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Introduction

Micro-Concurrent Pascal, a Pascal dialect, is a high-level language
that supports real-time, inter-tasking programming. The mCP
language offers process and monitor constructs that allow any number
of processes to run independently but at the same time share data
and communicate with each other. An mCP program requires a certain
amount of organization in defining the structure of these software
constructs. This wunderlying structure, different from a standard
Pascal program, promotes a systematic approach to creating
error-free real time systems.

MCP programs are compiled on a host computer which performs
extensive compile-time checking. The compiler produces pseudo code
which may then be downloaded to the target system. On the target
system a 4.6 kilobyte Interpreter/Kernel executes the program. The
P-code (pseudo code) that is produced is position-independent,
reentrant, and ROMable. The mCP program can also access assembly
language routines,

The mCP program which must be interpreted will not execute as fast
as an equivalent  assembly language  program. The 1802
Interpreter/Kernel will execute approximately 1950 P-codes per
second (using a 2.4576 Mhz crystal). This P-code execution speed
plays a major factor in the interrupt handling efficiency of mCP.
Since most real time applications invlove interrupts, mCP must be
able to handle interrupts efficiently. This report will examine the
specifics of the interrupt handling scheme of mCP, The Enertec real
time clock program, ERTC18, will be used in order to outline the
steps taken by the kernel in serviecing an interrupt.

It is assumed that the reader is familiar with the mCP
inter-processing organization. An outline of the ERTC18 program
will be given although a more comprehensive description is given in
the Enertec manual.



Steps in Handling Interrupts
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The interrupt handling system in mCP is based on the mCP DOIO P-code
instruction. This instruction may only occur in a device monitor.
On execution, it causes the currently running process to be
preempted leaving that process to wait for an interrupt to occur.
The kernel will then fetch the next process on the ready queue and
allow it to run. When an interrupt occurs, the kernel identifies
the source of interrupt, preempts the current running process, and
resumes operation of the process that had been preempted and was
waiting for the interrupt (see fig. 1).

In the present system up to 32 levels of interrupts can be handled,
each having a unique priority, and these priorities may be altered
dynamically. '

The ERTC18 program operates a real time clock. The operator may set
the current time from a terminal and view the current time on the
terminal display. The program updates the time on receiving a 1
hertz interrupt from a clock source. In total, three interrupts
must be recognized by the operating system: clock interrupt, UART
receive and UART transmit interrupts, with the clock interrupt
having the highest priority.

The program consists of two processes: the clock process and the
operator process. These processes are continuous loops. The clock
process handles the clock interrupts in the clock device monitor,
and encapsulates the time data structure in the clock monitor. The
operator process allows interaction between the user and the system.
It accesses the Uart read and write device monitors and allows the
user to access the time through the clock monitor. The clock
process is continuously running, responding to clock interrupts and
updating the time data in the clock monitor. The clock monitor can
be accessed by the operator process and thus serves as the bridge
between the two processes. The operator process continually waits
for operator input to read or change the current time in the clock
monitor.



FIGURE 1.(a) Simple System Response to a DOIO Instruction
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1. Process A active in Device Monitor issues a DOIO statement.

2. Process A preempted and placed on the device monitor's Single Process
DOIO Queue.

3. Process at head of Ready Queue is run (i.e. Process B enters Monitor).




FIGURE 1. (b)
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1. Interrupt occurs, currently running process (Process B) is preempted
and placed at head of Ready Queue.

2. Process waiting for interrupt, Process A, restarted (in device monitor).



The program flow is shown in figure 2. When the program is run, the
time 1is reset to 00:00:00. In the clock device monitor a DOIO
statement preempts the clock process and the clock process then
waits for an interrupt. The other process, the operator process, is
then scheduled, initializing the UART and sending a prompt ( "> )
to the terminal. The operator process is then preempted on
execution of a DOIO statement in the UART read device monitor, and
the process then waits for the operator to enter & command on the
terminal.

At this point the only process which is running is the background
process, Both clock and operator processes have been preempted and
are placed on the clock single process DOIO queue and the UART
single process DOIO queue, respectively. The system in this state
will from now on be referred to as the "minimum state". It is in
the minimum state because all monitor queues are empty and the oﬁly
process on the ready queue is the background process (see figure
)



Clock Process

FIGURE 2 ERTC18 Program Flow
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Clock Interrupt Servicing

During the execution of a process in mCP the kernel will disable
interrupts as a P-code instruction is fetched, and enable interrupts
after a P-code instruction is completed. Hence there is a "window"
through which interrupts are allowed to interrupt the running
process. An interrupt could occur just after a P-code was fetched,
and the kernel would then prevent the CPU from being interrupted
until the P-code was interpreted and executed. This reduces the
efficiency of interrupt handling. Although this problem cannot be
directly avoided, it points to the major contributing factor in the
efficiency of interrupt servicing: the speed of executing P-codes.

In the minimum state of the ERTC18 program, the running process is
the background process. This process consists of a mCP HALT
instruction which puts the CPU in an idle state and waits for
interrupts. Thus the problem of an interrupt occurring while the
kernel is executing a P-code is avoided. As soon as any interrupt
occurs in the minimum state, control is transferred immediately to
the kernel's interrupt handling routines. The time taken by the
kernel to handle interrupts from this state will be the minipum.

€

The code contained in the Clock device monitor must be analyzed to
determine the interrupt handling efficiency. This code is listed
below,

BEGIN
DOIO;
OUT( #00,CLOCK_WORD );
END

The DOI0 statement suspends the clock process to wait for an
interrupt to occur. The operator process is run, and eventually
suspended by a DOIO statement. The system is in the minimum state
with both processes waiting for interrupts. When the clock
interrupt occurs the Kernel's interrupt servicing follows these
steps:

1: The source of Interrupt is determined.

2: The presently running process (the background process)
is preempted.

3: The process waiting for the interrupt (i.e. clock process)
is restarted.



The source of interrupt is determined by examining the event flag
associated with the interrupting device ( see Appendix: Clock
Hardware). When the clock process is restarted, the next P-code
fetched and executed will be the OUT instruction. This instruction
will cause &a pulse to be transmitted which will reset the clock
hardware. The clock device monitor will then be exitted on
execution of the END statement. The clock process then updates the
software time variable by one ( i.e. one second ) and eventually
the process cycles back to the minimum state upon execution of the
DOIO instruction in the clock device monitor. Every second, on
clock interrupts, this sequence is repeated.

The steps in handling the clock interrupt from the minimum state are
outlined in figure 4, Labels identify the routines used in the
kernel. From measurements made on the logic analyzer, it was found
that it takes 238 microseconds for the kernel to recognize the
highest priority Legal interrupt (i.e. the clock interrupt, Step
1).

