1, THE REASONS FORX ERRORS ARE DESCRIAED IN DETAIL IN THE
TDESCRIPTION " OF THe B ROUTINES IN SECTION 6, THE DETAILS J3F THE
INTERFACE ARE RIVEN IN SECTION 10, IN ADRITION, AND OV & HIGHER
TLEVEL THAN THE B ROUTINES, THERE ARE SEVERAL USE~UL SUAPRIZIAMS IN
ALGOL, FORML AND SPITE IN_THE LIBRARY FOR NOING HIB4ER LFVEL
TASKS, FAR EXAMPLE, PROCEDURE HUM (X, Y, w) WILL TALE & REAL
VARIABLE N ANM DISPLAY IT AT X,¥Y IN -50,3Z (0OR 78,3) FORYaT, THE
FULL 170 FACTLITIES OF ALGOL=20 CAN HE USED IV READING FROM AND
*PRINTING! TD THE DISPLAY PAGE, TRIS IS5 SIMPLY ACHISVED JSING THE
SCoPE LTBRARY PROCEDURES READ,PAGE AND PRINT,ON,24GE5 ,AHICH ARE
EXACTLY AM&LNAOUS TO READ(CW>) AND PRINT(CW>). E. G, IEAD, PAGE
TTHEADS 4 CARD FROM THAE SEOPE FACE INTQO A BUFFER, WHAIUH TRV THEN 3&
READ IN THE USUAL WAY WITW & READ STATEMENT, AT ORESENT, 4 PROGRAM
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____CAN_ ONLY _INTERACT WITW TWE SCOPES IF IT HAS BEEY _SURMITTEOD FROM &
SCOPE AND IF THE JNBCARD USER IS LNBGED IN ON THaT SCOPE, AT THE
__ TERMINATION OF A USER PROGRAM CONTROL GOES TO 10 4ND THINZS BACK
TO SCOPE MONITOR TD ALLOW IT TO UNSET ALL THE SAITCHER SET 3¥ THE

. PROGRAM, _HENCE THE_USER SHDULD NOT PFATCH IO,

BEFORE INTERAOTION CAN DCCUR THE PROGAAM MUST ANNOUNCE TTSELF
BY CALLING R-1

b o — o e ———— e m

70T DTSPLAY CTEXT. T ONE'S  PROGRAM WILL NORWALLY SET IT UP IN
8-20 CHARAGTERS, S0 ONE HAS TQ CONVERT TO SCIPE CHARAZTERS AND
MOVE IT TO THE SCOPE DISPLAY REGION,

B 0 AND 9 1 WILL CONVERT TEXT RETWEEN G=20 JHARACTEI 3ET AND
SCOPE CHARACTER SET.

B 2 CONYERTS TEXT _AND MOVES IT TD DISPLAY REGIOM IN DNE
OPERATION,

B 3 MOVES & REGIONM ALREADY IN SCOPE FORYAT TO THZ DISPLAY
REGION,

TO DISPLAY VEGTORS, ONE MUST SET THEM yP IN & (DAGIC ARRAY aND

USE 8 3, ONE CaN EASILY SET UP A DESIRED LOGIT ARRAY USING
.._PROCEDURES HEADER, VECTOR, LINE, CURVE, ETC, 815, B16, B17, B48

~ONE MUST  RESSRVE SPACE IN THE DISPLAY ARZW 8Y CALLING B13)
THE PABE PpOES NOT NEED T0O BE FEMABLED FDR THZ PROGRAM TO ENTER

DISPLAY MATERIAL BUT "NEEDS TO BE ENARLED FOR THE HUMAN USER TH
ENTER DISPLAY MATERIAL,

- Bis, 817, B1B  ENABLE, DISENABLE AND UELETE A PABE
 RESPECTIVELY.

B19 APPENDS JNS PAQE TO ANUTHER

 B20 DISENABLES ALL PAGES,

B27 TAND T B3 TACTUALLY APPEND NEW DISPFLAY MATERTAL YO THE
EXISTING PAGE,
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828 CLEARS A PAGE, B4 AND B5 PERFORM RECIPROCAL OPERATIONS TO

B2 AND B3 IN COPYING DISPLAY MATERIAL FROM A GIVEN PAGE INTO &
GIVEN ARRAY IN THE: USER PROGRAM, =

B4  CONVERTS ALL TEXT TO G-21 CHARACTER 5=T AND IGVORES ALL
_ VECTORS, THE ARRAY COULD THEN BE PRINTED OUT IN A FORMAT,

~ B5 COPIES WITHOUT CONVERSION, A PROGRAM CaN ONLY DERUTE

INFORMATION A30UT THE DISPLAY BY COPYING IT INTO AN ARRAY AND

SEARCHING THE AREA FOR FEATURES LIKE KEYWORDS,

86, 87, B8, B1n, 811 PROVIDE COMMUNICATION WITH THE CURSOR, ANALOG
KNOBS AND USER STATFE SWITCHES,

B6 READS THE CURSOR.

B7 SETS THE CURSOR,

7 BH READS THE ANALOG KNOBS AND STAYE T
SWITCHES, - -
T BI0 READS THE STATE SWITCHES oNLY,
B11 SETS THE ST~A_TE ;;IT_C_H;S—. - R - -
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B. USER INTERRUPTS

(1) B12,813,822,B24 ARE FOR COMPARE INTERRU®TS, B13 DEFINES

'THE USER ENTRY POINT TO BE ENTERED WHEN A COMPARZ INTERRUAT OCCURS
ON_ANY CHARACTER,

THIS OCCURS IN ANY STATE OF THE SCOPE MONITOR,

EXCEPT DURING TYPING INTO THE SCOPE MONITOR, WHICH USES A COMPARE
B12 SETS COMPARE INTERRUPT ON A SPECIFIED CHARACTER FOR

__CHARACTER,

A SPECIFIED PAGE,

'SCOPE_ MON!
CHARACTER

TJOR.
oN

A

B22 RESETS THE COMPARE ROUTINE TO THE STANDARD
ROUTINE, 821 REMOVES COMPARE ON A SPECIFIED

SPECIFIED PAGE, B24 SETS AN ENABLED CURSOR AND

INTERRUPT ROUTINE ON A SPECIFIED CHARACTER,

© (I1) B14,B23 ARE FOR THE MEMORY FULL INTERRJUPT, 8 14 SETS THE

__USER__ENTRY

__PAINT WHICH IS ENTERED ON MEMORY FulLL. 923 RESETS.

MEMORY FULL ROUTINE TO THE STANDARN SCOPE MONITOR ROUTINE,

| CIIly
BUTTONS 11/
_MONITOR 1S

825

)
IN

IN THE USER PROGRAM AND FOR CONTROL TD BE PASSZD TO THE
SPECIFIEN PROCEDURE OR ENTRY POINT,

CINTERRUPT

DEFINES THE USER ENTRY POINT FDR THE INTERRUPT

AFTER H25 HAS REEN EXECUTED AND PROVIDED THE SCOPE
USER MODE, THE INTERRUPT BUTTONS WILL CAUSF AN

ALGOL PROGRAMS

IN ALGOL-20 THE ENTRY POINT OF A PROCEDURE OR THE LODCaTION OF
A LABEL CAN RE USED AS THE USER INTERRUPT ENTRY POIWT, THE cobE

FOLLOWING

WwILL

NORMALLY MAKE DECISIONS ABOUT THE CUMPUTATION 4ND

CAN BE CALLED THE USER [NTERRUPT SERVICE ROUTINE {UJSR). a4 SIMPLE

_WAY TO DEFINE THE INTERRUPTS AND ENTRY POINT ISt

WH
WH

LBL T3;

cLa 0 Tz

AL V5eACC:

J

AL B(25,V5,ETn))

THE INTERR
PROGRAM AND
WH T1

AL ETC
THIS CAN

upPT
ag

ENTRY POINT WOULD THEN nCCUR AT THE 80TTOM OF THE

ENT H

BE

n

ONFE SEPARATELY FOR INTERRUPTS FROM THE BUTTINS aAND

_____FROM COMPARE CHARACTERS, THE ENTRY POINT IS TRANSFERED T0 WITH A

T TRE TINSTRUGTION SO THAT CONTROL WILL BE ON T4 TA UISR UVLESS Tue —

FIRST INSTRUCTION &FTER THE ENTRY POINT IS
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WH EXR 0 /77776,CE3

IF - YOU WISH TO RETURN TO THE INTERRUPTED COMPUTATION, YOU HAVE 710
POP THE MAIN MONITOR INTERRUPT STACK. THIS CAN_BE DONE 8Y

RETURNING THROUGH YOUR MARK( A PROCEDURE END IN A[LGOL), SINCE THE
SCOPE_ MONITOR PUTS ITS OWN INTERRUPT ENTRY MARK IN THE USER

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

YOU MaY EFFECT THE RETURN BY RETURNING TO THE SCOPE MONITORS
HOWEVER, THE SWITCHES WILL BE UNSET BY THE CLOCX INTERRUPTS WHILE

IN THE WUISR, S0 WE PROVIDE A B ROUTINE (327) TO SET UP THE
SWITCHES CORRECTLY AND RETURN CONTROL TO THE MAIN MONITOR, IF YOU

WISH T0 PASS CONTROL T0 ANOTHER POINT IN THE PROGRAM, A GO T0
STATEMENT WILL EFFECT ALL THE STACK PUSHING REQUIRED SO THAT THE

VARTABLES ARE CORRECTLY REDEFINED,

PRINTING HAS T0 BE CAREFULLY CONTROLLED IN ALGOL PROGRAMS

WHICH ALLOW INTERRUPTS, IF AN INTERRUPT OCCURS DURING PRINTING AND
_THE UISR PRINTS, THWEN IT IS MORE OR LESS IMPOSSIBALE TO RETURN TO

THE ORIGINAL LINE OF COMPUTATION, ONE CAN SAVE THE: INTERRURPT PRINT

LINE AND PRINT LINE POINTER BY

LOGIC ARRAY A[=2:1201; TEMP«12513 BUFFERSET('PRINT',A{0))}
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 T

