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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 comr:iunicate with each other. An mCP program requires a certain 
amount of organization in defining the structure of these software 
constructs. This underlying 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 perforrns 
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 assemoly 
language routines. 

The mCP program which must be interpreted will not execute as fast 
as an equivalent assemQly 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 schenié of mCP. The Enertec real 
time clock program, ERTC18, will be used in order to outline the 
steps taken by the kernel in servicing 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 

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 i ~t errupt to occur. 
The kernel will then fetch the next process on the ready queue and 
allo~ 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 roay be altereà 
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 sy~tem. 
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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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). 
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FIGURE 1. (b) 
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1. Interrupt occurs, currently running process (Proces s 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 is 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 senàing a prompt ( ">" ) 
to the terminal. The operator process is then preempteà on 
execution of a DOIO statement in the UART read device monitor, and 
the process then waits for the operator to enter a command on the 
terminal. 

At this point the only process which is running is the backgrounè 
process. Both clock and operator processes have been preempted anè 
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 anà the only 
process on the ready queue is the background process (see figure 
3 ). 
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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" 
t hrough 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 frorn being interrupted 
until the P-code was interpreted and executeà. This reduces the 
efficiency of interrupt handling. Although this problem cannot be 
di re ctly avoiàed, 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 transferreà imrnediately to 
the kernel's interrupt handling routines. The time taken by the 
kernel to handle interrupts from this state will be the minimum. 

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 DOIO 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 determineà. 

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

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



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. Frorn 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 proeess 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.(a) Kernel Steps in Handling Interrupts 
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Figure 4. (b ) Clock Interrupt Servicing 
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tbe present 1802 syste~ . 

Other probl c: .s will arise in r.ml tiple interruptinc applicé. tions . 
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ERTC 18 procra~ &lthouch the clock intcrrupt is r ecocnizeè 2nè reset 
in 3 . 55 r.iill iseconds, the kernel will only enable i nterrupts wbcr. 
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thé.t the CPU is tieà up for another 391 r;. icroseconds where i t cannot 
service ir:.terr.;;:;t:::. fro; .. ot.::er ~ources . Ft.:rthernore , the tiDc taker: 
to exit fro~ the device:: conitor that r esets the interruptir.~ device 
an<.'. swi ter. proccsse~ bad: to the nair: runnir.c, proces$ 1:ill redu ce 
the available ti~e to perfore backcround processinc (i . e . data 
r.:anipulation:.: , r<:.tL Of''.;rë.tiom: , etc . ) . 

FoP nn.nin:uL-processi1:[. cpplications like the I:RTC1C procré.r 1:lJcrc 
the frequency e.nè nuLlber of interrupts are low, then the pre3ent nCP 
interrupt hanèlin[ scheoc. is accept2ble. A clocl: interr~pt 

frec:uenc~' of' "" iinz. . ~10uld alloH enouc;h tir.:e botween interrupt 
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f;i_·her clocl: ir.terrupt frequencies , i1i th severa.l sourc.::s o:
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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 redùce 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 OUT instruction a saving of 2621 microseconds can be achieved. 
The total time taken to handle this interrupt, froffi the momerit the 
interrupt occurs to the time interrupts are enabled after exitting 
from the device monitor will be 5.424 ms compared to t he 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 a 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, yet 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. Sorne 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. 
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($LJST=LONG, DEBUG ON $} 

(tt~ttttttttt~ttttttttttttttt~tttttttttttttttt 

t- t 
t Micro Concurrent Pascal (MCP> ProqraM t 
t ENERTFC Real-T iMe for the 1802 t 
t 4/13/81 t 

* t 
t (c) Copyright j981 t 
t t 
t: EN ERTE C > I n c . :t 
t ~9 Jenl<ins Avenue t 
t Lansdale, Pa. :\.9446 :1 
f (215) 362-0966 t 
t f : 
tttlttttttttttttttttttttttttttttttttttttttttt} 

CONST CLOCK_GROUP = 8; 
CLOCK __ Fl...AG = i ; 
CLOCK _SELECTOR = 6; 
UART _GROUP = i; 
UART ___ RECV _FLAG = 4; 
UART _ RECV __ SFLECTOR = 4 ; 
UART_XMIT __ FLAG = 2 ; 
UART __ XMI T ·- SE LEC TOR = 3; 
INTTBL . . TERMINATOR ::: -1; 

STRUC __ CON J.NTTBL: AR RAY r.1. , 10 J OF -i, , 8 = 
lCLOCK ___ GROUP, CL.OCK __ FLAG, CLOCK ___ SELECTOR, 

UART __ GROLIP, UART ... RECV __ FLAG, LIART .. _RECV __ SELECTDR, 
UART __ GROUP, UART .. XMIT __ Fl..AG, LIART ... XMTT .. SELECTOR, 
INTTBL ___ TERMINATORl; 

CONST DATA ___ WORD = AI>RCtOi02); 
CTRL __ WORD = ADRCt0103>; 
CLOCK ... WORD = ADR<t0802); 
l..J"NELENGTH = 74; 
NUL='<:O:»; BS=='<:B:>'; LF ::::' (:iO:>'; CR='Cd.3:»; 
~UL2==>(:0:>C:O:>>; 

TYPE TIME = RECORD 
HOUR : 0. , 24; 
HIN, SEC : 0 .. 60 

END; 
LINE _DISP =<PROMPT, NEWLINE> STAY>; 
LINE = ARRAYr1, .LINELENGTHl OF CHAR; 
INT =O .. 1.27; 

Ctttttttt:ttttttt 
t UAR T __ WR TTE :1: 
f.tt=U=tttttU::ft:tf.} 

TYPE UART _ WRITE - DEVICE __ MON CSELECTOR : INT>; 

PROCEDURE ENTRY WRITE<MESSAGE: LINE; DISP: LINE __ DISP> i 
VAR I: INT; 

THROWAWAY: INTEGER; 
I<EGIN 

I: =i; 
OUTCtBD, CTRL __ WORD) C XMIT REQ., INT. EN., 8 DATA, 2 STOP, NO PARIT' 
DOIO; 
WH ILE <MESSAGE r I J < > NUL> AND < J. <LI NELENGTH) DO 
BEGJN 



... . . .. .. ~ ... ,• 

I Nr (J >.i 
END ; 
IF CDISP =PROMPT> OR <DISP=NEWLINE> THEN 

BEG1N OUTCORU<CR> , DATA . WORD); DOIO; 
OUTCORDCLF>, DATA _WORD>; DOIO; 

END; 
tF DJSP=PROMPT THEN 
BEGIN pUT<ORD<'>') 1 DATA _WORD>; DOIO; END; 