At this point additional time is required to preempt the current
running process and switch control to the proecess waiting for the
interrupt. The time it takes between switching processes up to the
point of fetching the OUT P-code in the device monitor following the
DOIO instruction is 694 microseconds (Steps 2 and 3).

Execution of the OUT instruction to reset the clock takes 2621
microseconds, Up to this point the total time taken from the time
the clock interrupt occurred to the time when the clock hardware is
reset is 3552 microseconds,

Finally, the time taken for the kernel to exit from the device
monitor and return to the clock process (where the time variable is
to be updated) is 4493 microseconds.
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Figure 4.(b) Clock Interrupt Servicing
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The organization of the ERTC1€ progran is satisfector: for the
intended purpose - providing e simple opereting syster allowinz =
rezi time clock to be set or viewed via 2 terninesl. The syste:n can
hanéle the 1 Ez clock interrupt effectively. Since he interrupt
period is =sufficiently 1long there is enough time after the clock
interrupt has been handlea for the systen to eiecute up to 1934
P-codcs. Fowever, if wc wanted to run the clock =t higher speecs
problens would arise.

4 clock freguency of 200 Hz for example could not be hanclec since
it takes €.045 milliscconcc to recognize the interrupt, reset the
clock, and exit from the clock device monitor. & clock frequency of
120 Hz coulcd be handled, but there would not reuain any time betueer
interrupts tc run other processes. At 5 Kz, though, there would be
162 mnilliseconds between interrupts, =and 374 P-codez could be
executed. This clocl freguency would be the riost appropriate for
the present 1802 svstexn.

Other problens will arise in mwmultiple interrupting applications.
I"CP does not enable interrupts after I/C instructions. In the
ERTC18 progran although the cloek interrupt is recognized and reset
in 3.55 nilliseconds, the kernel will only enable interrupts when
the P-code following the OUT P-code has been completed. This means
that the CPU is tied up for another 391 microseconds where it cannot
service interrupts frou other sources. Furthernore, the timc taken
te exit from the device monitor that resets the interrupting device
and switch processes back to the main running process will reduce
the available tire to perforr. background processing (i.e. data
ranipulations, reth operztions, etc.).

For minimur-processing applications like the ERTC1¢ progren  where
the frequency anc number of interrupts are low, then the present nCP
interrupt handling schene is acceptable. £ clock interrupt
freguency of & lihz. would allow enough time between interrupt
servicing for 274 P-codes, [for example. For applications requiring
hirher clocl: interrupt frequencies, with several sources of
interrupts, and niore processing, the mCP interrupt handling schere
will not work effectively anc may have tc be zltered, -



Hardware/Software Solutions

The simplest way to increase the clock interrupt handling speed is
to remove the mCP OUT instruction that resets the clock hardware.
Knowing that it takes 238 microseconds to recognize a legal
interrupt, we could redice the clock interrupt pulse to 500
microseconds, This would allow sufficient time for the kernel to
identify the interrupt while ensuring that the interrupt line will
be reset before the clock device monitor is exitted. By removing
the QUT instruction a saving of 2621 microseconds can be achieved.
The total time taken to handle this interrupt, from the moment the
interrupt occurs to the time interrupts are enabled after exitting
from the device monitor will be 5.424 ms compared to the previous
8.045 ms, .
An alternate safer approach would require modifying the kernel.
When the appropriate interrupt is identified, a "Set Q", "Reset Q"
sequence could be performed within the kernel, thus sending z pulse
via the CPU Q output, This output would reset the clock hardware
before the next P-code (i.e. EXIT) was fetched. This would replace
the OUT instruction, and thus the time savings would be similar to
the previous approach,

These methods are simple, Yyet would not provide any real great
improvement in general interrupt handling. At most an additional 5
P~codes could be executed between the clock interrupts. Any need
for faster handling would require modifications to the basic mCP
program design, necessitating kernel modifications and a departure
from the DOIO "wait-for-interrupt™ approach. Some ideas include
interrupt vectoring or a dedicated clock interrupt service routine.

Interrupt vectoring would require some external hardware such as the
RCA 1877 Interrupt Controller. Modifications to the mCP kernel and
the DOIO section of the interpreter would have to be made.

The other possibility is in applications where a clock interrupt
plays a major role in the scheduling of processes and control. Use
of the RCA 1804 CPU with its internal counter-timer could provide
accurate presettable internal clock interrupts. Modifications of
the kernel would allow conditional Branch on Internal Interrupts to
transfer control to certain processes or simply update a software
counter.



Conclusion

The ein of this report waes to cvaluate the 1802 ricro-Concurrent
Pascal syster. After runnin: the Enertec EETC1EL real-tine progren
it wes <founc thet the clocl: interrupt serviecings was not very
efficient,. This report exawinec the nCP interrupt handling schens
particular te the 1602 systen, using the ERTC18 progran as zn
exranple.

Ln analysiz of the cteps taken by the nCP lerrel ir servicing
interrupts shouec that for the LCRTC1E€ progran, handling of the clock
interrupt was fro. ¢ nmininum state. From this state, CPU servicing
of the interrupt wac the quickest possible. The tire talen to
recognize thi: interrupt, reset the clock interrupt device, anc.exit
fror the clock device nonitor was €.045 nilliseconds.

For applicetione suck as the ERTC18 real-time clocl;, where the
freguenecy and pusber of interrupting devices is lou, the present oCP
systerm isc suitable. The time available between the 1 hertz clock
irterrupt was encugh to allow for updating of the dazta and examining
the UART device for operator input. A suitable typical application
could be ¢ date acquisition system that requires a terminal control
and performs nmeasureuments on a 5 Hz clock interrupt. In this case
there would be enough time for about 374 P-codes to be executec
between clock interrupt serviecing. If the data processing overhead
is not too severe ther the present systen will perform well for this
tvpe of application.

Applications involving several, frequent interrupting devices or
heavy mathematiczl computation and data processing betweer
interrupts, then the present system will not work well. In such a
systen requiring quick response to an interrupt, certain hardware or
software nodifications will have to be nade. A modification of the
kernel could allow a faster acknowledgement of z clock interrupt anc
avoid the necessity of having a clock device mnonitor and its
software overheacd to cocntrol the clock. MCP's provision for
accessing xternzl essembly language routines can  be used
advantageously, or harduvare controlling of interrupts could benefit
certain higher =peec epplications.