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 PRINTINGS BUT, " AS
DISCUSSED, THESE ARE NOT RIGID RULES,

EXAMPLE OF INTERRUPT DEFINTTION TN ALGOL

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

WH LBL T1)
WH . _CLA 0 T1;

AL ENPTe«ACCI
B(25,ENPT,LOC(CSW)I,LOC({IN),LOC{(SN),LOC(CC))}

LOOPt <CONTINUOUS ACTIONS> t GO ToO LOOP3

WH T1 ENT } INTERRUPT ENTRY POINT
AL} - . o )
¢ACTIONS>3 G0 TO NEWACTION) :
WH TRA 1 T1} __RETURN TO INTERRUPTED
COMPUTATION
AL 3
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Il, USING & PROCEDURE

BEGIN
_LIBFARY PROGEDURE "HDCLUCI o
PRDCEDUHF U1SRA}
CKACTIONS>) G0 To NEWACTIONY
END GOES EAFH T4 INTERRUPTED ACTIONS
. Bi25,PROCLOC(UISRILLOC(CSHWY,LOCCINY, LOG(SNILACICOYYS

SCONTINQUS ACTIONS>

FORMULA 4LGOL PROGRAMS

o ~ FORMULA alLGOL COMPILES CODE WHICH IS HEaVILY DEPZNDENT ON
"RUN-TIME ROUTINES. IF ANY RUN-TIME ROUTINE 1S INTEIRUPTZD 3Y THE
SCOPE _MONITOR WHICH THEM CALLS THE UISR WHICH IN TURN TALLS THE

INTERRUPTED RUN«TIME ROUTINE,THEN GLORAL PARAMETERS(LILE RETURN
 MARKS, INPEX REQISTERS AND TEMPS) ARE SOON FQRGUTTEN, THEREFDRE TWE
ONLY CODE WHIOH CAN BE USED WITHOUT NRASTIC SAFEJUARDS IN THE UISR
~IN FORMULA ALGAL 1S CODE WHICH DOES NOT CALL ON RUN-TIYE ROJTIMES,

HOWEVER [F THE UISR AND THE CONF FOLLOWING T4E CALL 0N 325 ARE
COMPLETELY INNEPENDENT _AND DO NOT cAbL ON THE 3aME ROUTINES THEN

ONE H4S MQRE FREEDOM, OPERATIONS WHICH DO NOT USFE THE RUN TI4E

__ ROUTINES INCLUNE STORING AND ACCESSING 0OF SIMPLE WARTABLEStHUT NOT

ARRAY ELEMENTS),AND THE OPERATIONS #,~.%:/4m.v,=~,1F THEN ELSE,
_SIGN,AES.,ENTIZR, AND 80  TOULLOGAL BACKWARD TRANSFERS ONLY).,

HOWEVYER, WITH INTIMATE XKNOWLEDGE DF FORMULA ALGD_ AND & LISTING OF
ITS RUN-TIHE_RQUTI&ES » THE EXPERIENCED USER_CAN BUILD HIS UISR 50

THAT IT CaN WL ON ANYTHING, THIS WOULD PIDAAALY 3 DONF 3Y
AyﬁﬁﬂjTlﬂqiwﬁﬂgL!f M& CHINE CODE ROUTINES, CALLABLE ONLY WITH CONTROL

OFF, WHICH wOULD SAVE AND RESTORE THE COWTENTS OF A LIST OF
__MACHINE LOCATIONS, THE UISR WOULD PRORABLY LOOK LI4% THIS:

EXAMPLE AF INTERRUPT DefFiNTTION IN FORMULA ALGOL

SN ¢DbLC o

- PROCEDURE TNTERACT: BEGIN INTEAER.LOCISRY

SN CMPL 07200 ERA NG READ NEXT COYRAND JEGISTEX
SN CMPL Dp0500000D0 ADD 0 5 NUMBER OF INTERVENING COMMANDS
SN CMPL 1330011000 STl UISR SAVE LOCATION OF UISR

SN CMPL  13377n000%1 ST LOCISR USED IV CALLINH

825




___._5COPES 4

G0 AROUND:

SN CHMPL 0 . ... _ VISR ENTRY POINT

__SN_CMPL 0760047776 EXR Q@ /77777-%13-%0 ¢
TURN OFF CONTROL AND H 400
SN CMPL 3770011004 TRM SAVE _SAVE VARIABLES

CODE PREFERABLY WITH CONTROL OFF

SN CMPL 3770011002 TRM  RESTORE RESTORZ VARIABLES o
SN cMPL 6370011000 TRE 3 UISR GO BACK TO MONITOR

ARQUND! IF R(29%,LO0CISR,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 RE CONSULTED ON ALL: RELATED
MATTERS, IN FORML, THE PRINT ROUTINES ARE RZCURSIVE AND THEIR

VARIABLES ARE IN THE GENERAL COMMUNAL RECURSION STACK,  THUS, IT
SEEMS__THAT ONE CAN ONLY PRINT IF THE UISR DOES NOT PRINT, AND IF
IT ALWAYS RETURNS T8 THE INTERRUFTED COMPUTATION, ~"ONE §AGULD NOT
INTERRUPT DURING CALLS ON MAIN MONITOR ROUTINES, IF ONE IS GOING

TG USE THEM IV THE UTSR, AND THEN TRY TO RETURN 7o THE INTERRUPTED
COMPUTATION.
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0. INTERACTION WITH MORE THAN ONE SCOPF

TO INTERACT WITH A DIFFERENT SCOPE FROM THZ UNE SUAMITTED
FROM, 4 _PROGRAM SIM2LY_USES THE B _ROUTINES AS USJAL, BUT IN
ADDITION SETS THE SCOPE NUMBER B8Y USING ALROL PROCEDURE
LSETSCOPENUM(N) . 1T _DOES _NOT NEED TO BE SET_BEFORZ EVERY CALL |
OF A BROUTINE., JUST ONCE.
THUS, 1O READ THE STATE SWITCHES_ON SCOPE 2, ONE PERFORMS
NSAVE«SCOPENUM) SETSCOPENUM(2): ZERO«Qt OUT«TRUE)
B0, ZEROLSTSH, DUMLDUM, DUM)Y 3 OUT=FALSES SETSCOPENUMINSAVE):

T NOTE WE SAVEN THE NUMBER OF THE SUBMISSION SCORPE BY USINa
_ROUTINE SCOPENUM, SETSCOPENUM AND SCOPENUM MERELY SET aND
"READ INDEX REGISTER %1,

‘ ONE CaN THUS PO ALL THE USUAL INTERACTIONS WITH ANY OTHER.
SCOPE, HOWEVER ,THE B ROUTINE CALLS WILL ALL GIVE ERRDR
EXITS UNLESS PERMISSEON TO INTERACT HAS REEN GIVEN 4Y THE
USER AT THE SAOPE TO BE INTERACTED WITH, BY USIN3 TNTERRUDT
13 _IN_THE PROGHAM STATE. .
USER INTERRUPTS FAR ANOTHER SCOPE ARF DEFINED BY USING B23,
 UPON ANY USER INTERRQUPT, THE SCOPE NUMBER IS PASSED TQ THE USER_
PROGRAM, .

FINALLY,ONE ©aN DISPLAY A GIVEN PAGE ON MDIE THAN ONE SCOPE,
BY USING R26. THIS TAKES PARAMETER RS2,WHICH IS THE

BIT PATTERN AT THE SND OF THE DELIMIT CONSISTING OF 4 3ITS

FOR SCOPES 3,7,1 AMD 4 RESPECTIVELY,SN CORRESPONDING TO SZDPE N,
JHUS IF Ao PROGRAM WaNTED TO DISPLAY A PAGE ON THE SUaquqIDN___mm
SCOPE aND ANOTHER SZOPE N, 1T WOULD DO SOMETHING LL1XF THIS
N1SCOPENUM:_ SBI1TPAT21NI¥2+N}t B(26,PAGE,RITPAT,N,0,0);

0F COURSFE, IF PERMISSION HAS NOT REEN GIVEN, [T~ 777777
WILL NOT DISPLAY,
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) D, OVERALL CONTROL STRUCTURE, )
MIGHT BE LIKE THIS,
EN;_EZM . INTERERUVPTS
—_— SYSTEN DICPLATY
TrmALSE PrGES
— STRATIC
e
DYNAMLC
- A
L KEenp L
_ N PRoess | Aenens
: CAwrpI 7|
f&ﬂfg LEPo i
—_— m,E‘ S
PAgETN) SCotE BASic PASSIVE
-cef
- OVTPUT
Memml% ™ SEL E'C_TE-D
Arid memm} ConTINVOUS
T Recontmucr s(:;p%i‘,m—:r:) Acetiens o
Lo LINES
o ~ o . oF
— (e LINEC)
- ARcron e

JZEwgmrr.:o
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7. DESCRIPTION! OF THE 8 ROUTINES.

B-l ANNOUNCE AM ONLINE USER
PARA'ETERSH USAGE NUMBER FROM LOG-IN__
OUTPUT! R5t: SCOPE NUMBER
ERROR_IF] LLL _NOT_SUBMITTEJ)

FROM A SCOPE

OR__ + <ID NOT LOGGED IN _
PERMITS A PROGRAM TO INTERACT WITH SCOPE MONITOR, USER
SHOULD._NOT PATCH 10. DO NOT CALL B<1> TWICE IN THE SAME.
RUN

BO____CONVERTS G?7I.CHARACTER. STRINGS PACKED
4 PER WORD INfO SCOPE STRINGS PACKED

_IN DISPLAY _FORMAT .
PARAMETERS | RELOCATION OF FIRST

WORD OF G21 TEXT,
R53.-LOCATION TO RECEIVE FUST WORD

OF THE CONVERTED TEXT 3LOC*,
THIS ADDRESS MUST BE IN USER COSE.
R54«+ N JMIBER _OF CHARACTERS JO CONVERT,

QUTPUT! NONE
ERRCR |F: R53 OUT OF BOUNDS,
Bl CONVERTS SCOPE CHARACTER STRINGS

PACKED IN DISPLAY FORMAT INTO G21
CHARACTERS_PACKED 4_PER_WORD.