OUT<t3D, CTRL . WORD>; CTRANSMIT INHJRIT OTHFRWISE SAMF AS ABOVEJ 
THROWAWAY : = JNN<CTRL . WORD>; 

END; 

PROCEDURE ENTRY ECHO<CHRS:CHAR>; 
BEGIN 

OUT<tBD, CTRL . WORD>; 
OUTCORDCCHRS>, DATA_WORD>; 
OUT<t3D, CTRL WORD>; 

END; 

BEGIN 
OUT<~3D, CTRL . WORD> ; 

END; 

c t tt tf. tt·ttf.:ft::tt t 
t UART_REAI> t 
:J:ft.Jtttttttt:ttt) 

TYPE. UART RE.AD ... DEVICE MON <TERM ... OUT: UART __ WRITE ; 
SELECTOR: J NT) ; 

VAR THROWAWAY: INT; 

PROCEDURE ENTRY READ< VAR MESSAGE: LINE; VAR LENGTH: INT>; 
VAR LASTCHAR: CHAR; 
BEGIN 

LENGTH:=O; 
REPEAT 

IF LENGTH<LINELENGTH THEN INC(LENGTH>; 
DOtO; 
LASTCHAR := CHR<INN<DATA _WORD>>; CGET A CHARACtERJ 
IF LASTCHAR=BS THEN 

BEGIN 
IF LENGTH >= 2 THEN DEC<LENGTH>; 
DEC<LENGTH>; 
END 

ELSE MESSAGElLENGTHl := LASTCHAR; 
IF LASTCHAR <> CR THEN 

BEGIN 
TERM _OUT.ECHOCLASTCHAR>; 
END; 

UNTIL <LASTCHAR =CR>; 
TERM OUT.WRITE<NUL2, NEWLtNE>; 

\~ND ; 

BEGIN 
THROWAWAY:=INN<DATA .. WORD>; 
THROWAWAY:=INN<DATA _WORD>; 

END; 

Ctttttt*ttttttttttt 
t CLOCK .. MONITOR t 
tttttttttttttttttt} 

'T" vnr Pl nrv "-'!nl-ITTno - Mnl-..ITTnP e Ti::-RM n11T ! llART WRITF.) \ 



~ROCEDl.IRE ENTRY TICKi 
BEGIN 
WITH CLOCKTIMF no 

BEGIN 
INC<SEC) i 
IF SEC=60 THEN 

BEGIN 
SEC:=Oi INC<MIN)i 
IF MIN=60 THEN 

BEGIN 

END 
ENDi 

ENDi 

MIN : ~~= 0 i 1 NC OWUR ) i 
IF HOllR=24 THEN 

BEGIN 

END 

HOUR:=O; 
TER M_OUT.WRITE<'IT ISA NEW DAYC:O:>', NEWLINE); 

END; 

PROCEDURE ENTRY SETTIMECT: TIME>; 
BEGIN 

CLOCl<TIME : =- Ti 
END; 

PROCEDURE ENTRY GETTIME<VAR T: TIME>; 
BEGIN 

T := CL.OCKTIME; 
END; 

BEGIN 
WITH CLOCKTIME no BEGIN HOUR: =O; MIN:=O; SEC:=O; END; 

END; 

{ tt:\l::P:tttt:ft=ttt:D:tt 
. t CLOCKPULSE t 
tt~=ttttf.:J:tttttt) 

TYPE CLOCKPULSE - DEVICE MON CSELECTOR: INT>; 

PROCEDURE ENTRY TICK; 
BEGIN 

1)010; 
OUTCtOO, CLOCK __ WORD>; 

END; 

BEGIN 
C SET LJP TO START THE Cl..OCK ) 

END; 

Ct~ttttttttttttttt 

t CLOCKPROCESS t 
ttttttttttttttttt} 

TYPE CLOCKPROCESS = PROCESS <PULSE: CL.OCKPULSE; 
CLOCK: CLOCK __ MONITOR>; 

BEGIN 
CYCLE CLOCK.TICK; PULSE.TICK; END; 

END; 

Cttt~ittttttttttttttt 
• nPF P TnRPRnr~~s 



' r TYPE nPrRATORPROCFSS = PROCESS < CLOCK: CLOCK .. MONITOR; 
TERM_ JN: UART .. READ; 
1"ERM _OUT: UART .. WRITE>; 

VAR BUFFER : l J NE ; 
LENGl H: JNT; 
T: TIME; 

FUNCTJON NUMBER<CHARACTER: CHAR>: INT; 
BEGJN NUMBER:=ORD<CHARACTER> - ORD<'O'>; END; 

FUNCTION ASCII<NUMBER: INT>: CHAR; 
BEGIN ASCII:=CHR<NUMBER + ORD<'O'>>; END; 

F.<EGIN 
CYCLE 

TERM . OUT.WRITECNUL2, PROMPT>; 
TERM _JN.READ<BLIFFER, LENGTH>; 
CASE BUFFERC1J OF 

'S' C:.\ ET TJME} : 
BEGIN 

WITH T DO 
BEGIN 
HOUR: = :?.3 i 
MIN :=SO; 
SEC : =1.0 i 
END; 

CLOCK . SETTJME<T>; 
END; 

'G' CGET TIME) : 
BEGIN 

CLOCK.GETTIME<T>;; 
WITH T DO 

BEGIN 
BUFFERlil:=ASCII<HOUR DIV 10>; BUFFERC?J:=ASCII<HOUR MOD 10> ; 
BUFFER C 3 l : = > : > ; 
BUFFERC4J:=ASCII<MIN DIV 10); BUFFERCSl:=ASCJJ<MIN MOD 10> ; 
BUFFER l 6 J : =' : > ; 
BUFFERl7l:=ASCII<SEC DIV 10>; BUFFERr8]:=ASCII<SEC MOD 10> ; 
BUFFERC9l:=NUL; 
END; 

TERM_OUT.WRITECBUFFER, NEWLINE>; 
END; 

< > : BEGIN END; 
END; 

END; 
END; 

{tttttttttttttttttttt 
t INITIAL PROCESS t 
tttttttttttttttttttt) 

VAR CLOCK: CLOCK _MONITOR; 
TICKTOCK: CLOCKPROCESS; 
PULSE: CLOCKPULSE· 
OPERATOR: OPERATORPROCESS; 
TERM _IN: UART . READ; 
TERM .. OUT: UART.WRITE; 

BEGIN 
!NIT TER M •.. OUT C UART ... XMIT .. SELECT OR) ; 
INIT CLOCKCTERH .. OUT>J 
INIT PULSE<CLOCK __ SELECTOR); 

{MONITOR) 
CPROCESS TO CYCLE CLOCKJ 
CDEVICE MONITOR FOR TIMER} 
CPROCESf.>) 
CDEVICE MON FOR TERMINAL) 
CDEVICE MON FOR TERMINAL) 

!NIT TERM. IN<TERM .. OUT, UART _RECV .. SEL.ECTOR>; 



If TJCKTOCK<PLILSE , Cl...OCK) _; ... ":" : : "· 

T OPERATOR < CLOCK, _TERM .. I N, TERM DUT) ; 

·~ .:~ · .. 

