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1. INTRODUCTION

This paper describes a simple real-time scheduler for
process control applications. The scheduler was designed so
that a small computer without a real-time operating system
could be used to control a small process or a part of a

process.

Discussions between Hilding Elmgvist, Leif Andersson and
myself eventually led to a simple but still powerful solution.
A top-down outline has been attempted to show the solution.
The scheduler has been used with success in a laboratory
course and this application is described in Andersson,

Astrém (1978).

2. PURPOSE AND DESIGN

The application that inspired this real-time scheduler was
a small process control system for educational use. The
computer in this system is an LSI-11. The hardware is de-

scribed in Andersson (1978).

The computer is expected to control a process and to communicate
with a human operator. This indicates a structure with two
interacting concurrent programs. The first program, here called
FG (ForeGround), should control the process and has to be run
periodically. The second program, here called BG (BackGround),

shouyld communicate with the operator and act at his request.

The execution time of FG can be regarded as short and it is
more important to control the process than to communicate
with the operator, so it is reasonable to design a foreground-
background, run-to-completion scheduler. This means that,
whenever FG wants to run, it is allowed to do so and BG has

to wait until FG has completed its execution.



In the implemented version of the scheduler it is assumed
that the computer is an LSI-11 and that FG and BG are written
in Pascal, but this suggested scheme will work with other

types of hardware and software as well.

Following the advice

"A creative programmer will try to use a particular
application as an inspiration to look for program
structures that can be used in a class of similar

applications.”

in Brinch Hansen (1977) the design problem is stated in

the following way:

Problemstatement: Design a foreground-background, run-to-

completion scheduler. It should

i) run two programs (FG and BG)
ii) run FG periodically with variable period time
iii) manage non-existing FG (it is assumed that BG never
exits)
iv) preempt BG if FG is to be run and let BG wait until

FG completes its execution.

If it is assumed that the variables have proper initial
values, the first sketch of the clock-interrupt-routine in

a pseudo-Pascal notation might look as follows:

procedure Clockinterrupt;
begin
if period <=0 then icnt:=1
else begin
icnt:=icnt-1;
if icnt=0 then begin
icnt:=period;
Savestatus;
Run(FG);
Restorestatus
end
end

end;

Algorithm 1 First Attempt



Period is a global variable, which contains the desired
number of clock interrupt intervals between two runs of FG.
The routines Savestatus and Restorestatus will be discussed

later. The routine Run(FG) starts up and executes FG.

Up to now the real time properties of Clockinterrupt have

not been discussed. Clockinterrupt is not an ordinary sequenti-
al procedure. If period is greater than one it is natural to
allow the execution of FG to take more than one clock interrupt
interval, but icnt must still be updated every clock interrupt.
Hence, the clock interrupt must be enabled during Run (FG) .

Now the procedure Clockinterrupt divides in a natural way

into three parts. Part I is up to Run(FG), part II is Run (FG)
and part III is the rest of the procedure.

The clock interrupt signal can of course arrive during the
execution of part III. As seen in Algorithm 1, part I and

IIT have common variables and conflict situations might arise.
A simple and reliable way to solve these possible conflicts

is to make part I and III indivisible. In the final version
it is done by disabling the interrupt. The time spent with
the interrupt off is very short, typically 10 - 20 machine

instructions.

What should happen if icnt=0 in the first part and FG is
active? In many real-time systems a request on an active
task is neglected, but in this application it is desirable
to remember requests. We have, however, decided that only
one request but no more is remembered. The request is stored

in the variable lag.



procedure Clockinterrupt;
begin
Disableinterrupt;
if perod <=0 then begin
icnt:=1;
lag:=0 end
else begin
icnt:=icnt-1;
if icnt=0 then begin
icnt:=period;
lag:=1;
if not active then begin
active:=true;
Savestatus;
repeat
lag:=0;
Enableinterrupt;
Run (FG) ;
Disableinterrupt
until lag=0;
active:=false;
Restorestatus
end
end
end;
Enableinterrupt

end;

Algorithm 2 The Final Version

The procedures Savestatus and Restorestatus are machine
dependent and in order to make the discussion simpler and
clearer they will be discussed further in the implementation
part. It will only be remarked here that it may be difficult
or impossible to implement Savestatus and Restorestatus if
FG and BG have common non-reentrant procedures. Further an
interface routine is needed to start up Clockinterrupt and

this is also discussed in the implementation part.



3. IMPLEMENTATION

This ehapter shows an implementation when the computer is

an LSI-11 and when FG and BG are written in Pascal and compiled
by the OMSI Pascal compilery. If routines common to both FG

and BG are reentrant and if it is possible to link assembly
code to FG and BG, it will probably be easy to implement the

scheduler on other computer systems.

The OMSI Pascal compiler allows external, global procedures

so it is possible to write the scheduler in assembly language.

As seen from Algorithm 2 and the specifications, Clockinterrupt
needs the address to FG and the value of period and it should
be possible to change the value of period. If FG is defined as
a procedure it is easy to implement Run(FG) and the procedure-
name FG can be passed as a parameter to Clockinterrupt. If
period is a global variable and if the address of period is
passed to Clockinterrupt it is easy to change period from FG

or BG.

Hence, declare period as a global variable of type integer
and FG as a global procedure. Declare a global, externaln

procedure Schedule in the following way:

procedure Schedule (procedure FG; var period: integer);

external;

Schedule starts up a periodic execution of FG and the period
time depends on the value of period. The Line Time Clock

(LTC) , when enabled, interrupts every 20 ms. This means that
the desired time between to executions of FG is 20* period ms.
Schedule is to be found in Appendix 1. The OMSI Pascal compiler
allows insertion of assembly code inline. It is possible to

reference the Pascal variables from the assembly code.



The implementation of Clockinterrupt is straightforward.

The Run(FG) call is very similar to an ordinary call of FG.
The main difference is that the Run(FG) 1is decided in time,
but an ordinary call of a procedure is decided by the place

in the code. But this difference does not matter. The important
issue is that FG is executed (as an ordinary procedure) until
it exits. BG has information only in the registers, on the
stack and in its variables. Bacause Pascal allows recursive
procedures, the compiler produces reentrant code and all
intermediate information is placed on the stack. Because FG
acts as an ordinary procedure, Savestatus has only to save the
registers and no more. SAVREG and RESREG are Pascal library

routines, which save and restore the registers.

An OMSI Pascal program stores the address to the global
variable area in $RESR5 and R5 (register 5) and this address
is used by FG too. But when a clockinterrupt is received, it
is not sure that R5 contains this address e.g. an external
assembler procedure can temporarily use R5 for an another
purpose, so the address of the global variable area must be

stored in R5 before calling FG.

Schedule initiates all local variables of Clockinterrupt
except for the variable active. Schedule can be called more
than once e.g. with different FG parameters and an old FG may
be active and it has to exit before a new FG is started up.
The very first value of active is set to false (0) as seen

from the declaration of active in Appendix 1.

Apart from the discussions above the code in Appendix 1 is

selfexplaining and this completes the implementation.

As mentioned in the introduction an application can be found

in Andersson, Astrdm (1978).
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