PARAMETERS | R52.-8ASE OF SCOPE STRING,
R53*LOCITION_TO_RECEIVE FI3ST
WORD OF THE G21 STRING.
THIS ADDRESS MUST BE IM

USER CORE.
R54*-LENGTH OF_ SCOPE STRING
IN  WORD'S.
QUTPUT} NONE
ERROR IFj R53 OUT OF BOUNDS,

B2 CONVERT TEXT AND APPEND TO PAGE
N AT POSITION (X,Y)..... -
PARAMETERS! R52,-RASE OF G21 TEXT
PACKED FOR 4 PER WORD.
R53«"LENGTH ©OF TEXT IN WORDS,

R54.-X
R55.-Y
R56.-PAGE NUMBER.
OUTPUT! NONE
ERROR IFJ (i) PAGE ALREADY FULL
(1) STRING TOO LONG.
..DISPLAYS TEXT _ON SCOPE F_ACE._ ONE MUST 1AVE_*E_3UE_STED_

AVAILABLE SPACE FOR THE PAGE IN QUESTION" IN~ADVANCF OF
CALLING 82.
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APPEND A LOGIC BLOCK OF
(ALREADY CONVERTED) DISPLAY

___PARAMETERS:  R52+«HASE OF BLOCK

... SCOPES 44

MATERIAL TO PAGE N.

TO BE MOVED,
R53«PAGE NUMRER,

oUTPUT NONE.
ERROR 1F: ' (I) NO STORE IN PAGE.

oR (1TY ATTEMPT TO OVERLAY
A DELIMIT,

MOVES A B8LOCK OF SCOPE. COMMANDS INT3 THZ H-MDDULE aND

APPENDS IT TO AN EXISTING PAGE, CURRENTLY IT ONLY TESTS.

FOR DELIMITS AND CYCLES3 OTHER ILLEGAL CONSTRUCTIONS ARE
NOT TESTED FOR3 THUS, THE DISPLAY SHOJLD RE WELL' FORMED

AND SHOULD ENCLUDE A STORE,

B4

MOVE PAGE N 7O USER CORE, CONVERTING
ALL SCOPE CHARACTERS,

PARAMETERSY R52¢«PAGE NUMRER,
R53e«L0CATION IN USER CORE TO

RECEIVE CONVERTED TEXT,
OUTPUT: NONE.

ERROR [F: (1Y RS3 OUT OF BOUNDS,
(11) PAGE HAS NO BLOCKS.

FEXT 1S ENTERED INTO USER MEMORY, NOTE THAT ONLY G21
CHARACTERS ARE CONVERTED AND ALL. ELSE 1S IGNORED IN THE

CONVERSION PROCESS. NON~-G21 CHARACTERS ARE CONVERTED T0O
BLANKS AND VECTORS ARE SKIPPED,

B5

MOVE A PAGE TO USER CORE

WITHOUT CONVERSION,
PARAMETERS? R52«PAGE NUMBER,

R53+LOCATION IN USER CORE
TO WHICH THE RLOCK

WILL BE MOVED.
QUTPUT s NONE,

“TTEVERYTHING  FOLLOWING THE DECTMIT IS MOVED TO USER COREZ
___BE PREPARED TO ACCEPT THE FULL PAGE,

ERROR k¢ (Iy R53 OUT OF BOUNDS,
NR (11) PAGE HAS NO BLOCKS.

READ THE CURSOR,

__ OUTPUT: R52¢X

" WORD IN THE H~MOUDULE,

PARAMETERSH NONE

"R53eY

THE POSITION OF THE CURSOR 1S OBTAINED FROM THE POSITION

B7

__PARAMETERSt  R52eX

SET THE CURSOR,
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DUTPUT: NOME.

REPOSITIONED AT {X.Y).

BB READ THE AaNALOG KNOBS,
- PARAMETERSY = NONE,

 THE POSITION WORD IS OCHANBED SO T4aT THE CURSOR IS

OUTPUT R52+«KNOR 1

. RS3eKNQ@ 2
H54+«USER STATE SWITCHES

. BIT PATTERMN. =
RS5«4LT{1) 0/ NORMAL(D) MODE,

GETS__TH& POSITIOQNS OF THF aNALQG KNOBS FROM THE POSITIDN

WORD IN THEZ H-MODULE,

B9  NOT YET SPECIFIED,

B10 READ THE STATE SWITCHES.
PARAMETERS:Y  R52+ALT(1) OR NORMAL{41) MODE,

QUTPUT ¢ R53+«STATE WORD,

B11 SET THE STATE SWITCHES.,
PARAMETERS1  R52+«DESIRED SETTING

. OF STATE WORD,
QUTPUT: ____  NONE.
LOADS R52 INTO THE STATE WORD.
812 SET COMPARE ON CHARACTER
- ON_PAGE N, e
PARAMETERSI  R54«CHARACTER TO
.__COMPARE 0N,
R55«PAGE NUMRER,
- QUTPUTY NONE.
ERROR 1F: (]} ILLEGAL PAGE NUM3ER
e e oo W1D) WO ROOM LEFT ON PAGE
OR (111) DELIMIT FOLLOWS SToRE,
CREATES _ 4 COMPARE COMMAND FOR THE SUPPLIZD SCO°E
CHARACTER,Z.G.RETURN WOULD BE 8R75, AND INSEATS [T IN '
e PAGE N IMMEDIATELY FOLLOWING THE DELIMIT,  THZ PROGRAM

SHOUL N DREFINE THE COMPARE ROUTINE BEFORSHAND,

'B13 SET COMPARE ROUTINE,
PARAMETERS:  R55«COMPARE CHARACTER [OCATION FOR VALUE

R56«ADURESS OF
N ~ USER ROUTINE,
QUTPUT NONE.
~ ERROR IF: R56 OUT OF BOUNDS.

SETS (ISER ROUTINE TO BE EXECUTED WHEN 4 COMPARE INTERRUPT

QCCURS,

_NOTE THAT THE ROUTINE MAY 3E EXECUTED AT ANY

TIME.
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Bi4 SET MEMORY FULL ROUTINE.

PARAMETERS! R56=-ADURESS QR USER

... _RODUTINE. ,
QUTPLT: NONE . o
ERROR 1F1 RS& QUT OF BOUNDS,

SETS USER ROUTINE TO BE EXECUTED AHEN A MEADRY FULL

INTERRUPT IS GEMERATED. NOTE THAT TWIS ROUTINE MAY RE

EXECUTED &7 ANY TIME,
815  GET N ALOCKS FOR PAGE M,

PARAMETERST  RG52«PAGE NUMAER
R53~NUMBER OF RALOCKS

TOUTRUT "~ NONE.
FRROR 1F1 1LLEGAL PAGE NUMRER,

"B16 ENABLE PAGE N,

SAME TASK AS ON MANAGEMENT PAGE.

PARAMETERS1 _ RS52+«PAOE NUMZER,

QUTPUT NONE,
ERROR 1F: ILLEGAL PAGE NUMBRER,

B1? DISENASLE PAGE N

PARAMETERS!  R52wPAGE NUMBER,
OUTPUT: NONE ,

ERRQR [F: TLCEGAL FAGE NUMBER,

B18 DELETe PAGE N.

PARAMETERS R52«PAGE NUMRER =

ouTRiTy " NONE.
ERROR [F1 ILLEGAL PAGE NUMBRER.

AVAILABLE SPACE AND INFORMATION IS LOST.

SAME  AS TaSK 1IN OPTION TSTATE,  PaBE 1S RETURNED 1O

_B19 APPEND PAGE N TO PAGE M,

PARAMETERSY RSz+«PAGE NUMBER N,
RE3~PAGE NUMBER M,

SUTPUTY  NONE,
ERROR IF: ILLEGAL PAGE NUMBFR,

“B20 DISENARLE ALL INPUT FROM THIS

T 777 PARAMETERSE  NONE,

SAME TASK A8 IN OPTION STaTE,

SCOPE.

OUTPUT s NONME

'g21” REMOVE COMPARE GN CHARACTER

DISENABLES ALL FAGES FOR THE GIVEN SCOPE,

__ON PAGE N. R
PARAMETERSY  R54+CHARACTER TO
COMPARE ON,

RE5=PAGE NUMHER,
__ourpuTy  NONE.
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ERROR _1F: ILLEGAL PAGE_NUMBER,

SEARCHES THE PAGE FOR AN OCCURENCE OF A COMPAREZ COMMAND
_ON THE SPECIFIFD CHARACTER AND [F FOUND, COWNVERTS IT TO A
STORE COMMAND.

" B22 RESET COMPARE ROUTINE,
PARAMETERSY _ NONE.

QUTPUT NONE,
_RESETS THE STANDARD MONITOR

ROUTINE FOR THE COMPARE ROUTINE,
B?3 RESET MEMORY FULL ROUTINE,
PARAMETERST  NONE,
OUTPUT: _ _ _NONE._

RESETS THE STANDARD MONITOR ROUTINE FOR THE MEMORY FULL
e ROUTINE.