In general, thoughk, these modifications would reqguire z modification
of the nCP iuterrupt handling scheme. This would entail 2 departure
fro.. the structured, portable, high-level software to ¢ rore
cediczted, 1less portable svstem. VWith an interpretive pscudo-codecd
language such as 1iCP, code execution speec will not be as fast as e
cimilar assewnbly langcuage program. The funcemental probler of
interrupt handling for rezl-tire applications lies not in the nlP
irterrupt servicin; schene, but in the speed of P-code execution.
Litenpts to modify the kernel can improve a systen, but the overzll
performence of the svsten 1is 1limited by the speed of P-code
execution. "odifications of the systenm should be incorporated
within the basic mCP programming constructs ( i.e. processes,
uonitors, and device nonitors). In this way the fundamental reasons
for nCP prozremning can  be rezlized. A rezl-tire progran can be
created using, the clarity and flexibility of & structured hish=-level
lanpuege with & programniing environment that reduces the possibility
of real-tine errorc.
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System Device Interrupt Connections
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CONST CLOCK_GROUP = 8;
CLOCK FLAG = 4;
CLOCK SELECTOR = &;
UART GROUP = 4;
UART RECV_FLAG = 4;
UART RECY_SELECTOR = 4
UART XMIT FLAG = 2;
UART XMIT SELECTOR = 3
INTTEL TERMINATOR = -1

STRUC_CON INTTEL: ARRAY[L..101 OF -i,.8 =
[CLOCK GROUP, CLOCK FLAG, CLOCK SELECTOR,
UART_GROUP, UART_RECV_FLAG, UART RECV_SELECTOR,
UART_GROUP, UART_XMIT_FLAG, UART_XMIT SELECTOR,
INTTEL TERMINATORD;

CONST DATA_WORD ADR(%$04102);

CTRL _WORD ADR(#0403)

CLOCK_WORD = ADR(#0B02);

LINELENGTH = 74;

NUL=?2(:0:)?; BS=2(:8:)?; LF=2(:40:)’; CR=?2(:43:)7;
NUL2=2(:0:)(:0:)7

TYPE TIME = RECORD
HOUR : 0..24;
MIN, SEC : 0..60
END;
LINE_DISP =(PROMPT, NEWLINE, STAY);
LINE = ARRAYI4, . LINELENGTH] OF CHAR;
INT = 0..427;

(3533533222335 %2

¥ UART _WRITE #
FEEFL RS0 RERD

TYPE UART WRITE = DEVICE MON (SELECTOR: INT);

PROCEDURE ENTRY WRITE(MESSAGE: LINE; DISP: LINE DISP);
VAR T: INT;
THROWAUWAY: INTEGER;
REGIN
IT:=4;
OUT(#ED, CTRL _WORD) { XMIT REQ., INT. EN., 8 DATA, 2 STOP, NO PARITY
DOIO;
WHILE (MESSAGEII1 (> NUL) AND (I<KLINELENGTH) DO
REGTN
AT/ MDD MECOACTETITTTIY TATA LIMDNS fOrAN A CUUADACTEDRY



e T WP
INCCTY;,
. END:
IF (DISP=PROMPT) OR (DISP=NEWLINE) THEN
REGTIN OUT(ORD(CR)>, DATA MWORD)>; DOIO;
OUTC(ORD(LF), DATA_WORD); DOTIO;
END
IF DISP=PROMPT THEN
REGTN OUTC(ORD(?>?), DATA_WORD); DOTIQ; END;
QUT (23D, CTRL WORD); {TRANSMIT INHIRIT OTHERWISE SAME AS AROVED
THROWAWAY := TNN(CTRL WORD);
END;

PROCEDURE ENTRY ECHO(CHRS:CHAR);
BEGIN
OUT(#ED, CTRL WORD);
DUT(ORD(CHRS), DATA_WORD);
DUT($3D, CTRL WORD);

END;
REGIN
QUT (#3D, CTRL WORD);
END s
SEZZZEE2E23 T2 2:
¥ UART_READ *
4 EF L ERETEE)

TYPE UART_READ = DEVICE MON (TERM _OUT: UART _WRITE;
SELECTOR: TNT);

VAR THROWAWAY: INT;

PROCEDURE ENTRY READ( VAR MESSAGE: LINE; VAR LENGTH: INT);
VAR LASTCHAR: CHAR;
BEGIN
LENGTH: =03
REPEAT
IF LENGTHCLINELENGTH THEN INC(LENGTH);
DOTO;
LASTCHAR := CHRCINN(DATA_MWORD)); (GET A CHARACTER)
IF LASTCHAR=ES THEN
BEGIN

IF LENGTH )= 2 THEN DEC(LENGTH);
DEC(LENGTH);

END
ELSE MESSAGEILENGTH] := LASTCHAR;
IF LASTCHAR (> CR THEN
REGIN
TERM_OUT .ECHO(LASTCHAR) 3
END;

UNTIL (LASTCHAR = CR);
TERM OUT.WRITE(NUL2, NEWLTINE);
IIND

REGIN
THROWAWAY : =INN(DATA_WORD);
THROWAWAY : =INN(DATA_WORD);

END;

S X222 EZE2 LTS ELL LS
¢ CLOCK _MONITOR #
S35 04)

TVOE Ot ACY MOMTTAD -~ MOMTTOR (TERM NIIT: 1HART WRTTE)Y «



PROCEDURE ENTRY TICK;
BEGIN
WITH CLOCKTIME DO
REGIN
INC(SEC);
IF SEC=60 THEN
BEGIN
SEC:=0; INC(MIN);
IF MIN=60 THEN
BEGIN
MIN:=0; INCC(HOUR);
IF HOUR=24 THEN

)

BEGIN
HOUR : =0
TERM_OUT . WRITE(?’IT IS A NEW DAY(:0:)’?, NEWLINE);
END
END
END
EIND
END;
PROCEDURE ENTRY SETTIME(T: TIME);
REGIN :
CLOCKTIME := T3
END;
PROCEDURE ENTRY GETTIME(VAR T: TIME);
REGIN
T = CLOCKTIME;
END;
REGIN

WITH CLOCKTIME DO BEGIN HOUR:=03; MIN:=0; SEC:=0; END;
END;

CHEEE33 33533098

.% CLOCKPULSE %
FEFERRE 45D

TYPE CLOCKPULSE = DEVICE _MON (SELECTOR: INT);
PROCEDURE ENTRY TICK;

REGIN
DOIO,
OUT(4#00, CLOCK WORD);
END;
BREGIN
 SET UP TO START THE CLOCK 3
END;
(HEEEE 244234300543
¢ CLOCKPROCESS %
FEEFFETRR 4448