. ·· .. 



R (°'! 'C ONr:\_!P Rn~ T p .'.;CW,A\. 1J[R s ION 2 . 4 

C.('l P YR 1
1
\.;H

0

T nwrnFC ) 1 NC . \. AN~;DAL F ) PA '.l 979 

Rl..D\ . H 

ELENGTH: 
STLENGTH: 

1: 0004) 
2: 0004) 
3: (1004) 
4: ( 0004) 
S: < 0004) 
6: ( 00(14) 
7: ( 0004) 
8: ( 0004) 
9: ( 0004) 

10: ( 0004) 
U: < 0004) 
12: ( 0004) 
13 : ( 0004) 
14: ( 0(104) 
1S: < 0004) 
16: ( 0004) 
17: ( 0004) 
18: ' 0004) 
19: 0004) 
20: ( 0004) 
21: ( 0004) 
22: ( 0004) 
23: ( 0004) 
24: ( 0004) 
2S: < 0 0 0 4) 
26: ( 0004) 
27: ( 0004) 
28: ( 0004) 
29: ( 0004) 
30: ( 0004) 
31: ( 0004) 
32: ( 0004) 
33: ( 0004) 
34: ( 0004) 
3S: < 0004> 
36: ( 0004) 
37: ( 0004) 
3fl: ( 0004) 
39: ( 0004) 
40: ( 0004) 
41: ( 0004) 
42: ( 0004) 
43: ' 0004) 
44: 0004) 
45: ( 0004) 
46: ( 0004) 
47: ( 0004) 
48: ( 0004) 
49: ( 0004) 
SO: < 0004) 

643 
44 

PROGRAM l..JSlING 

CSLIST=LONG, DEBUG ON $} 

rtttttttttttttttttttt11t1t1ttttttttttltttttttt 
• t 
t Mi~ro Concurrent Pascal (MCP) ProqraM t 
t ENERTEC Real-TlMe for the 1802 t 
t 4/i3/81 41' 
t t 
t (c) Copyright 1981 t 
t t 
t ENFRTEC, Inc. t 
t '.\.9 .Ît!nkins Avt'nue t -
t Lansdalt:., Pa. 19446 4: 
t <215) 362-0966 t 
t t: 
tt••••••ttttttttttttttttttttttttttltttttttttt) 

CONST CLOCK _,GROUP = B; 
CLOCK _. FLAG = 1; 
CLOCK _SELECTOR = 6; 
IJART .... GROUP = 1 ; 
UART ... RECV ._ FLAG = 4; 
UART ... RECV ._ SELECTOR = 4; 
UART .. XMIT _FLAG = 2; 
UART XMIT _SELECTOR = 3; 
INTTBL _TERMINATOR = -1; 

STRUC CON INTTBL: ARRAYT1 .. 101 OF -1 .. B -
CCLOCK .. . GROl.JP, CLOCK .. FLAG, CLOCK .. SELECTOR 1 

UART ._ GROUP 1 UART ... R ECV _ FLAG, UART ... RECV ._ SELECTOR, 
UART _GROUP 1 UART XMIT_ .FLAG, UART _XMIT _.SELECTOR, 
JNTTBL ... TERMINATORJ; 

CONST DATA ... WORD = ADR<t0102); 
CTRL ... WORD = ADR<t0103>i 
CLOCK _WORD = ADR<t0802); 
LINELENGTH = 74 .> 
N LI L = ' < : O : > > ; F< S = ' < : 8 : > ' ; L. F = ' < : j , 0 : ) ' ; CR :::: ' < : i 3 : > ' ; 
NUL2=' < : 0 : ) < : 0 : ) ' ; 

TYPE TIME - RECORD 
HOUR : 0 .. 24) 
MIN, SFC : 0 .. 60 

END; 
LINE .. DISP =<PROMPT, NEWLINE, STAY>; 
LINE -· ARRAYC1 .. LINELENGTHJ OF CHAR; 
INT = 0 .. 127; 

{f.t:tttttttt:tt:tt• 
t UART_WRITE t 



) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

. ) 

n 
) ) 

") 

) 
1) 

) ) 

n 
•)) 

:- ) 

L ) 

~) 

.n 
~) 

~) 

1 • 

. END.; 
432E .. 1 

END.i 
D6 

JUMP 

END . PRO\.ESS 

{fttttttttttttttttttt 
t: "NJTIAL PROCESS ~ : 

·~ ?'ttttttttt•tttttt} 

VAR CLOCK: CLOCK_MONJTOR; 
TICKTOCK: CLOCKPROCESS; 
PULSE: CLOCKPULSE; 
OPERATOR: OPERATORPROCESS; 
TERM _TN: UART _READ; 
TERM ._ OUT: UART_WRITE; 

BEGIN 

·-? 10 

CMONITORl 
CPROCESS TO CYCLE CLOCKJ 
CDEVICE MONITOR FOR TIMER} 
CPROCESS} 
CDEVICE MON FOR TERMINAL) 
CDEVICE MON FOR TERMINAL) 

1NJT TER M .OUT<UART ._ XMIT .. SFLF.CTOR); 
8AF4 PS AD G 1 -12 ... 
03 CONSTANT 3 
C60000023iF E INIT MON 0 2 -463 .. 

INIT Cl.. OCK < TERM ... OUT) ; 
BAFE PS AD G j . -2 - .. . 
82F4 PS vw G '.\. -~2 ... .. 
C6030002DAFE INIT MON 3 ':> -294 ,_ 

·-
INIT PUl..SE<CLOCK ._SELECTOR); 

BAFA PS AD G 1 -6 
06 CONSTANT 6 
C6000002EEFE INIT MON 0 ':> ,_ -274 -· 

INIT TERM ... I N < TER M ·-0 UT , UART _RECV .. SELECTOR>; 
8AF6 PS AD G 1 -10 -· .. . - · 
8( ' PS vw G 1 -1? .... .. ... 
O•. CONSTANT 4 
C601000461.FE INIT MON 1. 4 - 41S .. 