_.B24 _SET_ENABLED CURSOR AND INTERRUPT
ON CHARAGCTER,
PARAMETERS:  R52¢X

RE3eY
) e R»4«CHARACTER FOR COMPARE,
RES«PAGE NUMRER,
i R56«COMPARE ROUTINE, L
OUTPUTT NONE,
ERROR_1F3: (I} __ILLEGAL PAGE NUMBER
tI1) NO ROOM LEFT ON PAGE,
S . (1l1)_ DELIMIT FOLLOWS STORE, - o o
OR (Ivy RS6 QUT OF ROUNDS.
___ .THIS ROUTINE DIRECTLY CALLS B7, Bi2, 313, AND 316, IT
ENABLES THE PAGE, POSITIONS THE CURSOR AT (X, Y), SETS A
COMPARE 0N _THE SPECIFIED_CHARACTED AND SETS THE COMPARE
ROUTINE, TO OBTAIN THE CHARACTER AHICH CAUSED THE
. INTERRUPT,B13  SHOULD RE  aLSO  CALLED,PASSINS THE
IDENYIFIER IN WHICH THIS INFORMATION SHOULD BE PUT, ALSO
- ___TO OSTAIN THE SCOPENUMBER,AND TO USE A CONTHOL SAITCH,825
SHoULD RE CALLED AS WELL, .
B25 DEFIMNE USER INTERRUPTS, T

__PARAMETERST  R52+«USER ENTRY POINT,
R53«USER CONTROL SWITCH,

RS54« INTERRUPT NUMBER.
RS55«SCOPE NUMBER,

R56«COMPARE CHARACTER.

OUTPUT: NONE,

ERROR IF: USER ENTRY PODINT DOES
NOT LIE IN USER CORE,

IN USER MNDE, COMTROL IS PASSED TO THE USER ENTRY POINT,

AND THE INTERRUPT WUMBER, THF SCOPE NUMBER OF THZ SCQ°E

WHICH INTFRRUPTED, AND THE COMPARE CHARACTER, IF THIS

APPLIES, ARE PLACED IN THE [OCATIONS SET aSIDF FOR THeM 7
IN THE USRR PROGRAM. THESE LOCATIONS ARz DECLARED IN R54,
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R55, R56 WHEN USING 825, THE_  USER CONTROL SWITTH ALLONWS

THE 4SER PRDGRAM TO DECLARE ITSELF ~INTERRUSTABLE AS
DESIRED, _ _IF [T IS NOT EQUAL TO ZERD WHEN THE INTERRU®T

OCCURS, THE SCOPE MONITOR DOES NOT PASS CONTROL 8UT KFEPS
LOOKING _ONCE A SECOND UNYIL THE VaLUT OF THE SWITCH iS5

ZERD, & SECOND INTERRUPT DURING THIS TIME WILL GIVE
MULTiPLE [NTERRUPT ERROR AND BE IGNORED, BUT THE FIRST

_ B26 SET CRT FIELD ON PAGE N,

ONE WILL STILL BE PROCESSED CORRECTLY,

PARAMETERSY RS2«N
R&3«B1TS FOR

CRT FIELD,
DYTPUT NONE,

THIS ROUTINE ALLOWS THE USER PROGRaM Y0 DISPLAY DN MORE
THAN ONE SCOPE. THE T22 TABLE IN THE SCOPE MONJTDR HAS

_ ALLOWED INTERAGTION WITH PROGRAMS FROM OTHER SCDPES.  THE

BIT PATTERNS FQR EACH SCOPE INDPICATING THAT THE HUMaAN Has

NOHMﬁL ENTRIES ARE 51, $5, AND $3. RESPEGFIVELY. 7F SCOPE -

ALLOWED INTERACTION WITH PROGRAM TROM SCOP= 1, IT7S

ENTRY WOULD ®E CHANGED 7O %4 + 52, THE USEX PROGBRAM
INDICATES __1TS DESIRE TO DISPLAY IN BOTH SCOPES USING R28

AND PASSING THE LIST PATTERN $4 +82, THE USER PROBRAM CAN ~

ONLY DISPLAY ON THOSE SCOPES FOR WHICH PERMISSION HAS

BEEN GIVEN, SINCE THE 8IT PATTERN [S ZXTRACTED WITH THE
ENTRY IN THE T22 TABLE, THE EXTRACTED P&TTERN BECHMES THE

CRT FIELD OF THE DELIMIT OF SURSEQUENTLY PRODUCED DISPLAY
PAGES, '

827 RETURN 7O INTERRUPTED COMPUTATION,

PFARAMETERS! NONE,

OUTPUT s NONE, |
USE IN TWE USER INTERRUPT SERVICE ROUTINE YO CONTINUE THE
INTERRUPTED COMPUTATION.,  IF YOU WISH TO CHANGE T0O &

"DIFFERENT LTINE OF TOMPUTATION, USE & GO TO STATEYENT,

828 CLEAR a PaAQE,

PARAMETERS R52¢«PAGE NUMBER,

GUTPUT: NGNE,
ERROR [F1 ILLEGAL PAGE NUMBER, o
T INSERTS A STORE COMMAND AFTER THE DELIMIT ON PAGE N, NOTE .

THAT ATTEMPTING Y0 CLEAR A PAGE OF ZERO LENGTH HILL 7E30

TTHE FOLCOWING aRE NOT YET IMPLEMENTED

B29 MOVE PAGE N TO FILE M,

FARAMETERSt  REZ2eN
RE3+M
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QUTPUT: NONE, .
B30 MOVE LNGIC BLOCK BASE N LENGTH
L. TO-FILE M. _ o o _
PARAMETERS! R52«N
... RBeL . L
RG4«M
QUTPUT: NONE
B31 MOVE FILE M TO PAGE N,
___ PARAMETERS: . RS2eM . e
R53«N
OUTPUTs  NONE, _ e .
B32 _MOVE FILE M_TO LOCATION N,
PARAMETERS: R 2eM
———ivnv.. . RB3eNn o e
OUTPUT NONE .,
B33 READ IN A 3-DIGIT INTEGER o B )
AT [X, Y1,
ERROR 1fF:  T1LLEGAL PAGE NUMBER,
PARAMETERS ! R52%X
o _ ... RB3ey S o
~ B34 READ IN A STRING QF CHARACTERS = - e
AT (X,Y),
PARAMFTERS R52«X
RE3eY
B40 GETS SCOPF MAN NUMBER, S T T
GIVEN 6-20 MAN NUMBER, o
PARAMETERS ! R52wG=~20 MAN NUMBER., )
QUTPUTS: _R53«SCOPE MAN NUMRER,
__B41 GET SCOPE MONITOR SYMgOL N,
PARAMETERSH R52«N -
.. 0uUTPUTS:  RB3«VALUE OF SCOPE o N e

MONITOR SYMROL.,
U3s, FETCH A MODULE

TBO, PAGE ADDRESS TABLE
_U29, RELEASE A MODULE
Us, PUSH THE STACK o
U6,  POP THE STACK

Uiz, EXIT

T15, CONVERSION TARLES FROM

SOV B N

G-20 + SCOPF CHARACTERS
8  T31, SCOPE MONITOR TIME USED TODAY
9 Y6, TRAQE o
10 Y105, TRACE BREAKPOINTS
11 Y72, TRACE TARLFS
12 T74, 1SR RETURN POINT
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L __SCOPES  sq
TO OBTAIN THE ADDRESS OF A PAGE
" AL DUM«2) OUT+TRUES B(41,DUM,TAG,DUM,DUM,DUMI} o
OUT«FALSE; ADDR«TB80~1+SCOPENUM+3«PAGE}



ERROR_NUMBERS,

SCOPES

THE SCOPE MONTTOR PASSES AN INTEQRR IN THE ACCUMULATOR
_WHICH 1S THE LOCATION IN THE SCOPE MONITOR WHERE THE ERROR

“WAS DETECTED.

THE FOLLOWING TABLE RELATES THESE INTEGERS

o€

NOT IN

[/160000,21777771,

ERRCR NO BROUTINE MEANING
1 -1 INTERACTION UNACCEPTABLE,E]THZR
e  (AYREMOTE FROM WHICH JOB WAS
SUBRMITTED IS NOT
N A SCOPE 14E,. NOT IN t5,7),
OR(B)HANNUHHFR OF USIZR LOGGED IN
e e ~=MANNUMBER e
UM JOB CARD OF PROGRaM,
...... 167003 SEVERAL _PROGRAM ATTEMPTING T3 INTERAGT
WITH A SCOPE FOR WHICH PERMISSION
HAS NOT_REEN GIVEN,
167014 BROUTIME WITH THIS NUWBFR
_DDESN'T EXIST,
167145 2 PAGE DOESN'T EXIST
. 1k7164 2 __ N0O _RDOM LEFT ON PAQE
167211 3 NOT ENODUGH SPACE.
1672355 12 EITHER(AY NQ PAGE EX]STS
OR(BIND STORE COMMAND FDUND ON PAGF
e DRECY A DELIMIT IMMEDIATELY FOLLQHR o
THE STQRE(PAGE FULL)
... 167446 A7 0R 18 _PAGE NO. NOYT INU1,4). .
171365 SEVERAL PAGE NO.NOT IN [1.,4),
171372 SEVERAL  PAGE DNESN'T EXIST,
171402 SEVERAL LOCATION GIVEN IS NOT IN USER CORE
—_ _l.,E. NOT IN ts1i0000,/73000]).
171408 SEVERAL ~ LOCATION GIVEN IS NOT IN UPPER CORE
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8. SUBPROGRAM LIBRARY,

~ WE HAVE ONLY JUST STARTED TO SET UP THIS LIBRARY., [ISTINGS
_ CAN BE OBTAINED FROM THE RESPECTIVE AND FILES, JSER CR3BABL14:

ALGOL SUBPROGRAMS FILE 32/P}
FORMU_A AL.GOL SUBPROGRAMS FILE 33/P)

SPITE SUBPROGRAMS FILE 33/P3

_ PROCEDURES IN ALGOL AND FORML THE SCOPE ALGOL: LIBRARY CAN NOW
BE USEL AS AN OUTER BLOCK TO ANY ALGOL PROGRAM, YOU NEED AN EXTRA
END,OF COURSE, THESE PROCEDURES WERE WRITTEN 3Y RUDY KRUTAR,JIM

KING,ALAN BOND AND DAVE VAVRA, THE LIBRARY 15 CURRENTLY BEING
_MAINTAINED AND EXTENDED BY RUSSELL MOORE,TO WHOM SUGGESTIONS AND

""QUERTES SHOULD BE DIRECTED.