TYPE CLOCKPROCESS = PROCESS (PULSE: CLOCKPULSE;
CLOCK: CLOCK MONITOR);

KEGIN
CYCLE CLOCK.TICK; PULSE.TICK; END;
END;

CEEFEFHEETTIT3 2342
2 NPFPATORPRNOCERS " $
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TERM_ TN:

* TYYPE OPERATORPROCESS = PROCESS ( CLOCK: CLOCK MONITOR;

UART READ;

TERM _OUT: UART WRITE);

VAR BUFFER: LTINE;
LENGTH: INT;
T: TIME;,

FUNCTTON NUMERER(CHARACTER: CHAR): INT;
REGTN NUMBER:=0RD(CHARACTER) ~ ORD(’

FUNCTION ASCIT(NUMERER: INT): CHAR;
REGIN ASCITI :=CHR(NUMRER + ORD(?0?));

HEGIN
CYCLE
TERM OUT . WRITE(NULZ, PROMPT);
TERM_ TN.READ(BUFFER, LENGTH);
CASE RUFFERI41 OF
'g2 (KET TIMEY

REGIN
WITH T DO
REGIN
HOUR : =23
MIN :=%0;
SEC :=10;
END;
CLOCK ,SETTIME(T);
END;
G {(GET TIMEY
BEGIN
CLOCK .GETTIME(T) ;
WITH T DO
REGIN

RUFFER[41:=ASCIT(HOUR DIV 10);
BUFFERI31:=?:2;
BUFFER({41:=AGCIT(MIN DIV 10);
RUFFERIBY:=2:7
BUFFER[71:=ASCIT(SEC DIV 40);
RUFFERI?1:=NUL;
END;
TERM_OUT .WRITE(RUFFER, NEWLINE);
END;
(> BEGIN END;
END;
END;
END;

CHREFFRFLEREFEE02400 08
# INITIAL PROCESS #
FEXEEER R4

VAR CLOCK: CLOCK_MONITOR;

TICKTOCK: CLOCKPROCESS;
PULSE: CLOCKPULSE;
OPERATOR: OPERATﬂéPRUCESS;
TERM_IN: UART READ;

TERM_DUT: UART _WRITE;

BEGIN
INIT TERM_OUTC(UART XMIT_SELECTOR);
INIT CLOCK(TERM OUT);
INIT PULSE(CI.OCK SELECTOR);

0°); END;

END;

BUFFERI21:=ASCTITI(HOUR MOD 10);

RUFFERIS1:=A8SCIT(MIN MOD 10);

RUFFERTRI:=ABCIT(SEC MOD §0);

{MONITOR2
{PROCESS T0O CYCLE CLOCK?

(DEVICE MONITOR FOR TIMERD
(PROCESS)

{DEVICE ™MON FOR TERMINALD
{DEVICE MON FOR TERMINAL]

INIT TERM_IN(TERM OUT, UART_RECV SELECTOR);
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I TICKTOCK(PULSE, CLOCK);
T OPERATOR(CLOCK, TERM_IN, TERM DUT);




RO CCONCURRENT PAGCAL VERSION 2.4

COPYRTIGHT

RLEN . H
ELENGTH :
STLENGTH:
it ¢ 0004)
2: C 0004)
3: C 0004)
4. ¢ 0004)
S: ¢ 0004)
6: ( 0004)
7: ¢ 0004)
8: ( 0004)
9: ¢ 0004)
10: C 0004)
i1 C 0004
{2: C 0004)
13: ¢ 0004)
i4: € 0004)
1S: ¢ 0004
16: € 0004)
17: C 0004)
ig: 7 0004)
19: 00604)
20: ¢ 0004)
2i: ( 0004)
22: ¢ 0004)
23: (¢ 0004)
24: C 0004)
25: ¢ 0004)
26: ¢ 0004)
27: ( 0004)
28: ( 0004)
29: ( 0004)
30: ¢ 0004)
3i: C 0004
32 ( 0004)
33: ( 0004)
34: ( 0004)
35: ¢ 0004)
360 C 0004)
37 C 0004
38: ¢ 0004)
39: ¢ 0004)
40: ¢ 0004)
44: ( 0004)
42: ¢ 0004)
43:. * 0004)
44; 6004)
45: ¢ 0004)
46: ( 0004)
47: ( 0004)
48: ( 0004)
49: ( 0004)
S0: ¢ 0004)
T4 ( ONNAY
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PROGRAM LISTING
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CLOCK GROUP = 8}

CLOCK FLAG = 1,

CLOCK SELECTOR = 6;
UART_GROUP .= 1;
UART_RECV_FLAG = 4;
UART RECV SELECTOR = 4;
UART XMIT_FLAG = 2,
UART_ XMIT SELECTOR = 3;
INTTRL _TERMINATOR = -4;

STRUC_CON INTTBL: ARRAY[{..40] OF -1..8 =
ICLOCK_GROUP, CLOCK FLAG, CLOCK SELECTOR,

UART_GROUP, UART _RECV_ FLAG, UART RECV SELECTOR,
UART_GROUP, UART 'XMIT FLAG, UART XMIT SELECTOR,
TNTTBL. _TERMINATORI

CONST

TYPE

DATA_WORD = ADR(#0402);
CTRL_WORD = ADR($0403);

CLOCK_WORD = ADR(%0802);
LINELENGTH = 74;
NUL=2(:0:)?; ERS=2(:8:)7; LF=2(:40:)7,

NUL2=2(:0:)(¢:0:)7;

TIME = RECORD
HOUR : 0..24;
MIN, SEC : 0.
END;
LINE DISP =(PROMPT, NEWLINE, STAY);
LINE = ARRAYI[1. .LINELENGTH] OF CHAR;
INT = 0,.427;

.60

CHEEREE245 4084043
$ UART_WRITE #
2t 82L002Y

CR=?(143:) 7,



e e

END.;