JNIT TICKTOCK<PULSE, CLOCK >; 
BAFC PS AD G 1 -4 ... ·-· 
82FA PS vw G 1 -6 .. . .... -82FE PS vw G i. -2 ·- .. -
CB4i00000004D9FE INIT PROCESS 6S 0 4 -295 

JNIT OPFRATOR<CLOCK, TERM ... IN, TE:RM ... OUT) ; 
8AF8 PS AD G 1 - 8 ... ··-
82FE PS vw G 1 -2 .... . .. 
82F6 PS vw G i. -10 ... . .. 
B2F4 PS vw G i. -12 ... - .. . 
CB44004E0006E8FE. INIT PROCESS 68 78 6 -·280 

END. 
D6 END PROCESS 
CB2COOOCOOOOB3FF !NIT PROCESS 44 1. 2 0 -77 -
FC HALT 

LE: 
OO OO OO OO OO OO OO OO OO OO OO OO OO [ . 1 1 •• . . . . .. l 

0 OO 08 01 06 O:t. 04 04 01 02 03 FF OO OO 49 [ • t ••• . . . 1 ' ••• . I J 
0 49 S3 20 41 20 4E 4S 57 20 44 41 S9 OO r.T IS A NEW DAY. ] 

·OK 

:: . 
.. : : . 

: ... : : . t: •.. ~ :- . -. 
. · :: ... : : 

: : .. ~:: : :. : . 
..... 

' 

- ~~ ~::.='.>· :::.. . 
:-· 

; . ....... ·' 

... :;··:::. ·- . 

: 1 :: : : ; : : : '. ;-! : . .... : •. ~ 

. ~ t.: . . ':. 
· .. ;:. 

. •. · · . . · . . · 

. ~ .. 

,._ ·'·' ·. : .. ; ::-:· :· .. -; .. 



( t1 H j) fl 0 F UNC WURD .. 
( OH:?) 96FFOi P S vw l.. 1 FD -2 ... 
( , (11i( .. ) ) 91 PS TNDB 
( OiC6) OA CONSTANT 10 
( 0 i C7) EA DIV WORD .. 
( 01C8) CFRCFF CALI ... ROUTINE -1 i. b .. 
( OiCB) A3 COPY BYTE .. 

OiCC) 8AB6 PS AD G i -74 - ... .. . 
( OiCE.) os CONSTANT s 
( 01CF) A7 INDEX j_ t . . 
( 01.DO) BO FUNC WORD .. 
( OiTH) 96FE01 PS VvJ L 1 FD _':> ... 1 ... . .. .. 
( 01D4) 91 PS INDB .. 
( 01.DS) OA CONSTANT 10 
( 01D6) EC MOD 
( 01D7) CF7DFF CAU. ROUTINE -1.31 ·-
( 01DA> A3 COPY BYTE ... 

35: ( 01. DB) BUFFER [ 6] : = ' : ' ; 
( 01. DB) 8AB6 PS AD G 1 . ·-74 ... . . .. 
( 01.DD) 06 CONSTANT 6 
( 011)[) A7 INDEX 1 1 .. 
( 01DF) 9A~A PS CONST j_ SB - .. 
( 01.E i ) A3 COPY BYT E . .. 

36: ( 01 E2 > BU FFER[7J: =ASCII<SEC DIV 1 0) > BUFFERC8l:=ASCII<SEC MDD j 0 
( 01[2) 8AB6 PS AD G 1 - 74 .. . . ... 
( OH:4) 07 CONSTANT 7 
( OiES> A7 INDEX U . 
( 01E6) BO FUNC lJORD .•. 
( 01E7> 96FE02 PS vw L 1 FD -2 ') ,_ ... -· .. ... 
( 01.EA) 91 PS INDB .. 
( OiEB) OA CONSTANT 10 
( 01.EC) FA DIV WORD ... 

OiED> CF67FF CALL ROUTINE -153 .. . 
~ O iFO) A3 COPY BYTE .. 
( 01.F 1) 8AB6 PS AD G 1 -74 ... . . .... 
( O 1.F3) 08 CONSTANT 8 
( 01F4) A7 INDEX U . ... 
( OiF.S> BO FUNC WORD .. 
( 01F6) 96FE02 PS vw L. 1 FD _ ':) 

1 • . 2 
· ~· ... _ .. .•. 

( 01F9) 91 PS ... INDB 
( OiFA> OA CONSTANT 10 
( OiFB> EC MOD 
( 01FC> CFSRFF CALL ROUTINE -168 -· 
( 01.FF) A:.z; COPY BYTE 

37: ( 0200) BUFFERC93:;.NUL; 
( 0200) 8AB6 PS AD G j -74 ... ... . .. 
( 0202) 09 CONSTANT 9 
( 0203) A7 INDEX 11 .. 
( 0204) AO COPY ZERO ... 

38: ( 0205) END ; 
( 020S) FE02 POP 2 

39: ( 0207) TERM OUT . WRITE<BUFFER, NEWLINE>; 
( 0207) Sj. FPS VlJ G+06 ·- ·-
( 0208) BAF.<6 PS AD G 1. -74 -· .. .... 
( 020A) 01 CONSTANT 1 
( 020B> CFF7FD CAL.L ROUTINE -521 .... 

40: ( 020E> END; 
020E> 442? J UMP 34 

4 j_ : \ 0210) < > : BEGIN END; 
( 0210) 4420 JUMP 32 

4'=>· '- . ( 0212) END; 
( 0212) CE470C CASE JUMP 71 12 
( 0215) FAFF7AFFF6FFF4FF -6 -134 -10 -12 
( 021D) F2FFFOFFEEFFECFF -14 -i6 -18 -20 
( 0225) EAFFFBFFE6FFE4FF ·· ?2 -:?.4 -'26 -?8 . . ------ - - -



\ \ i ) / -'t ) t .1 . ·- .. _ 

( Oi 7 S) 449C JUMP 156 
7 ' ( Jl i177 , s > (SET TIME} 
) ' ( 0177) BEGIN J ' 

i: ( 0177) WITH T DO 
( (11 77) 8AB2 PS AD G i. -78 

0: ( 0179) BEGIN 
i: ( 179) HOUR:=23; 

( 1) i.79) 86FE PS vw L :t -2 -· ... ... 
( D j 7B) i.7 CONSTANT 23 
( 017C) A3 COPY BYTE -2! ( Oi7D) MIN :=SO; 
( 017D) 96FEO:l PS vw L 1 FD -2 1 -· ... ... ... 
( (1180) 9A32 PS CON ST 1 so ... ... 
( 0 :\.82) A3 COPY BYTE -· 

3: ( 0183) SEC :=10; 
( 0183) 96FE02 PS vw L. 1 FD _".) r.) 

t .•. <. .. .. . ... ... 
( 0186) OA CONSTANT 10 
( 0~87) A3 COPY BYTE ... 