1,  INTEGER PROCEDURE LOC(N)s INTEGER N3 BIVES THE ADDRESS
WHERE THE VALUE OF AN IDENTIFIER 1S STORED, FOR &RRAYS, LOC (Af1])
_WILL GIVE THE 18T WORD OF THE ARRAY.

~ 7 772, 7 LOGIC PROCEDURE DECML (NUMBER); TNTEGER NUMBER) GETS THE
DECIMAL G-2D0 CHARACTERS FOR THE VALUE OF NUMBER AND PACKS THEM IN

DECML,

3. BOOLEAN PROCEDURE B(RNUM, 852, B53, BS54, B55, 856) VALUE
"TBNUM! INTEGER BNUM, BSZ2, BS53, B854, R55, B5631 CALLS B=~ROUTINE
NUMBER BNUM, 0N ERROR EXIT, 8 IS TRUE, NORMAL EXIT FALSE, HENCE,

IF BC ) THEN G0 YO EXIT3 WILL CALL THE B ROUTINE,

4, AN ALTERNATIVE VERSION OF B, WHICH HAS GLOBAL 300LFAN
“VARTABLES OUT aND PR. IF QUT IS TRUE PARAMETERS "aREOUTRUT, IF PR
IS TRUE, THE VALUES OF PARAMETERS aND NATURE OF =x1T ARE PRINTED,

T T8, PROCEDURE ~BAUBNUM,ETC) IS A “PROCEDURE ~ RATHER THaN &
_FUNCTION AND CALLS ON B,

6, LOGTe “PHOBEDURE HEADER ©X,Y)t VALUE X,Y1 INTEGER X, Y}
COMPUTES A HEADER INSTRUCTION AT X,Y,  NOTE THAT X,Y MUST LIE IN
To, 102371,

7. LOGlec PRNCEDURE VECTOR (X,Y,SG)s VALUE X, Y,S61r INTEGER

X,¥3 LOGIC $G; COMPUTES A VEGTOR STRING ELEMENY WITH OX = X, DY =
Y. SG = 0 USUALLY, SG = 2 FLAGS THE VECTOR SO THAT IT WILL BLINK
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OR_INTENSIFY ACCORDING TO THE SETIING OF STATE SWITCHES.

8. LOGIC PROCEDURE CHARAC (C, SG, [))INTEGER''C" SG,II
PRODUCES A SCOPE CHARACTER IN A WORD IN POSITION | s |._ 2 OR 3.
SG IS THE TAG FIELD, SO SG s 2 GIVES BLINKING AND HTENSIFICATION.
C_IS THE SCDPE CHARA_CTER _NUMB_ER AS GIVEN _JIJN_THE_3 UAT SE MANUAL

8. LOGIC PROCEDURE CHARSTR (CI, C», C3, SGI, S«2. 333}

10. PROCEDURE_CHARACTER (X, Y> CUJ/NTEGER Xj YJ L0O3IC| PUTS
A CHARACTER ON THE SCREEN AT 'POINT ~X~~"Y. " C 'iS§ A SCOPE
CHARACTER-STRING WORD AS OBTAINED BY, USING CHARAC OR CHARSTR. _IT
CAN ALSO BE OBTAINED BY

C+8L2 » FLRN » 4, WHERE N I§ THE SCCPE CHARACTER NUMBER FROM
THE" QUATSE  MANUAL. CHARACTER  HAS" ONE CHARTCTER PER WORD AND A
SEPARATE HEADER FOR EACH CHARACTER, AND I8, THEREFORE, WASTEFUL OF
SPACE, G-20 CHARACTERS ARE BEST PUT ON THE SCREEN USING 32,

11, PROC EDURE_NUM (X ,Y. N>J VALUE N_INTEQ E R X_ Y. REAL N J_
TAKES" A REAL NUMBER N, F'INDS DECIMAL CHARACTER FORM. AND PUTS IT
ON_THE_SCREEN AT_X,Y IN*-5D.3Z FOR_MAT._

12. PROCEDURE LINE <XI, Yi, X2~" Yjh ¥V INTEGER""x'i, YI, X2, Y2j
PUTS A LINE FROM (XI, YD _TO (X2,  Y2), WITH A SEPARATE HEADER.

13, PROCEDURE GENERATE(X, Y, T, DT, MORN})) VALUE DT, NORM,
§A_L_ X, Y, T, DT, MORMi GENERATES A CURVE WITH PARAMETER T WHOSE
X, Y "AREGIVENBYEXPRESSION INVOLVING T WHEM ACTUALLY CALLING
GENERATE._  THUS

GENERATE(A * SIN(T),B * COS(T),f. DT,NORM);
... ...WILL PLOT AN ELLIPSE.

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

14, CURVE (X, Y.,_T, DT, TA_ TB)l INTEGER X, Y? REAL T_ DT,
“TA, TBj PLOTS ,ROM TA TO TB . ~ b~




15, INTEGER PROCEDURE SCALEX (X)3 REAL X3

 INTEGER PROCEDURE SCALEY (Y¥)3 REAL Y} THESE aLLOW FaASY

 SCALING,  GLORAL VARIABLES XA, XB, YA, YB, SXA, SXB, SYA, SYB
INDICATE THAT THE PART OF THE SCREEN USED WILL BE FAOM SX4 TO $XB
AND SYA TO SYB, WHERE THESE LIE IN (0, 10231, AND THAT THIS WILL

CORRESPOND TO VALUES XA, XB» YA, RY [IN THE REST OF THE
_COMPUTATION, THUS -

SCREEN AT POINT X, Y IN THE USERS SCALE.

~ CHARACTER (SCALEX (X), SCALEY (Y),C)1 PUTS & CHARACTER ON THE

ARGUMENTS FOR PDSITION AND USING SCALF X AND SCALE Y, THESE ARE

~ THERE ARE AN EQUIVALENT SET OF PROCEDURES TAKING "REAL ~

DESTGNATED BY AN ADDED 1 ON THE NAME.  THUS, ZHARACTER1, ~NUMI,
LINE1, CURVELl, ETC.

716, READ.PAGE(N,RBUFF)Y3 READS THE CONTENTS OF PAGE N({MAX
LENGTH 4 BLOCK) INTO THE READ BUFFER RRUFF PACKZD 31 CHARACTER PER

T WORD T ,S0 IT 1S LIKE A NDRMAL CARD READ,  YOU MAY THEN READ FROM

RBUFF USINB AL THE NORMAL FORMATTING POWER OF ALGOL.

T 747, PRINT,ON PAGEUN,WBUFF X, YYS TPUTS THE CONTENTS OF PRINT
BUFFER WBUFF AFTER NORMAL ALGOL PRINTING ( WHICH CAN 8z WITH OR

"WITHOUT <E> OR <W>) ONTO PAGE N AT X,Y, THUS THE FULL G: NERALITY
OF ALGOL I1/0 18§ AVAILABLE FOR COMMUNICATION WITH THE SCOPES,

38,  TSETSCOPENUM(NY3 "TNTEGER Nj “SETS SCO>E NUMBER TO N, SO
THAT FURTHER CALLS OF B ROUTINES APPLY TO THIS SCOPE, THEY OF

TTTCOURSE T GIVE AN ERROR IF PERMISSION WAS NOT BEEN GIVEN MANUALLY AT

THE SCOPE,

99 T INTEGER PROCEDURE ~SCOPENUM} GIVES THE SCOPE NUMBER =

_ CURRENTLY SELECTED, 1T SHOULD NNT RE CO4FUSED WITH THE SCOPE

T NUMBER PASSED UPON INTERRUPT.

20, BUTTIN(ENPT,CNTRLSW, INTNUM,SCOPNUM,PAGEIN, ?AGEQUT))

TINTEGER ARGUMENTS, DEFINES BUTTON INTERRUPTS,DISPLAYS YINTERRUPYS —

NOW DEFINED' ON P1AGEOUT AND CONTINUES COMPUTING, ON INTEIRUPY, IT

" PASSES CONTROL TA ENPT, WHICH CAN RE A CLOSED PROCEDURE OR A

LAREL, 1T PUTS'INTERRUPT NUMBER ,,.' ON PAGEOUT UPON INTERRUPT,

TENTRUSKH=0 INHIRITS INTERRUPTS, INTNUM 1§ THE NUMBER DOF THE BUTTON
INTERRUPTING AND SCOPNUM IS THE NUMBRFR OF THE SCOPE INTERRUPTING,
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21, GOMIN{ENPT,CNTRLSW,SCOPNUM,CHAR,PAGEIN,PAGEOUT,CH) ! SETS

COMPARE [NTERRUPT ON CHARACTER CHAR DN PAGE PASEIN, SIMILAR T

BUTTIN, ON INTERRUPT, THE CHARACTER WHICH CAJSED THE INTERRUPT

WILL BE FOUND IN INENTIFIER WHOSE LOCATION 1S CM,

NOTE THAT CONTIGUOUS TDECLARATION OF SCALARS IN FORML QlVves

ALLOCATIONS IN SUCCESSIVE WORDS, WHERE&AS 1IN ALGOL IT GQIVES

DECLARATION,

CONTIGUOUS LOCATIONS 8UT IN THE REVERSE ORDER TN THE ORDER OF

_THUS, LOGIC D1, D2, D3s DUMPS (3, D3)! PRINTS THE GONTENTS oF

D3, D2 ANB DI1.
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T4, U MACGRO BE MXLLXNZ,XNILAXALXNG,XX6) CALLS INTRRFACE ROUTINE
» EXPECTS ALL ARGUMENTS TD BE CONSTANTS, 1.E.. FIXED AR ASSEMALY
ME .