A32F . JUMP ~P10
END
D& END_PROCESS

(R332 23204230003
¥ 'NITIAL PROCESS «
A A EFREIREERREREND

VAR CLOCK: CLOCK _MONITOR; {MONITOR?
TICKTOCK: CLOCKPROCESS; (PROCESS TO CYCLE CLOCK) Se—
PULSE: CLOCKPULSE; (DEVICE MONITOR FOR TIMERY  ...° .uj
~ OPERATOR: OPERATORPROCESS; {PROCESS) R
TERM_IN: UART_READ; (DEVICE MON FOR TERMINALD
) TERM _OUT: UART_MWRITE; {DEVICE MON FOR TERMINAL)
L]
) REGIN
) INIT TERM OUT(UART _XMIT SELECTOR);
) BAF4 PS_AD G 14 -2
y 03 CONSTANT 3
) C600000234FE INIT MON 0 2 -4463
) INIT CLOCKC(TERM_OUT);
) BAFE PS_AD G 4 -2
) B2F4 PS VW G 1 -2
) C6030002DAFE INIT_MON 3 2 -294
) INIT PULSE(CLOCK SELECTOR); ] il
) BAFA PS AD G 1 -6 A
) 06 CONSTANT & Gt
) C4O0DOOOREEFE INIT_MON 0 2  -274
) INIT TERM_INC(TERM_OUT, UART_RECV_SELECTOR);
) BAF6 PS_AD G_ 4 -10
) 85 ° PS VW C_4 -42
) 0- CONSTANT 4
Yy C604000464FE INIT_ MON 4 4 445
) TNIT TICKTOCK(PULSE, CLOCK);
) BAFC PS_AD G ¢ ~4
) B2FA PS VW _G_1 -6
)y B2FE PS VW G 4 -2
) CB4400000004D9FE INIT_PROCESS 65 0 4 295
') INIT OPERATOR(CLOCK, TERM_IN, TERM_OUT);
') BAFB PS_AD G 4 -8
t) B2FE PS VW G 4 -2
) B2F4 PS VW_G 4§ -42 Hrer
) CRA4004E0006EBFE INIT_PROCESS 68 78 & -280 3
)  END,
Y Db END_PROCESS
\) CEB2C000CO0000B3FF INIT_PROCESS 44 12 0 -77
) FC HALT
E; ‘
00 00 00 00 OO0 00 00 00 0O 00 00 00 00 ( S h e e b 1
) 00 08 01 06 Of 04 04 0% 02 03 FF 00 00 49 [........ 00000, 1]

) 49 53 20 41 20 4E 45 57 20 44 4% 59 00 [T IS A NEW DAY, 1
1K
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63Ced
nice)
MC%)
0iC6)
0sC7)
0sC8)
04CR)
piCC)
01CED
04CFH)
04iD0)
0iD4L)
01D4)
0iD%)
0iD6)
01D7)
041DA)
01DR)
0iDR)
04DD)
01DE)
04DF)
0iEL)
01E2)
0sE2)
0iE4)
01ES)
04E6)
041E7)
0iEA)
OLER)
f1EC)
DLED)
04iF0)
01F 1)
05F3)
0iF4)
01FS)
0iF6)
01F9)
0iFA)
04FB)
0LFC)
04FF)
0200)
6200)
0202)
0203)
0204)
0205)
020%)
0207)
0207)
0208)
020A)
020R)
020E)
020E)
0210)
0210)
0242)
0212)
021%)
024D)

0225) EAFFEBFFE&GFFEAFF

RO FUNG . WURD
PAFF DY PS VW LL 4 FD -2 i
91 PS_INDE
0A CONSTANT 40
Ea DIV_WORD
CFBCFF CALL _ROUTINE -146
A3 COPY_RYTE
BAEG PS_AD G 4 ~74
0s CONSTANT )
A7 INDEX 414
RO FUNC_ WORD
P6EFENL PS VW L. 4 FD -2 i
?1 PS. INDR
0A CONSTANT 10
EC MOD
CF7DFF CALL _ROUTINE -134
A3 COPY RYTE

BUFFER[&T =22
8ARG PS_AD G 14 -74
06 CONSTANT 6
A7 INDEX 1%
2A3A PS_CONST 4 58
AR COPY _RYTE

, BUFFERI71:=A8CII(SEC DIV 10); RUFFERIB81:=A8CII(SEC MOD

8ARSL PS AD G_1 -74
07 CONSTANT 7
A7 INDEX_ 414
RO FUNC_WORD
P6FEQ2 PS VW _LL { FD =& e
91 PS_ INDR
0A CONSTANT {0
EA DIV _WORD
CF&67FF CALL_ ROUTINE -453
A3 COPY_RYTE
BARG PS_AD G 1 ~74
08 CONSTANT 8
A7 INDEX 414
BO FUNC_WORD '
P6FE02 PS_ VW L_4 FD -2 2
?1 PS_INDB
0A CONSTANT {0
EC MOD
CFSBFF CALL_ROUTINE -168
Az COPY BYTE

RUFFERI9) :=NUL;
BARG PS_AD G 1§ ~-74
09 CONSTANT 9
A7 INDEX 414
AD COPY_ZERO

END;
FEOR POP 2

TERM OUT.WRITE(BUFFER, NEWLINE);
54 FPS_VUW G+06
BAR6G PS_AD G 14 ~74
01 CONSTANT i
CFF7FD CALL ROUTINE -S21
END
4427 JUMP 34
() REGIN END;
4420 JUMP 32
END;

CE470C CASE_JUMP 74 12
FAFF7AFFF6FFFAFF -b -134 -10 -42
FeFFFOFFEEFFECFF -44 -16 -18 -20

-pP -4 -26  -?8

10
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0475%)
DA77y
0477)
06477
0L77)
0179

L79)
ui79)
11 7R8)
047C)
047D)
017D)
ni80)Y
0182)
0483
0483)
0486)
0487)
0488)
0188
0184
0s8a)
04BR)
048D)
0190)
0490
0192)
4492y
0492)
0492)
0493
049%)
0498)
0198
0419A)
0194)
049A4)
052C)
049D
049E)
019F)
0iAa1)
01ia2)
04a3)
041Aa4)
DLA7)
0:A8)
01AA)
0iaRB)
01aC)
04AD)
04iAF)
0LER0)
04ER1)
04E2)
0iRS)
DLR6)
041B6)
04B8)
04E?)
04{BA)
04iBC)Y
04RD)
04BD)