·4: ( () 188) END; 
( D 188) FE02 POP 2 

>S: ( 018A) CLOCK.SETTIME<T>; 
( (li.BA) S3 FPS vw G+10 .. _ 

( 01.BB> BAB? PS AD G j_ -78 -· ... ... 
( 0 i. BD) CF7DFF CAl...L RO\ITINE -i3i ... 

~b: ( 0190) END; 
( 0190) 44AO JUMP 160 

?. 7: ( 0192) 'G' CGET TIME) 
?. 8: ( 0192) BEGIN 
~9: ( 0192) CLOCK.GETTIME<T>;; 

( 0192) S3 FPS vw G+10 
( 0193) 8AB2 PS AD G l -78 .. . 

019S> CF7FFF CAL.L ROUTINE -129 ... 
30: ' 0198) WITH T DO 

( 0198) 8AB2 PS AD G 1 -78 ·-· 
31. : ( 019A) BEGIN 
32! ( 019A) BUFFERCi}:=ASCIICHOUR DIV 10) ~ BLIFFERC2l :=ASCIICHOUR MOD j 

( 019A> 8AB6 PS AD G 1. -74 .. ... ·-
( 01.9C> 01 CONSTANT 1 
( 019D> A7 INDEX U . -· 
( 019E> BO FUNC WORD ·-
( 019F> 86FE PS vw L 1 -2 -· ... ... 
( 01.A1> 91 PS INDB 
( 01A2> OA CONSTANT 10 
( OiA3> EA DIV WORD 
( 01A4> CFBOFF CALL ROUTINE -80 ·-( 01A7) A3 COPY BYTE ... 
( 01A8) BAB6 PS AD G i -74 ... . ..... 
( OiAA) 02 CONSTANT 2 
( OiAB) A7 INDEX 11 ·-
( OiAC> BO FUNC WORD ... 
( 01AD> B6FE PS vw L. 1 -2 ... ·-
( 01AF) 91 PS INDB ... 
( OiBO) OA CONSTANT 10 
( 01B1> EC MOD 
( 01B2) CFA2FF CALL ROUTINE ·-94 ·-( 0 i.BS) A3 COPY BYTE 

~33: 01B6> BUFFERC3l:=':'; 
\ 01B6> 8AB6 PS AD G 1 -74 ·- ... -. 

01B8> 03 CONSTANT 3 
( OH<9) A7 INDEX 11 
( Cl1BA) 9A3A PS CON ST i SS ... ... 
( OiBC) A3 COPY BYTE ... 

234: ( OiBD> BUFFERC4l:=ASCII<MIN DIV 10) ' BUFFERCSl:=ASCII<MIN MOD 1 
( 01BD> BAB6 PS AD G i -74 ... 

- ~ ..,._ r-'" l'I .. n l,lc NT 



-1 3' 
,4:. 
l ~>: 
((i: 

~7: 
~8: 
-!9: 
'0: 

( 0:\. 41) 

< (1 X4U 
( . 0114 '.'!. ) 

( 01.4i) 
( 0141) 
( 0141) 
< 014U 

l 141) 
( 0141) 

{ftf.ttttttttt~tttt 

t CLOCKPROCESS t 
tttttttttttttttttJ 

TYPF CLOCKPROCESS = PROCESS CPULSF: CLOCKPULSE; 
CLOCK: CLOCK _. MONITOR>; 

12: ( 01.41) 
( 0141) 

BEGIN 
CYCLE 

Si 
CF89FF 

CLOCK.TICI<; PUL~:>E.TICK; END; 
FPS_ VW _. G+06 
CALL ROUTINE 
FPS ... vw ... G+08 
CAU . .,_ ROUTINE 

( 

( 

( 

( JUMP 

-U.9 

-21 
-9 

'3: ( 

0:\.42) 
Oi4S> 52 
fi 1.46) 
0149) 
014B) 

CFEBFF 
43F7 

END; 
Dt:i 

14: 
>S: 
~ 6: 

17: 
;> 9: 
~ 9: 

·) 0 : 
•) i : 
•)2: 
•l3: 
) 4: 

< 014B) 
< Oi4C> 
< Oi4C) 
< 014C) 
< Oi4C) 
< Oi4C) 
< 014C) 
< 014C) 
< O :\. 4C) 
< O :\. 4C) 
< 014C) 
< 014C> 

END ... PR OCESS 

Cttttttittttttttttttt 
t OPERATORPROCESS t 
tttttttttttttttttttt} 

TYPE OPERATORPROCESS 

VAR BUFFER: LINE; 
LENGTH: I NT; 
T: TIME; 

= PROCESS ( CLOCK: CLOCK _MONITOR; 
TERM_ .IN: UART_READ; 
TERM_OUT: UART ._WRITE); 

•lS: < 0:\.4C) 
·16: < 0 :\. 4C) FUNCT ION NUMBER (CHAR ACTER : CHAR) : 1 NT; 
•l7: < 014C) BEGIN NUMBER:=ORD<CHARACTER) - ORD<'O'); END; 

< fl14C) CiOAOO ENTER 10 0 
l14F) 72 FPS_AD ._ L+12 

t 01SO> 31 FPS _VW _L+10 
< 0151) 9A30 PS CONST _1 48 
< OiS3> E6 SUB WORD 
< 0154> A2 COPY _WORD 
< 01SS> Di EXIT 

•)8: ( 0156) 
•)9: ( 0156) FUNCTION ASCIICNUMBER: INT>: CHAR; 
. 0: < 0156) BEGIN ASCII:=CHR<NUMBER + ORD<>O>)); END; 

< Oi56) CiOAOO ENTER 10 0 
< 01S9> 72 FPS._AD ... L+12 
< 01SA> 31 FPS VW L+iO 
< 01SB> 9A30 PS_CONST ,_ 1 48 
< 01SD> E4 ADD ._WORD 
C 01SE> A2 COPY _WORD 
< 01SF> D1 EXIT 

'1. '.\.: ( 0160) 
·l ;:>: < 0160) BEGIN 
•13: < 0160) CYCLE 
11.4: < 0160> TERM._OUT .WRITE<NUL2, PROMPT>; 