1o
T1

.2, MaCRD BV XXi, XX2, XX3, XX4, XX5, XXé6,
CONSTANMT AND X¥2 ... XXe& TO 4E VARIARLES,
. GONTAIN THE DESIRED ARGUMENTS,

EXPECTS XX1 To 3E
1,E.s 35 LOCATIINS WHICH

3. 10 THE TNTERFACE ROUTINE,

S A VARIANT ON B WHICH PUTS A MZSSAGE ON THE G6-20
FOR THE H=MODULE TO RE SWITCHED, IF 1T 18N T, o

4. THERE 1
TYPEWRITER ASKING

5, SOME MAGROS TD EASILY GENERATE SCOPZ DISPLAY MATERTAL
~ HEADR, "VEC, CWD, STOR,
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9. USER SURSYSTEMS.

HUMAN TO TELL IT WHAT

_THAT_IT OFTEN 1S IN A LOOP WAITING FOR THWE

TTAN - INTERACTIVE PROGRAM ON THE (<20 15 INEFFICIENT IN 1T8 USE
OF COMPUTER_TIME 1N

TO DO NEXT, ALS0 THE PROGRAM MUST WAIT I[N

THE QUEUE QEFORE T CAN BE INITIATED, THE PAUSE SYSTEM IS USFFUL

FOR GETTING SHDRT BURS

IN  {MPLEMENTING

TS DF USER PROQRAM,

A TIME SHARINB SWAPPING SYSTEM FDOR THE SCOPE

MONTTOR, IT WAS FOUND

OF R T NIR

SCOPE MONITOR,. SWAFRPED
~_ RELOCATED_IN CORE AND

EASY TO ALLOW ANY USER TO WRITE SUBPROGRAMS
NT SEM ODE WHICH ARE ORGANIZED BY THE

IN. AN OUT AS REQUIRED AND AS SPACE PERMITS,

THERE IS ALSD &N

LINKED TOGETHER DYNAMICALLY IN A& SIMPLE WAY,

AUXILIARY MACRO SYSTEM WHICH ALLOWS THE

CONVERSION _0OF _QRDINARY ASSEMBLY CODE. INTO. THE IEQUIRED REENTRANT

RELOCATABLE MODULAR PO
CAN _CALL ANY MODULE

RM, IT TURNS GUT THAT ANY MODULE DF ANY. USER
OF ANY OTHER IN 4S VYIOLENTLY A RECURSIVE WAY

AS REQUIRED, AND THAT
__I¥ CALLKED BY SUBSYSTEM

ONLY ONE COPY OF ANY MODULE IS IN CORE EVEN
S FROM ALL THREE SCOPES AT ONCE,

TO CONVERT <CODRE

ROUTINES ON USER CR3IBAR14, FILE 34, THEN ONE AREAKS TWE CODE &S

TO "MODULAR FOAM, ONE USES THE MACRGS AND.

FOLLOWS:
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LAYOUT EXAMPLE
FILE 34 PACKAGE USER CR3BAB14: FILE 34/P3 INSERT §
NON RELOCATABLE (GLOBAL) SYMBOL R
DECLLARATIONS ‘ LBL  Ton
BEGIN BEGIN
RELOCATABLE (LOCAL) SYMBOL
DECLARATIONS LBL E203
ENTRY POINT DECLARATIONS ENPT 1, E1
ENPFT — 2, E2
(REENTRANT) CODE E1 ENT
. PUSH 51
CLA 0 1t
STL 2,50
i TRM E3
EXIT
OR NONREENTRANT E2 ENT
TRM Ed
TRA 1 E1
EXTERNAL IDENTIFICATIONS TO ES ISM0D 1, 5, 'AB14s
ENTRY POINTS OF OTHER MODULES E4 1SMDD 2, 7, 'ADO3:

E.G, F3 IS ENTRY POINT 1 OF
MODULE 5 OF USER AB14

END | END
STORE STORE 6, 'AB14;

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

. THE “PUSH MAGRO DECLARES ~STACK ~VARYTABLES, §€.,8., PUSH 5
DECLARES 5 VARIABLES AND PUSHES THE STACK.  ONE THEN USES THESE

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

STACK VARIABLE,
STI 3,50 PUT IN THIRD STACK

‘ VARTABLE, ‘ _
PUSH MUST IMMEDIATELY FOLLOW THE ACTUAL ENTRY POINT (TO ALLOW THE

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

"NUMBER OF STACK VARTABLES IN THE ROUTINE, TD EXIT BACK TG THE
SCOPE MONITOR USE EXIT. THE STACKING, INCLUDING STACKING THE MARK

INTO 1, 50 (WHICH SHOULD THEREFORE NOT BE USED B8UT ALWAYS ALLOWED
FOR) AND PUSHING, POPPING, ERROR RECOVERY IS ALL DONE BY THE SCOPE

MONITOR,

 STACKED VARIABLES HAVE 70 BE USED TO KEEP THE VALUES DF
T UVARTABLES  NEEDED  DURING RECURSTVE CALLS OR ANY TIME THE CTDOE MAY
HAVE 70 WAIT. TO SWAP IN ANOTHER MODULE ONE HAS TO WAIT FOR THE

DISC, SO STACKED VARIABLES HAVE T0 BE USED FOX ANY VALUES,  SET
__BEFORE ANY _TRM, WHICH ARE REFERRED TO AGAIN AFTER THE RETURN
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THROUGH THE MARK, THIS 1S5 BECAUSE ANDTHER USER 4AY ENTER THE SAME

CODE DURING THE WALIT. ONE CAN HAVE MODULES QF REGULAR COODE BUT IY
CANNOT CAlL 1TSELF REHCURS]VELY, AND CANNDT BE SHARED BY ANY OTHER

SYSTEM, NOTE THAT EACH USER HAS HIS OWN NAMES FOR ALL HIS
IDENTIFIERS. HAVING CREATED THE SURSYSTEM, IT CAN BE LOADED FROM

THE PROGRAM STATE, MODULES W]LL NDRMALLY BE MARKED a5 DISPENSIBLE
AFTER USE, AND ARE LIKELY TO BRE SWAPPED OUT IFf THE SPACE IS NEEDED

FOR SOMETHING ELSE) HOWEVER, THE USER CAN MARK ANY MODULE &S
'*RETAINED" WITH 4N INTERRUPT ON THE PROGBRAM PAGE, HE CAN 'RELEASE!

ALSO, LOADIN@ A MODUKLE AUTOMATICALLY RETAINS IT, OR ONE CAN SIMPLY
L ASK 7O TRANSFER 10 4 _MODULE W
EXECUTE IT AND RELINQUISH IT,

‘THE ADVANTAGE OF SUBSYSTEMS 1S, OF COURSE, THEIR EFFICIENDY

TTTTRLTUTHEY  CAN  HE. USED ON AN INTERRUPT BASIS WITHOUT SUAMITTING A
G=-20 PROGRAM, A SUBSYSTEM CAN USE B ROUTINES TO SET UP DISPLAYS,

"ETC, IN PRINCIPLE, ASSEMBLY CODE AND EVEN OCTAL CDDE BGENERATED BY
4 COMPILER CAN BE CGNVERTED TQ SUBSYSTEM FORM, SPACE PERMITYING,

IN QRDER TO HAVE A DATA AREA TO WORK ON, [T IS SUGGESTED THAT SOME
_ _MODULES AE_RESERVED AS DATA AREAS WITH THE ENTRY PUGINTS GOING TO

DATA ACCESSING FUNCTIONS, ~ SUCK MODULES COULD THEN BE LOADED AND
RETAINED IN ¢ORE AND THE: SODE MODULES BE PURE PRNCEDURES WHICH

COULD. SWAP IN AND OQUT AND MANIPULATE THIS DATA, THEY ARE NOT

ACTUALLY SWAPPED OUT, JUST RELFASED TO AvaAlLABLE SPACE, AND, WHEN

NEXT NEEDED, & NEW COPY SWARPED IN,

FoR PASSING. PARAMETERS INDEPENDENTLY OF PARTICULAR DATA.

AREAS, RFQISTERS 52-58 CAN BE USED, THESE ARE SAVED DURING WAITING

FOR THE DISC T SWAP IN THE NEXT MODULE,

THE TEXT EDITOR 1§ & SEPARATE SUHSYSTEM DEVELOPED BY MIKE

_ COLEMAN, AND THEN ADAPTED TO WORK WITH THE SCOPE MONITOR,

TC DEBUG A  SUBSYSTEM, ONe SHDULD FIRST GET T WORKING &S
COMPLETELY . AS POSSIBLE BY RUNS IN LOWER CORE WITH LINEPRINTER

OUTPUT,  THEN ONE CAN RUN IT IN THE H=MODULE 8Y RUNNING A WAITING
PROGRAM IN_LOWER CORE, SO THAT YOU CAN DNLY CLOBSER YOURSELF, THE

WAITING PROGRAM IS BEST WRITTEN IN UPDATE &ND CAN THEN GIVE A DUMP
QF THE H-MOOYLE aND RELOAD A FRESH COPY OF TWE SCOPE MINITOR AT

THE TERMINATION OF THE RUN, IN THIS WAY, ONE CAN DESUOG A SYSTEM IN
3 MINUTE BURSTS WITHOUT ENDANGERING INNDCENT USERS AND WITHOUT

BOTHERING THE OPERATORS TO 0O DUMPS, WHEN THE USER SUBSYSTEM IS
SUPPOSEDLY PERUVUGRED: IT CAN BE RUN  ANY TIME WITH NORMAL USER

PROGRAMS [N LOWER QORE, BUT IT MUST FIRST PASS AW ACCEPTANCE TEST.
THE ACCEFTANCE TEST PROGRAM CAN BE QBTAINED FROM 4, H, 30ND,
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10, GRASP

TGRASPY 1S 4 GRAPHICAL SYSTEM,AKIN TO 'SKETCHPADY, DEVELOPED ™
BY GENE__THOMAS _ON THE G-21, AND DESCRIBED BY WIM 4T THE ACM