L R NN

Fow 4 oA

4490 JUMP 156
87 (SET TIMED
REGIN
. WITH T DO
8ARY PS _AD G_ & -78
BEGIN
HOUR 1 =23
B6FE PS_ VW L 4 -2
17 CONSTANT 23
A3 COPY_BYTE
MIN :=50;
P6FEO0L PS_VW L {_FD -2 1
?a32 PS _CONRT 4 S0
A3 COPY_RYTE
SEC :=40;
P6FEN2 PS VW LL_1 FD -2
0A CONSTANT 40
A3 COPY_RYTE
END;
FEO2 POP
CLOCK.SETTIME(T);
53 FPS_VW G+40
BARZ2 PS_AD_ G 4 -78
CF7DFF CAL.L _ROUTINE ~434
END;
44470 JUMP 160
'G? (GET TIME)
BEGIN
CLOCK.GETTIME(T);;
53 FPS_VW _G+40
8AR2 PS_AD G 14 -78
CF7FFF CALL_ROUTINE -129
WITH T DO
B8AR2 PS_AD G_1 -78
EEGIN
BUFFER[41):=ASCIT(HOUR DIV 40); BUFFER[21:=ASCII(HOUR MOD ¢
8AR6 PS AD G 4 ~74
04 CONSTANT i
A7 INDEX_ 414
BO FUNC _WORD
86FE . PS_VW_L 4 -2
?4 PS _INDE
0A CONSTANT 40
EA DIV _WORD
CFROFF CAalL _ROUTINE -80
A3 COPY BYTE
B8AR6 PS _AD G 14 -74
02 CONSTANT 2
A7 INDEX 414
EO FUNC_WORD
86FE PS VW L 1§ -2
94 PS._INDE
0A CONSTANT 40
EC MOD
CFA2FF CALL _ROUTINE -94
Al COPY BYTE
BUFFERL3Z]:=?:7;
8ARG PS_AD G_ 14 -74
03 CONSTANT 3
A7 INDEX_414
PA3A PS _CONST 4 S8
A3 : COPY_ _RYTE
BUFFER[41:=ASCII(MIN DIV i10); BUFFERIS]:=ASCII(MIN MOD i

BAB6 PS_AD G_1 ~74
noa COAMOTANMT A

)

ra



43: ( 0141)
A, C 0848)  (F¥353833335234004%
1S: (- 044%) # CLOCKPROCESS #
6 (0444 #5334 484348)
37: ( 044%)
iB: ( 0444) TYPE CLOCKPROCESS = PROCESS (PULSF: CLOCKPULSE;
39: ( 04141) CLOCK: CLOCK _MONITOR);
0 1444) .
1: C 0441) REGIN
2 ( 04440 CYCLE CLOCK.TICK; PULSE.TICK; END;
( 0141) Si FPS_VUW_G+06
¢ 0142) CFB9FF CALL _ROUTINE ~-149
( 014%) S2 FPS_VW G+08 '
( 0146) CFERFF CALL _ROUTINE ~-24
( 0149) 43F7 JUMP -9
‘3: ( 0414E) END;
( 044F) Db : END_PROCESS
'4: ( 0140C)
'S 0440)  (FEEEFERE3E3E4385402
*6: ( 014C) * OPERATORPROCESS #
70 C 044C) #EFEFFEEREEEEFTEEN)
’8: ( 0440)
9. ( 044C) TYPE OPERATORPROCESS = PROCESS ( CLOCK: CLOCK_MONITOR;
10: ¢ 044C) TERM_IN: UART _READ;
Ji: ( 014C) TERM_OUT: UART _WRITE);
12 ( 0440) VAR BUFFER: LINE; .
13: ¢ 0440C) LENGTH: INT;
J4: ( 0140) T: TIME;
15: ¢ 0440)
161 ( 014C) FUNCTION NUMRER (CHARACTER: CHAR): INT;
)7: ( 014C) BEGIN NUMBER:=0RD(CHARACTER) -~ ORD(’0?); END;
¢ 044C) CL0A00 ENTER i0 0
J14F) 72 FPS_AD L+4i2
¢ 0450) 34 FPS_VUW _L+40
( 04151) 9A30 PS_CONST 4 48
( 0153) E& SUR_WORD
( 0454) A2 . COPY_WORD
( 01%5) Di EXIT
18: ( 0456)
19: ( 0156) FUNCTION ASCII(NUMBER: INT): CHAR;
.0 € 04586) BEGIN ASCII:=CHR(NUMBER + ORD(’0?)); END;
¢ 0456) CLi0A00 ENTER 10 0
¢ 0159) 72 FPS_AD_L+42
( 04iSA) 34 FPS_VUW L+40
( 04SE) 9430 PS_CONST 14 48
( 04SD) EA4 ADD_WORD
( 045E) A2 COPY_WORD
( 04SF) DI EXIT
1i: ¢ 0460)
i2: ¢ 0160) BEGIN
13: ¢ 0560) CYCLE
i4: C 0460) TERM_OUT ,WRITE(NUL2, PROMPT);
¢ 0160) S4 FPS_VU_G+06
( 0461) B891A00 PS_AD_CN_2 26
( Di64) 00 CONSTANT - O
¢ 0165) CF9DFE CALL _ROUTINE -35%
1S: € 04168) TERM_IN.READ(RBUFFER, LENGTH);
0168) 52 FPS_VU G+08
( 0169) BARSG PS AD G 14 ~74
( 046B) BARS PS_AD _G_14 ~-75
( 016D) CFOBFF CALL_ROUTINE -24¢
L6: ¢ 04170) CASE BUFFER([4] OF
( 0470) BAR6 PS_AD_G_14 ~74
¢ 0§72) 04 CONSTANT i
( 0473) A7 INDEX 4.4



( 0106) CFFOFE CALL ROUTINE ~260

B:.¢. 0409 END;
®: (0309 END
0: € 0409 END
i ¢ 0509 END;
( 0i09) FEO? POP 2
2: ¢ 040R) END;
 410B) DI EXIT_ MON
3: C 0100
4: ( 040C) PROCEDURE ENTRY SETTIME(T: TIME):
5: ¢ 040C) REGIN
¢ 010C) C30C00 ENTER MON 12 0
b ( 040F) CLOCKTIME := T,
¢ QI0F) BAFD PS_AD G 4 ) -3
(¢ 0444) 3% FPS VW L +40
( 0142) A40300 COPY_STRUC 3
371 (044 END;
( 044%) D3 EXIT_MON
38: ( 0446)
91 € 0446) PROCEDURE ENTRY GETTIME(VAR T: TIME);
0 € 0146 BEGIN
( 146> C3ROCOO ENTER _MON i2 0
4 ( 0449) T 1= CLOCKTIME;
¢ 0419) 3% FPS VW L+10
¢ 011A) BAFD PS_AD G 1 -3
¢ 044C) A40300 COPY_STRUC 3
27 ( 044F) END;
¢ 044F) D3 EXIT _MON
53: ( 0420)
»4: ( 04200 REGIN
( 0420) C20A00 BEGIN_MON io 0
55: € 0423) WITH CLOCKTIME DO BEGIN HOUR:=0; MIN:=0; SEC:=0; END;
1423) BAFD PS _AD G 4 -3
¢ 0425) B6FE PS VW _L_1§ -2
( 0427) AD COPY_ZEROD
( 0428) 96FEOY PS_VW_L 4§ _FD -2 i
¢ 042B) A0 COPY _ZERO
( 012C) 96FEO02 PS_VW L § FD -2 2
( 042F) AD COPY_ZERO
( 0430) FEQ2 POP 2
56: ( 0432) END; ,
( 0432) D2 END_MON
67: ¢ 0433)
68: ( 0433) (#4544 44544452448
69: ¢ 0433 & CLOCKPULSE «:
701 ¢ 0433) #E2%458&43844%488)
74: ¢ 0433)
723 ¢ 0433) TYPE CLOCKPULSE = DEVICE_MON (SELECTOR: INT);
73: ( 0433)
74: ( 0433) PROCEDURE ENTRY TICK;
75: ¢ 0433) REGIN
¢ 0433) C30A00 ENTER _MON i0 0
76: ¢ 0136) DOIO;
( (136) DA pOIO
771 ¢ 0437) OUT(#00, CLOCK_WORD);
¢ 0137) 00 CONSTANT 0
¢ 0438) 940208 PS_CONST 2 2050
013R)_B7 ouT
78: ¢ 0430C) END;
¢ 043C) D3 EXIT _MON
79: ¢ 043D)
B0: ¢ 043D) REGIN
( 043D) C20A00 BEGIN_MON i0 0
Bi: ( 0440) { SET UP TO START THE CLOCK 3
Py ¢ _0440) END;