( 0160) Si FPS_vw ... G+06 
< 016:\.) 891AOO PS AD CN _2 26 
< 0164> OO CONSTANT 0 
< Oi6S) CF9DFE CALL ROUTINE -3SS 

15: c 0168) TERM ... IN.READCBUFFER, LENGTH>; 
0168> S2 FPS _VW ._G+08 

< 0169) 8AB6 PS ... AD .. G ... 1 -74 
< 016B> BABS PS ... AD ... G_i. -7S 
C 016D> CF08FF CALL_ROUTINE -248 

116: < 0170) CASE BUFFER [ 1J OF 
( 0170) BAB6 PS_AD_ .G_ .1 -74 
< 0172) 01 CONSTANT 1 
< 0173> A7 INDEX ti 



< 0 1 06) CFF CFE 
8: .( . Qf09) 

CALI. ... ROUTI NE -<: 6(J 

9 : ( ·0109') 
(1: ( 0109) ENI'> 
1 : < Oi09) END.; 

< 0109) FE02 
2: < OiOB) END; 

iOB) D3 
3: < OiOC> 

END 

POP 

EXIT MON 

4: ( OiOC) 
S: ( 010C) 

PROCEDURE ENTRY SETTIME<T: TIME>; 
BEGIN 

( 010C) C30COO ENTER .. MON 
;6: ( 010F) 

< flj OF) 
( 0111) 
( 01.12) 

CLOCt<TIME := T; 

)7: ( 0115) 

8AFD 
31 
A40300 

END; 
< 0115) D3 

)8 : ( 0 116) 

PS AD G 1. 
FPS VW L+10 
COPY ... STRUC 

EXIT .. MON 

2 

12 

-3 

3 

i9 : < ()U6) 
>0: ( 0116) 

< Cl U .6) 

PROCEDURE ENTRY GETTIME<VAR T: TIME>; 
BEGIN 

>i: ( 0119) 
< ClU.9) 
< 011A) 
< 011C) 

:>2: < Oi1F) 

C30COO 
T := 

31 
BAFD 
A40300 

END; 
< 011F) D3 

)3: ( 0120) 
:14: < 0120) BEGIN 

< Qj.20) C20AC\O 

ENTER ·- MON 
CLOCKTIME; 

FPS VW L.+10 
PS _ AD ... G. 1. 
COPY ... STRUC 

EXIT ... MON 

BEGIN .. MON 

12 

-3 
3 

:\. 0 

0 

0 

0 
'.> S: < 01.23) WITH CLOCKTIME DO BEGIN HOUR:=O; MIN:=O; SEC:=O; END; 

Ji.23) 8AFD 
( 0125) 86FE 
< 0127) A 0 
( 0128) 96FE01 
< 0 i. 2B) AO 
< 012C) 96FE02 
( 012F) A 0 
< 0130) FE02 

S6: < 0132) END; 
< 01.32> D2 

67: ( 0133) 
·68: ( 0133) 
69: ( 0133) 
70: ( 0133) 
71: ( 0133) 

Cttttttttttttttt 
t CLOCl<PULSE 4: 
ttttttttttttttt) 

PS ... AD .•. G ... 1 -3 
PS ... VW_L .. . 1 
COPY •.. ZERO 
PS __ vw L i . . FD 
COPY . ..ZERO 
PS_ VW .. L 1 ... FD 
COPY ___ ZERO 
POP 

END .. MON 

-2 

-2 

-2 

2 

i. 

2 

72: < 0133) TYPE CLOCKPULSE = DEVICE MON <SELECTOR: INT); 
73: ( 0133) 
74: ( 0133) 
75: ( 0133) 

PROCEDURE ENTRY TICK ; 
BEGIN 

( 0133) 
76: ( 0136) 

C30AOO 

< Cli.36) DA 
77: ( 0137) 

< 0137) OO 

DOIO; 

OUT<tOO, 

I 0138) 940208 
013B> J37 

.78: < 013C> 
< Oi3C> D3 

.79: < 013D) 

END; 

80: < 013D) BEGIN 

ENTER MON 

DOIO 
CLOCK_WORD >; 

CONSTANT 
PS CONST 2 
OUT 

EXIT MON 

< Oi3D> C20AOO BEGIN MON 

0 

. Bi : < 0140) { SET UP TO START THE CL.OCt< ) 
q? · < Cl 1 4JU_ __ F.ND i ____ _____ _ __ 

10 0 

2050 

iO 0 

---···--- - ---·· 



....... 
( OOBE> BAFF PS AD G i ·-i ... ·- ... . ( OOCO) 940201 PS CONST 2 258 ·-
( ·o ô'c3> B6 INN 
( OOC4> A3 COPY BYTE 

3 : ( OC1CS> THROWAWAY:=JNN<DATA .. WORD>; 
( OOC5) BAFF PS AD G i - ~-.. 
( "0C7) 940201 PS CON ST ':> ,_ 2S8 ... -·· 
' , OCA) F6 INN 
( OOCB> A3 COPY BYTE ... 

4: ( OOCC) END; 
( OOCC) D2 END MON .. 

S: ( OOCD) 
6: ( OOCD) Cttt~tttttttttttttt 
7: ( OOCD) t CLOCK MONITOR t ... 
8: ( 0 Cl CD) tttttttttttttttttt} 
.9: ( OOCD) 
0: ( OOCD) TYPE CLOCI< MONITOR = MONITOR <TERM OUT: UART __ WRITE>; ·-

1i ! ( OOCD> VAR CLOCKTIME: TIME; 
':>. 
'·· 1 

( OOCD) 
3: ( OOCD) PROCEDURE ENTRY TIC!<; 
,4: ( OOCD> BE:.GIN 

( flOCD> C30AOO ENT ER MON ~ 0 0 
.s: ( OODO) WITH CLOCKT I ME DO 

( (l ODO) 8AFD PS AD G .j -3 . -
16: ( OOD2> BEGIN 
17: ( fi 0 D2) INC<SEC) ; 

( OOD2> 96FE02 PS vw L i FD - '=> .... ':> 
1. -

( OODS> 9F INC BYTE -
8 : ( OOD6) IF SEC=60 THEN 

( OOD6) 96FE02 PS vw l. 1 FD -2 ':> ,_ - ·- ... .. 
( OOD9) 91. PS INDB -
( OODA> 9A3C PS CON ST 1 60 - ... 

.IODC> EE EQ WORD 
( OODD> 4C2B FALSEJUMP 43 

.9: ( OODF> BEGIN 
-+ 0: ( OODF) SEC:=O; INC<MIN>; 

( OODF> 96FE02 PS vw L i FD -2 2 .. ·-· -- .. 
( 0 OE?.) AO COPY ZERO - · 
( OOE3) 96FE01. PS vw L. i FD -2 1 -· 
( OOE6) 9F INC BYTE -

1: ( OOE7> IF MIN=60 THEN 
( OOE7) 96FE01 PS vw L 1 FD -2 1 - ..• .. - · 
( OOEA> 91. PS INDB -
( OOEB> 9A3C PS CON ST 1 60 
( OOED) EE EQ=WORD 

... 