CONFERENGE 1967, [T WORKS WITH OUR SCOPES AND IS WRITTEN IN ALGOL

20, _ SO__IT SHOULD ~BE EASILY YRANSFERABLE TD THE 360, IT IS

CURRENTLY REINA MAINTAINED AND EXTENDED BY RON BUSHYAGER,

GRASP (GRAPH]C SERVICE PROGBRAMY 1S A GENZRAL GRAPHIC MODEL

BUILDING SYSTRM, 1T IS5 USED IN TWO WAYS:

1. IT PROCESSES AN INPUT STREAM OF CARDS IN & SIMPLE

T TLANGUAGE, WHOSE FORWAT 15 SIMILAR TO & SEQUENCE 0F aLGAL PROCEDURE

CALLS, TRIS ALLOWS THE USER TO DEFINE AND NAME GRAPHMICAL ELEMENTS

LIKE POINTS,LINES,ETC,,8UILD NAMED CONFIGURATIONS FROM THESE
ELEMENTS AND DURLICATE " INSTANCES OF THESE CONFIGURATIDNS 4T

"DIFFERENT LOCATIONS AND ORIENTATIONS IN THE [3] MOD&L SPACE, THE

STRUCTURE OF THE MODEL IS NESTED, S0 ONE HAS CONFIGURATIONS 4T

T VARIOUS LLEVELS. ONE CAN INPUT CARDS FROM THE NORMAL INFJT STREAM
0”R FROM THE SCOPE FACE aND ONE (AN OUTPUT A (2) DISPLAY DERIVED

FROM THE MODEL,ON THE LINE~PRINTER OR THE SCODPE FACE, THE [2]
DISPLAY 1S CGCOMPLETELY SPECIFIED BY THE USER AS TO ITS SCALE,
HEGION OF INTERSET WITHIN THE MODEL, VIEWPOINT IN THE MDDEL SPACF
AND ORTHOGRAPHIC QR STEREOGRAPHIC PROJECTION, THE MODEL CAN ALSO

MOVED OR DELETYED , _AND THE MODE!L, CAN BE SAVED 0N AN AUXTILIARY AND

"THE TCHANGED IN VARIOUS SIMPLE WAYS = PARTS OF IT CAN BS ROTATED,

FILE.

2, THE USER CAN USE PART DF THE GRASP SYSTEM A4S &N QUTER

PROCEDURES, SIMILAR TO THE LANGUAGE, BUT EMAZDDEDN IN ANY ALGOL

"BLOCK TO AN ALQOL PROGRAM, WHICH CONTAINS PROCEDURE CALLS TO GRASP

CONSTRUCTIONS. TH1IS PROGRAM WOULD CONSTITUYZ &« YAPPLICATION
PROGRAMI __AND, 1M THE GRASP LANGUAGE, (ONE CAN INSTRUCT THE

T ABPLICATION PROGRAM TO BE CALLED FROM 1TS AND FILE AND A°%PLIED TD

__THE MODEL,

GRASP DOBES NOT HAVE CONSTRAINT SATISFACTION FEATURES BUILY
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11. HOM THE SCOPE MGNITOR WORKS,

Yy RELATIONSHIP OF THE SGCOPES TO THE @~p1 AND THE MAIN
.. MONITOR -

TH1S SECTION OAN BE SKIPPED,

THE (=21 HAS SEVERAL AK MEMORY MODULES ON A BUSS, AND, IN
ADDITION, THE H=MODULE, WHICH CAN BE SWITCHED IN AS REQUIRED TD
REPLACE THE G-MONULE, THE CORE LOCATIONS OF THE HW-MODJULE ARE
/160,000 TO 177,777, AND A PROGRAM WILL! COMMUNICATE AITH THIS
CORE  WHEN THE HWeMBDULE 1S SWITCHED 1N3 QTFHERWISE, 1T  WILL
COMMUNICATE WITH THWE G~-MODULE, SWITCHING IS DONE BY SETTING $13 IN
THE_CE REGRISTER. IT CaAN ONLY BE SWITCHED IF THE OPERATDR HAS SET
THE MOLCULE SWITCHMES, TO SEE IF IT IS SWITCHABLE WE MUST READ THE
STATUS REGISTER SR (REBISTER 53 AND LODOOK AT $4, THE NDRMaAL PE
[MAGE PROTECTS THE H=-MODULE, ANP SO WE CAN RESET THAT TD /70 OR
/13 ACCORDING TO WHFTHER THE coRE 1S INVERTED OR NOT. THE CORE IS

INVERTED IF THE <(ABC) BUTTON HAS BEEN SET RY THE OPER4TDR, AND
THIS C4AN BE READ BY LOOKING AT %1 OF SR,IF %1 [5 SEY, THE USE /70,
THE MATN MONITOR IS CONTINUALLY SERVICING INTERRUPTS FROM
TELETYPES, ETC., AND WHEN 1T DOES SO IT STACKS THE ACGUMULATOR AND

THE NC REQISTER OANLY. THE MATN MONITOR INTERRUPT STACK IS 4 DEEP

_AND CIROULAR, WHEN 1T RESTORES CONTROL TO THE PRJ3R&4M, IT RESTORES

THE ACCUMULATOR AND TRANSFERS TO (NC) AND I!T RESETS PE AND CE TO &
STANDARD PATTERN, NOT TGO THE PATTERNS IN OPERATION WHEN THE
INTERRUPT OCCURRED. IT RESETS THEM FROM THE PE AND CE IMAGES,
WHICH 4RE ([69+1) AND (133+5), RESPECTIVELY, HENCE, WE MUST EITHER
TURN CONTROL OFF OR RESET THESE EVERY TIME AFTER CONTROL HAS BEEN
ON., THE SCOPE_INTEARRUPT BUTTONS SET %43 IN IR AND THE MA]Y YONITOR
SENDS CONTRQL TO THE SCOPE MONTTOR, THE SCOPE INTERRUPT BUTTONS,
AT THE SAME TIME, SET THE INTEEEUPT WORDS IN THE H=MUDULE, AND THE
SCOPE MON]TOR READS THESE,

FIGURE 8 SHOWS CODE TO SWITCH IN AND OUT THE H~MODJLE, THE
~ CLOCK INTERRUPT TO THE SCOPE MONITOR CAN B€ EASILY SATCHED aND FOR
____ SPECIAL EFFECT. THE SCOPE MONITOR CANNQT USE ANY OF THE USUAL
FACILITIES 0F THE MATN MONTTOR, LIKE | ROUTINES. AS THESE MAY B8E
IN USE BY THE (DWEA CORE PRDGRAM, COMMUNICATION WITH THE DISC IS
EFFECTED BY USING THE TELETYPE DISC ROUTINE, AND THE SCOPE MONITOR
ONLY ENTERS THEM [F THEY ARE FREE AND WAITS OTHERWISE, THE SCOPE

~ FILES &RE IN & SPECTaLLY RESERVED PORTIGN OF DTSC, CONSTITUTING Ra
TYPE 25, THE__BLOCKS ARE OF LENGTH 160w, HALF THE USUAL BLOCK
LENGTH, DISC SPACE IS MANDLED IN GLDBS ON AN AVAILASLE SPASE LIST
BY THE SCOPE MONITOR.
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TG SWITCH IN THE MM-12
B 7 T BRA 0 JSRi ) o T T T
1tz 0 %41 - o
TRA L1
EXR ©  /77776,CE; -
ER& O /7?7777,CEY h T
ONL 0 §131
T oKD 0 o T
LDR 0 sCET
EEA 0 /5N
TE7 0§13
OCE 0 770=/13TTT T - )
5CA 0 713
DR 6 " SPE}
TRA LZ3
) ERHOA BRI — A NMOBUCE NUT SWITCHABLE
W] NORWAL EXTT HMODULE SWITCRET IN;CONTROL TS OFF
- T0_RESTORE NORMAL USER SETTINGS ) o
. LDR 163+1,PE} . _
LDR 13545, 0E}
e . FiBURE B. L
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B, THE H=-MODULE

TTHET LaAYOUT DF THE H~MODULE IS SMOWN IN FIGURE 93 THE ACTUAL
PATH QOF 'THE SCANNER IS A4S SHOWN IN THE SMALL FIlGJRE, 1IN ORDER NOT
TO UPSET THE SCANNER, IT IS DIVERTED MOMENTARILY TO A SMALL' L0ODP,
LOCATIONS o aAND 4 OF THE H-MODULE, ON ANY REALRRANGEMENT OF THE
DISPLAY AREa. '

THE SYSTEM MESSAGES SIT IN THE M-MODULE AND ARE MADE: VISIBLE
ON 4 GIVEN SCOPE BY SETTING THE LOWER BITS OF THE DELTMIT., "5YSTEM

MESSAGES DRISPLAY IN ALTERNATE MODE AND QN ALL PAGES, -
C. PROCESSING OF INTERRUPTS, WAITING, REENTRANT CODE

_ THE SCOPE MONITOR IS LAID OUT AS AN INTERRUPT CLASSIFICATION
PART AND THEN TASLES OF ENTRY POINTS FOR THE MEAVINGS OF
INTERRUPTS [N EACH STATE. TO EXECUTE A TASK THE APPROPRIATE ENTRY
PGINT 1S ENTERED IN THE PART OF THE CODE WHICH IS REGNTRAVYT, WHEN
THE CONTROL REAGHES A POINT WHERE 1T HaS 70 WA!T FOR THE DISc OR

FOR THE WUMAN TO TYPH IN SOMETHING ON THE SCOPE, 1T MERELY SETS UP

A REQUEST AND RETURNS TQ THE ISR, LEAVING ALL THE LOCAL VARIABLES

AND MARKS, FOR THE ROUTINES S0 FAR PASSED THROUGH, 1IN THE STACK
(THERE 1§ ONE STaCK FOR EACH SCOPE), WHEN THE OPEIATION IS

COMPLETE, IT CARRIES ON WHERE [T LEFT OFF,
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/160000 USED BY SCANNER
___3e . STATE WORD | . e _
_ __._._1x  INTERRUPT WORD 1} SCOPE 1t | NO3MAL R
12 POSITION WORD } | )
%0 M. ... _M_SCOPE 2z I GONSOLEZ I
.. .30 . o | SCOPE 3 | QROUPS
110 1 | ALTERNATE
__ iae ... .o.opgoNsee o _