- REVERER

00EE) BAFF PS_AD G 4 !

(
¢ 00C0) 940204 PS CONST 2 258
¢ 'oficd) re INN
( 00C4) A3 COPY RYTE
3: ( 00CS) THROWAWAY : =TNN(DATA_ WORD)
( 00CS) BAFF PS_AD_G_14 ~1
¢ "OC7) 9402014 PS_CONST_2 258
v ,0CA) R& INN
( 00CR) A3 COPY_RYTE
4: ( 00CCY END;
¢ ooccy p2 END _MON
S: ( 00CD)
6: ( 00CD)  CHEFERESER4404044404
7: ¢ 00CD) # CLOCK_MONITOR 2
B: ( O00CD) 33344534428 804888)
9:  00CD)
0: € 00CD) TYPE CLOCK_MONITOR = MONITOR (TERM_OUT: UART_WRITE);
4t C ooCD) VAR CLOCKTIME: TIME;
2: C 00CD)Y
Z: ( 00CD) PROCEDURE ENTRY TICK;
4: ¢ 00CD) REGIN
¢ 00CD) C30A00 ENTER MON i0 0
St ( 00D0) WITH CLOCKTIME DO
¢ 00DD) BAFD PS_AD G 4 -3
b C 00D2) BEGIN
73 ( 00D2) INC(SEC) ;
( 00D2) 96FEDR PS VW L_4_FD -2 ?
¢ 00DS) 9F INC_BYTE
8: ( 00D&) IF SEC=60 THEN
( 00D6) P6FEOD2 PS_VW L 1 FD -2 2
¢ 00D9) 914 PS_INDE
/ 00DA) 9A3C PS_CONST_ 14 60
J0DC) EE EQ_WORD
( 00DD) 4C2E FALSEJUMP 43
9: C 0ODF) BEGIN
40: ¢ 0ODF) SEC:=0; INC(MIN);
( 00DF) 9&FE02 PS VW _L._4 FD -2 2
( DOE2) AD COPY_ZERD
( 00E3) 96FE04 PS_ VW L_41_FD -2 i
( 00E&) 9F INC_BYTE
1: ¢ 00E7) IF MIN=40 THEN
( 00E7) 96FE01 PS_VW L 4_FD -2 {
¢ 00EA) 914 PS_INDE .
( 00ER) 9A3C PS_CONST_ 4 60
( 00ED) EE EQ_WORD
( 00EE) 4CiA FALSEJUMP 26
21 ¢ 00FO) BEGTN
43: ¢ 00F0) MIN:=0; INC(HOUR);
¢ 00F0) 96FE04 PS_ VW _L._{ FD -2 i
¢ 0O0F3) AD COPY_ZERO
( 00F4) B6FE PS VW L 4 -2
¢ 00F6) 9F INC_RYTE
4: ( 00F7) IF HOUR=24 THEN
( 00F7) B&FE PS_VW_ L 4 -2
¢ 00F9) 94 PS_INDR
( 0O0FA) 48 CONSTANT 24
/ Q00FR) EE EQ_WORD
JOFC) acoc FALSE JUMP 12
15 ( O0OFE) BEGIN
46: ¢ O00FE) HOUR: =0}
( 00FE) B6FE PS VW L 14 -2
¢ 0400) AD COPY_ZERO
17: ¢ 0104) TERM_OUT.WRITE(?IT IS A NEW DAY(:0:)’, NEWLINE);
( 0404) S¢ FPS_VW G+06
¢ 0402) ResCON0 PGS AD TN 2 o8
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007D)
007E)D
00800
00815
1083)
0084)
n08%)
085)
008s)
0086)
0n87)
008A)
008k)
008C)H
no8e)
008D)
108E)
6o8F)
0094)
0094)
00%74)
1o92)
0093)
0094)
009%)
0097)
6098)
0099)
0099)
009A)
009K)
009R)
JO9R)
009D)
00%E)
009F)
00A0)
00AL)
00AZ)
00A3)
00A3)
00A4)
00AS)
00A6)
00AB)
00A8)
NoAB)
00A%)
00AA)
00AD)
0oAD)
00AD)
00AE)
CoAF)
00R0)
0OR2)
00R2)
0OR3)
0DR6)
00E7)
00EBA)
00BA)
00BR)
0O0ERB)
MORR)

94 PS_ INDR
?A4A PS_CONST _ 1 74
FO LS_WORD
4C073 FALSEJUMP 3
314 FPS VW L+10
9F INC_RYTE
DOIO;
DA DPOIO
LASTCHAR := CHRCINN(DATA WORD));
6F FPS_AD L-0%
240204 PS_CONST_ 2 258
R6& INN
A3 COPY_ _RYTE
IF LASTCHAR=ES THEN
2F FPS VB L-04
08 CONSTANT 8
EE EQ_WORD
ACOD FALSEJUMP 13
BREGIN
IF LENGTH >= 2 THEN DEC(LENGTH);
34 FPS_ VW _1L.+40
?1 PS_INDEK |
02 CONSTANT 2
Fa4 NL_WORD :
AC03 FALSEJUMP 3
34 FPS VW 1.+10
2D DEC_BRYTE
DECC(LENGTH)
34 FPS_VW L+40
?D DEC _BRYTE
END
ELSE MESSAGEILENGTHI := LASTCHAR;
4407 JuMp 7
32 FPS_VUW_L+42
31 FPS_VW L.+40
?1 PS_INDE
A7 INDEX_ 11
2F FPS_VER L-04
AZ COPY_ _RYTE
IF LASTCHAR <> CR THEN
2F FPS VR L-04
oD CONSTANT 4
Fé NE_WORD
4C06 FALSEJUMP )
BEGIN
TERM_OUT .ECHO(LASTCHAR) ;
52 FPS_VUW G+08
2F FPS_VR_L-01
CFACFF CALL _ROUTINE -84
END;
UNTIL (LASTCHAR = CR);
2F FPS VE IL-04
oD CONSTANT 43
EE EQ_WORD
ABCKE FALSEJUMP -53
TERM _OUT . WRITE(NUL2, NEWLINE);
Se FPS_VUW G+08
891A00 PS _AD_CN_2 26
Di CONSTANT i
CFARFF CalL_ROUTINE -18141
END;
D3 EXIT _MON
REGIN
c20a00 EEGIN MON 40