( OOEE> 4C1A FALSEJUMP 26 
.+2: ( OOFO> BEGJN 
ll3: ( OOFO> MIN:=O; INC< HOUR); 

( OOFO) 96FE01. PS vw L. i . FD - 2 i .. 
( OOF3) AO COPY ZERO -
( OOF4> 86FE PS vw L i -'=> .... 
( OOF6) 9F INC BYTË ... 

44: ( OOF7> IF HOUR=24 THEN 
( OOF7) 86FE PS vw L j_ -2 - ... ... 
( OOF9) 91 PS INDB 
( OOFA> ~. 8 CONSTANT 24 
( OOFB> EE EQ ... WORD 

JOFC> 4COC FALSEJUHP 12 
1\5: ( OOFE> BEGIN 
46: ( OOFE> HOUR:=O ; 

( OOFE) 86FE PS vw L. i - '=> ,_ .•. .. -· 
( 0100) AO COPY ZERO .. . 

~7: ( 0101) TERM OUT.WRITE<'IT IS A NEW DAY<:O:>» NEWl...INE); 
( 0101) Si FPS vw G+06 .. 
( Oi02) R91r.nn P!; An r.N ? ? 8 



C1O7D) 91 PS INDB .. . ( O 07E > 9A4A PS CON ST :\. 74 -
( 'Ü l1'8 O'J FO LS WDRD 
( 0 OSU 4C03 FALSEJUMP 3 
( (1083) 3 1 FPS Vli.l L+iO ... 
( 0084) 9F INC BYTE -· 

5 : ( "08S) DOlO; 
( OBS) DA DOJO 

6: ( (l(186 ) LASTCHAR . -' - CHR<INN<DATA .. WORD) > > {GET A CHAR ACTER} 
( 0086) 6F FPS AD L.-01 
( 0(l87) 940201 PS CONST ':> ,_ 258 . -
( 008A) B6 INN 
( 008B) A3 COPY BYTE .. 

7: ( OOBC> IF LASTCHAR=BS THEN 
( C\08C) 2F FPS VB l..-01 
( OOBD) 08 CONSTANT 8 
( (l OSE) EF EQ_ WORD 
( 008F) 4COD FALSEJUMP ~3 

8: ( 0091) BEGIN 
9: ( 0091. ) IF LENGTH )-· - · ':> ,_ THEN DEC<LENGTH>> 

( 009:\.) 3 j_ FPS vw l...+10 ... .. 
( (1092) 91. PS INDB ·-· 
( 0093) 02 CONSTANT ':l 

t... 

( 0094) F4 NL WORD 
( 009S) 4C03 FALSEJUHP 3 
( (1097) 31. FPS vw I ... + 10 ... .. 
( 0098) 9D DEC BYTE 

0: ( 0099) DEC<l...ENGTH>; 
( 0099) 3i FPS vw L+10 ·-
( 009A) 9D DEC BYTE ... 

1: ( 009B) END 
':>' 
'- ' ( 009B> EL.SE MESSAGECLENGTHJ := LASTCHAR1 

l 09B) 4407 JUMP 7 
( 009D) 32 FPS vw L+12 -- ... 
( 009E) 31 FPS vw l..+10 -
( 009F) 91. PS INDB 
( OOAO) A7 INDEX 1 :1 .... 
( CIOAi> 2F FPS VB L-Oi .. 
( OOA2) A3 COPY BYTE ... 

1. 3: ( OOA3) IF LASTCHAR < ) CR THEN 
( OOA3) 2F FPS VB L.-01 
( OOA4) OD CONSTANT p· ... 
( ClOAS) F6 NE WORD -
( OOA6) 4C06 FALSEJUMP 6 

ri.4: ( OClA8) BEGIN 
1S: ( OOA8) TERH _. OUT.ECHOCLASTCHAR>> 

( CIOA8) 52 FPS vw G+08 -- ... 
( OOA9) 2F FPS VB L-01 - ··-
( OOAA> CFACFF CAU . ROUTINE -84 .. 

16: ( OOAD> END; 
·17: ( OOAD) UNTIL <LASTCHAR :::: CR) i 

( OOAD) 2F FPS VB L-01 - --
( OOAE) on CONSTANT 1.3 
( OOAF) EE EQ_.WORD 
( ClOBO) 4BCF< FALSEJLIMP -53 

18: ( OOB2> TERM._OUT.WRITE<NUL.2, NEWLINE) i 
( OOB2) 52 FPS vw G+OB - ... 

OOB3) 891.AOO PS AD CN ':> .... 26 ... ·- -
( OOB6) 01. CONSTANT 1 
( OOB7> CF4BFF CALL ROUTINE -i8i --19: ( OOBA) END; 
( OOBA) D3 EXIT MON ·-20: ( OOBB) 

21: ( OOBB> BEGIN 
( l'OBB C20A(l(l BFfcîN MON 1 0 fi 



< 0041. ) EE EQ _lJORD 
< 0~42> 4C08 FALSEJUMP 8 

13: ctlb44> BEGIN Ol.IT<ORD<»», DATA .J.JORD)) DOIO; END; 
( 0 0 44) 9A3E PS .. CONST .. 1 6:?. 
( 0046) 940201. PS CONST ... 2 2S8 
< 0049) B7 OUT 
' 004A) DA DOIO 

7 4: J04f<) OUT<f.3D, CTRl... .. _WORD>; CTRANSMIT INHIBIT OTHERWISE SAME AS ABOVE ) 
< 004B> 9A3D PS ._CONST ._1 61 
< 004D> 940301 PS ._ CONST _2 259 
< 0050> B7 OUT 

7S: <· OOSU THROWAWAY := INN<CTRL. ... WORD>; 
< 0051> 6D FPS_AD _L.-03 
< 0052> 940301 PS CONST _2 2S9 
< OOSS> B6 INN 
< 0056) A2 COPY .. WORD 

76: < 0057) FND; 
< OOS7> D3 EXIT _MON 

77: < OOS8) 
78: < OOS8) 
19: ( 0058) 
30: ( 0058) 

< OO S8) 
31: < OOSB> 

< OOSB> 
< OOSD> 
( 0060) 

32: ( 0061) 

PROCEDURE ENTRY ECHO<CHRS:CHAR>; 
BEGIN 

c~ocoo 

OUT<tBD, 
9ABD 
940301 
B7 

ENTER MON 
CTR L. ._ WOR D > ; 

PS .. CONST ... 1 
PS .. CONST 2 
OUT 

OUT<ORD<CHRS>, DATA _.WORD> ; 
( 0061) 31 
( 0062) 94020 :1. 