130 ' | GRIUPS

452  CLOBBER WORD JRO1

154 USER ENTRY POINT
. _.45% _  TRA USER INYERFACE S

.. 180 SYM3AL TABLE AND SYSTEM VARIABLES 1V FIXED LOCATIONS

18C=1700 TABLES AND ALL DATA USED 8Y TYHE SCOPE MONITIR

1780-3100 SYSTEM OTSPLAY PAGES

o 3100-44p0 ISR e
44p0-100080 ROUTINES FOR CARRYING OUT OPERATIONYS
170000-177777_DISPLAY AREA. _
177776 mELIMIT To PROTECT o
177777 CYGLE TU‘EISPLA? PAGES
o e e o e ]
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THE QOMPLETION OF AN OPERATION 1S5 EITHZR TRIGGERED BY AN

INTERRUPT LIKE THE COMPARE INTERRUPT ON THE RETURY CHARACTER, OR,
IN THE QASE OF DISO TRaNSFERS, THE SCOPE MONITOR KEEPS LODKING TO
SEE IF 1T CAN COMPLETE THE OPERATION, IN THIS CASE TO ENTER THE
MAIN MONITOR D1SC ROUTINES,

THIS TINE SHARING,  INTERAUFT PROCESSING, HECHAVISM WAS
__DESIGNED_AND IMPLEMENTED BY JERRY RIGHTNOUR,
D. INTERACTION WITR THE USER PROGRAM

THE B ROUTINES ARE JUST A PART OF THE SCOPs MONITOR WHICH IS

EXECUTED BY THE NEW PROGRAM, FIGURE 10 1S THE INTERFACE RJIUTINE,
__ONE_ CALLS A B ROUTINE BY PUTTING THE NUMBER OF THE B8 RIOUTINE 1IN
THE ACCUMULATOR AND THE SUCCESSIVE ARGUMENTS [N REGISTERS 52-56
AND DQING A TRM TO IO, THIS BLOCX OF CODE IS [NJOLUDED IN THE 8

PROCEDURE IN ALGOL,

JUSER INTERRUPTS ARE HANDLED DIFFERENTLY FROM INTERNAL
INTERRUPTS, THEY ARE CLASSIFIED IN THE ISR, 3UT CONTRIL IS NOT
TRANSFERRED TN TWE USER PROGRAM UNTIL AFTER ALL THE SWITCHES aND
MAIN MONITOR REQISTERS MHAVE BEEN RESTORED JJST REFORE CONTROL
WOULD BRE TRANSFERRED BACK TO MAIN MONITOR, = AT THIS POINT, THE
SCOPE MONITOR EXECUTES ANY USER INTERRUPTS BY TRANSFERRING WITH
CONTROL ON TO THE USER ENTRY POINT IN LOWER C3RE, ACTUALLY,IT
STORES I!TS OWN MARK 1IN THE USER ENTRY POINT AND DOES A YRE 7O
ENTRY POINT  +1, THUS IF: THE FIRST INSTRUCTION TURNS CONTROL
OFF,CNE CAN MAINTAIN CONTROL OFF IN AN INTERACTIVE PROGRAY,




10 (=NT USER INTERFACE ROUTINE
_EXR o [/77776,CEIl CONTROL OFF
STI L20J SAVE PARAMETER
ERA O »SR; READ STATUS REGISTER
IEZ 0 $41 IS THE MM-12 SWITCHABLE
TRA L2J NO EXIT
LDR 0 /20302, CEJ SWITCH TO THE MM-12
HAL /160152) GET THE CLOBBER WORD
UO L10> IS IT INTACT
TRA L2| NO EXIT
LDR 0 »PE> RESET MEMORY PROTECT
CLA L20) REFETCH THE PARAMETER
TRM /1601541 ENTER THE SCOPE MOM | TOR

LO LDR 169*1.PEJ RESTORE MEMORY PROTECT
LDR 133+5.CE) RESTORE CS REGISTER
TRE 1 101 EXIT

12 cLs 0 i SET EXIT SWITCH TO ERROR CONDITION
TRA LO| EXIT

L10 ALF 1JRO1I CLOBBER WORD

L20 LWD ; TEMP
LBL u

FIGURE

10.



SCIPES 47

E. THE TRANSIENT VERSION

“T"i{N  YHE TRANSIENT VERSION UNDER DEVELOPEMENT,ONLY THE' ISR AND

TABLES WILL AE RESIDENT,NCCUPYING ABOUT 1500~ WORDS, THE OTHER

ROUTINES AND THE SYSTEM MESSAQGES ARE SWAPPED IN AS REGUIRED AND
ALt MODULES,WHETHER THEY RE SYSTEM CODE,USER _(CODE, SYSTEM MESSAGES

OR USER DISPLAYS,ARE TREATED EQUIVALENTLY IN THE SAME AVAILABLE

SPACE,  THE SCHENULING IS SUCH THAT MQDULES ARE KEPT IN CORE_AS

LONG AS POSSIALE,TO MINIMISE UNNECESSARY SWAPPING, THUS , A USE OF
SEVERAL RELATED FACILITIES SHOULD INVOLVE NO SWAPPING, IN THIS

WAY, FOR LIGHT USE THE TRANSIENT VERSION SHOULD RUN AS FAST AS THE
RESIDENT VERSIMN, AND FOR HEAVY USE, EJTHER CODE NR DJSPLAY AREA,

THE TRANSIENT VERSION WILL BE ARLE TO CARRY OUT OPERATIONS

IMPOSSIBLE FOf TH® RES]IDENT VERSION ,BUT WITH LESS EFFICIENCY AND
SLOWER RESPONSE.

AT LipRARy

CARNEGIE-WELLEN WNIVERSITY
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BCPL Syntax in Backus Normal Form

<cap> ::- AlE[...Z

<small> ::: alkl|...zZ
<digit> ::2 O}1{...9
<octd> 2z Q11]...7

<nl> 32z <cap>|<small>|<digit>
<n2* 1= <nl>|<nl2><nl>
<name> s3> <small>!<cap><ni>

<gtring>

<strincconstant>

- L *
e
= m = —_—y s
e~ W u
- n = + w4

<0l> 3:: <cctd>|<cl><octd>

<cctn> :3:> *B<ol>

<decn> 33z <diait>|<decn><digit>
<nurhaer> 31z <decn> | <octn>

<2-ap> 13T = |o> koA g=]1

<3-op> 3= X|/1E*[E/LE

<d-op> 113 ||fr|E-

<S-0p> 133z lghift)|rshift

<b-op> 11 ZIAzlz|<zlzlzzlisiiz|gzlgezifelfes|fzlgozlfitelyr>
<F-op> z:1:= & ’
<s5-0g 113 | '

«9-gp> 11> egvinegy

<primary-E> z:2 <string>|<string-constant>|<number>|truelfalise|[(E]]|

valof<block> [<primary-E>[(<E-list>}|<primary-E>[<E>] |
<name> |<string>|<stringconstant> | <number>

<2~E> 13: <primary-E>{<2-op><2-E>
<3-E>» 3z <2-E>|<2-E><3-0op»<3-E»
<4-E> g2z <3-E>»|<3-E»<d-op><4-E>
«S5-E> ss:= <4_E>!<4_E><5*op><5,E>
< -F> s2Z <5_E>|<5_E><6_op><5_ﬂ>
<7-E> s2=: ‘6*E>E<6~E><7—Op><7—E>
<8-E> 13> <7-E>|<7-E><8-0p><8~E>
<Quf>» sz <8_E>E<B_E><9_op><9_E>
<F> a2 <9_E>E<Q_E>::<E>‘<E>
<Ell-

A
o
b
v
T I TIY |

b W e e e

Mobeoak H

T <E>|<Ell>, <E>

<null>|[<Ell>

<name>|<nll>, <name>
<nll>z=<Ell>

<name> [<namelist>khe<klock>
znare>(<namelist>)=<E>

L

<D4> :3:- <name>vec<constant>

<manifestl> ::- <name>-<constant>

<manifest2> ::- <manifestl>|<manifestli>j;<manifest2>
<ranifest> ::z <null=>|<manifest2>

<glckall> ::- <name>j<constant>

<globkal2> ::z <globall>|<glcball>;<global2»>
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<D1l> |<D2> | <03> |<Dd>] <manifest> j<global>

<global> 232 <null>|<gleball>
P <D5>|<D5>§l§9<D>

<Cl» 53z <Ell>3z<Fll>

«C2> g1z <F>i<F—list>i

<C3I> p:1:z goto<E>

<"3> s::z hrezak

<C4>» 2 returmn

<C5> 3z finish

<Chi> g317 resultis<E=

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

<C8>» »:z <hlogk=

<00 33z <Cl>| <C2>1<C3>|<C4> | <C5>]<C6> | <CT7> | «CB>

<Z13> 3= 1f<E>then<C>

<Cll> ::z test<E>then<Crelse<l>

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

<C13> ::z while<E>dgp<C>

<Cl4> :3- until<E>do<C>

«C15%> 3= §9£<name>i<E>Eg<EagEtC>

<Cle> p:z <C9>repeat

<Cl7> :3z <C9>repeatwhile<Ll>

<ClB> ::;:- <C9>repeatuntil<E>

<«C19> 3:: <C9>]<Cl$>]<Cll>i¢ClZ>[<Cl3}|¢C14>|<ClS>|
<Cle> | <C17>]<C1i8>

<y ]l> 7= <name>j

<L2> 3;:- gcage<cconstant>;

<L3> ::1- defaults

<L> 32z <Ll>|<L2>|<L3>

<C>» 22 <C19>|<L><C>

<Clist> ::: <null>|3<C><Clist>

<Dlist> 3= <null>fi<D><DliEt>

<h0dy> 122 <D><Dlist><clist>|<C§<clist>

<tlock> ::2 §{<body>1]