{(GET A CHARACTERY
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0041)
0042)
db4aa)
0044)
004&)
0049)
004A)
JOAR)
004K)
004D)
0050)

- 0054

nosiH)
0052)
005%)
01056)
0057)
0057)
0058)
0058)
0058)
0058)
0058)
00SE)
0OSE)
005D)
0060)
0061)
0064)
6062)
0065)
0066)
J066)
0068)
006R)
006C)
006C)
006D)
006D)
006D)
0070)
0070)
0072)
007%)
0076)
0076)
0077)
0077)
0077)
0077)
0077)
0077)
0077)
0077)
0077)
0077)
6077)
0077)
0077)
0077)
0074
0074)
007R)
007C)
oe7C)H

EE

EQ_WORD
AC08 FALSE JUMP 8
KEGIN OUT(ORD(’)?), DATA_WORD); DOIO; END;
9AZE PS CONST 4 62
940204 PS CONST 2 258
E7 ouT
DA DOIO
OUT(#3D, CTRL._WORD); C(TRANSMIT INHIKIT OTHERWISE SAME AS AROVE)
PAZD PS CONST 4 64
940304 PS CONST 2 259
R7 ouT
THROWAWAY := INNCCTRL WORD):
6D FPS_AD L-03
940304 PS CONST 2 259
k& INN
A2 COPY_ WORD
FND;
D3 EXIT MON
PROCEDURE ENTRY ECHD(CHRS:CHAR);
REGIN
C30C00 ENTER MON §p 0
OUT(#ED, CTRL_WORD);
9ARD PS_CONST 14 189
940304 PS CONST 2 259
R7 ouT
OUT(ORD(CHRS), DATA WORD);
39 FPS_ VW L+40
940204 PS_CONST 2 258
B7 out
OUT(#3D, CTRL_WORD);
9A3D PS_CONST 4 64
940304 PS CONST 2 259
E7 ouT
F.ND;
D3 EXIT_MON
BEGIN
C20A00 BEGIN MON 50 0
OUT (#3D,. CTRL_WORD);
9A3D PS_CONST 4 64
940304 PS CONST 2 259
R7 ouT
END;
D2 END_MON
CHES3EE2202243 '
¢ UART_READ #
$E232423322348)
TYPE UART_READ = DEVICE_MON (TERM_OUT: UART_WRITE;
SELECTOR: INT);
VAR THROWAWAY: INT;
PROCEDURE ENTRY READ( VAR MESSAGE: LINE; UAR LENGTH: INT);
VAR LASTCHAR: CHAR;
REGIN
C30E04 ENTER _MON 14 {
LENGTH:=0;
34 FPS_UW L+10
AD COPY_ZERD
REPEAT
TF | FNRTHIL INEFLFENCTH THEN TN OLENCTWY @
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06004)
,00,04)
0004)
0004)
0004)
0004)
004)
$007)
0007)
0008)
0009)
0009)
ROO0E)
000E)
000F)
6OOF)
0040)
0010)
004%)
0042)
0043)
0014)
0015)
0016)
0017)
0049)
004A)
004R)
004D)
604D)
004D)
004E)
DOLF)
0020)
0024)
0024)
0025)
0025)
0026)
0026)
0027)
0028)
0028)
002A)
002A)
002K)
002C)
002D)
002E)
002F)
0030)
0034)
0033)
0033)
0034)
0037)
0038)
0039)
0039)
003A)
003D)
003E)
003F)
003F)

"o

TYPE UART MRITE = DEVItE MON ¢ -1 CTOR:
PROCEDURE ENTRY WRITE(MESSAGE: LINE; DISP: LINE _DISP);
VAR I: INT;
THROWAWAY: INTEGER;
REGIN
C30F03 ENTER MON 14 3
=13
&F FPS _AD L-04
Al COPY_ONE
OUT(#RD, CTRL _WORD) { XMIT REQ., INT. EN., 8 DATA,
ARD PS_CONST_ 4 189
2403014 PS _CONST_2 259
R7 ouT
DOIO;
DA DOIO
WHILE (MESSAGELI1 <> NUL) AND
32 FPS_VW L+42
2F FPS _VE L-04
A7 INDEX 114
94 PS_INDE
0o CONSTANT 0
Fé& NE WORD
2F FPS_VR _L~-01%
A4A PS _CONST_4 74
Fao LS _WORD
AD AND
ACOE FALSEJUMP 14
BEGIN
OUT(ORD(MESSAGELIT1) ,DATA_WORD);
32 FPS_VUW_L+12
2F FPS_VE_L-014
A7 INDEX 414
91 PS_INDEK
240204 PS_CONST 2 258
B?7 ouT
D010,
DA DOIO
INC(I)
&6F FPS_AD L-04
9F INC_BYTE
END
AZE7 JuMp -25
IF (DISP=PROMPT) OR (DISP=NEWLINE) THEN
31 FPS_VUW L+40
00 CONSTANT Q
EE EQ_WORD
34 FPS_VUW_L+40
D1 CONSTANT 1
EE EQ _WORD
AE OR
4C0D FALLSE JUMP 13
REGIN OUT(ORD(CR), DATA_WORD); DOIO;
oD CONSTANT 43
240204 PS_CONST_2 258
R? ouT
DA DOIO
OUT(ORD(LF), DATA_WORD); DDIO;
0A CONSTANT 40
240204 PS_CONST_2 258
k7 ouT
DA DOIO
END;
IF DISP=PROMPT THEN

e ] o Ll o 440

INT )Y,

(I<LINELENGTH) DO

2

{SEND A CHARACTERY

STOP, NO PA