B7 

FPS .. vw __ L+iO 
PS CONST .. 2 

( 0065) 
33: ' 0066) 

J066) 
( 0068) 
( 0 06'E<) 

34: < 006C> 

OUT 
OUT<t3D, CTRL_WORD>; 

9A3D 
940301 
B7 

F.ND; 

PS ... CONST .. j_ 

P S ·--C 0 N ST .... 2 
OUT 

< 006C) D3 
3S: < 006D> 

EXiT _MON 

36: < 006D) 
< 006D) 

37: ( 0070) 
( 0070) 
( 0072) 
( 0075) 

38: ( 0076) 
( 0076) 

39: ( 0077) 
i>O: < 0077) 

BEGIN 
C20AOO BEGIN _. MON 

OUT< t3D, . CTRL _.WORD); 
9A3D PS._CONST _1 
940301 PS _CONST _2 
B7 OUT 

END.> 
D2 

Ct:tt:tt:ttttttttt 
t UART _READ t 

END ._ MON 

'\ ':> • 1 . .. 

1.89 
259 

2SB 

61. 
2S9 

~ 0 

61. 
2S9 

0 

0 

:;>1: ( 0077) 
?:?.: ( 0077) 
?3: ( 0077) 
i>4: ( 0077) 
»S: < 0077> 
?6: ( 0077) 

TYPE UART RE.AD = DEVICE MON CTE.RM __ OLJT: lJART _ .. WRITE; 
SELECTOR: INT >; 

n: < 0077> VAR THROWAWAY: !NT; 
:;>8: ( 0077) 
i> 9: ( 0077) 
JO: 0077) 
•):\.: ( 0077) 

( 0077) 
102: < 007A> 

PROCEDURE ENTRY 
VAR LASTCHAR: 
BEGIN 

C30E01 
LENGTH:=O; 

< 007A> 31 
( 0 07B) AO 

)3: < 007C) REPE AT 

READ( VAR MESSAGE: LINE; 
CHAR; 

ENTER MON 

FPS VW .L.+10 
COPY ... ZERO 

1.4 

VAR LENGTH: INT>; 

' 4: ( 007C> îF 1 FN r. TH<I T F I F"Nr.TH TH FN TN r n F N r.T l-l 'l. 



:1.; ( 000 4 ) TY :' F. l.ARl' WRI TE = DF 1,1J ·' M N 1 · I 1 CTOR: JNO, 
;4 ' ' ( ,0!\04.) 
.i:-): ( 00('14) 
)6: ( 0004) 
)7: ( 0004) 
)8: ( 0004) 

PROCEDURE ENTRY WRITE<MESSAGE: LINE; DISP: LINE._DJSP> ~ 
VAR I: I NT; 

) ':> ' .._ ' 

THROWAWAY: INTEGER; 
BEGIN 

/ '004) C30F03 ENTER MON ~4 3 
~ ll007) 
( 0007) 6F 
< 0008) A1. 
( 0009) 

I:=i; 

OUT<tBD, 
( 0009) 
< C100B) 
( OOOE) 

9ABD 
940301 
B7 

( OOOF) DOIO; 

FPS AD L-01 
COPY_ONE 

CTRL WORD> C XMIT 
PS _ CONST ... 1 
PS .. CONST ... 2 
OUT 

DOIO < OOOF) DA 
( 0010) 
( 0 0 i 0) 32 
< 0 0 i i) 2F 

WHILE <MESSAGECIJ <>NUL) 
FPS .. . VW L.+i2 

( 

( 

( 

( 

( 

( 

( 

( 

( 

0012) A7 
0013) 91. 
0014) OO 
0015) F6 
0016) 2F 
(1 0 i 7 ) 
0(1:\.9) 
OOiA) 
001B> 
00:\.D) 

9A4A 
FO 
AD 
4COE 

BEGIN 

F P S ·- V B .. L - 0 1 
INDEX .. t 1 
PS INDB 
CONSTANT 
NE WORD 
FPS VB L-01 
P S .. C 0 N ST _, 1 
LS ._ WORD 
AND 
FALSEJLJMP 

0 

REQ., !NT. EN., 8 DATA, 
:\. 89 
259 

AND <I<LINELENGTH) DO 

74 

2 STOP 1 NO PA 

S3 : < 
64: ( 

( 

0 O i D ) 
0O1 D > 32 

OUT<ORD<MESSAGEC I J > ,DATA _,,\JORD>; 
FPS ... vw_L.+12 

CSEND A CHARACTER) 

6S: 

66: 

68: 

69: 

70: 

OOiE) 
OOiF> 

2F 
A7 

FPS_.VB __ L-01. 
INDEX ... t 1 

( 0020) 
( 0021) 

91. 
940201 
B7 

PS_.INDF< 
PS_CONST .. 2 
OUT 

2S8 
( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

0024) 
0025) 
002S> DA 
0026) 
0 026) 6F 
0027) 9F 

DOIO; 

INC<I>; 
DOIO 

FPS ._ AD ... L-01 
INC_BYTE 

0028) 
0028) 43F7 
002A) 

END; 
JUMP -2S 

002A) 
002B) 
002C) 

31 
OO 
EE 
31 
01 
EE 
AE 
4COD 

IF <DISP=PROMPT) OR CDISP=NEWLINE> THEN 
FPS VW L.+10 

002D) 
002E> 
002F) 
0030) 
0031) 
0033) 
0033) OD 
0034) 
0037) 
0038) 

940201 
B7 
DA 

0039) 
0039) OA 

940201 
B7 

CONSTANT 0 
EQ_WORD 
FPS_ vw ... L+i 0 
CONSTANT 1 
EQ ... WORD 
OR 
FALSEJUMP 13 

BEGIN OUT<ORD<CR>, DATA _WORD>; DOIO; 
CONSTANT 13 
PS CONST _ .. 2 
OUT 
DOIO 

?SB 

OUT<ORD<LF>, DATA_WORD>; DOIO; 
CONSTANT 10 
PS_CONST .. 2 
OUT 

2SB < 003A) 
( 0030) 

003E) 
003F> 
003F> 

( 

71: ( 
72: ( 

DA DOIO 
END; 

IF DISP=PROMPT THFN 
t:DC 111,1 1 + i 0 


