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Introduction

We have previously described a “pattern language” corgsisfinearly eighty components,
which will be referred to here as the “PTTES Coitatt (see Pont, 2001; Pont and Ong, in
press). This language is intended to support the develominestiible embedded systems:
the particular focus of the collection is on systenth & time triggered, co-operatively
scheduled (TTCS) system architecture.

In this paper, we present a new patternsseMBLY-LANGUAGE SCHEDULER — which
describes how to implement TTCS architectures usingd,smeinory-limited, microcontrollers
(such as 8051s, PICs, AVRs or similar devices).
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ASSEMBLY-LANGUAGE SCHEDULER

Context
* You are developing an embedded application using a microdenfar similar hardware).

» The microcontroller has very limited data memory amdecmemory.

Problem

How can you create a co-operative scheduler with mimmeanory and CPU requirements?

Background
There are two ways of viewing a (co-operative) schedule

» At one level, a scheduler can be viewed as a simplatpgisystem that allows tasks
(functions) to be called periodically, or - less comiyeron a one-shot basis.

» At alower level, a scheduler can be viewed as a simyé interrupt service routine that is
shared between many different tasks. As a result,cm@ytimer needs to be initialised, and
any change to the timing generally requires only onetium¢o be altered. Furthermore,
we can generally use the same scheduler whether weamegedcute 1, 10 or 100 different
tasks.

Using such a scheduler, we can co-ordinate the exeanmteraction of tasks in a highly
deterministic manner. By making the scheduler co-operétinat is, only one task as active at
any point in time), we simplify the desigand greatly reduce the potential for task conflicts.
Solution

We have previously described, in detail, how to credlexile scheduler using the C
programming language (se®©PERATIVESCHEDULER [Pont, 2001, p.255]). In the present
pattern, we describe how to create a similar schedigdery assembly language. By using
assembly language, we can significantly reduce the syst®mrce requirements.

In the examples, we will use code fragments taken fro@0&1-based system. However, the
techniques can be applied with virtually any microcotgrol

Key components
An assembly-language scheduler has the following key coempsin
1. The scheduler data structure.

2. An initialisation function.

3 Compared with an equivalent pre-emptive scheduler.

D7-2



3. A single interrupt service routine (ISR), used to updaestheduler at regular time
intervals.

4. A dispatcher function that causes tasks to be executexd they are due to run.

5. One or more tasks.

The links between these components during the programtexeare shown schematically in

Figure 1.

Timer>\‘

overflow

Initialisation

\

Schedule
ISR F-| data f-- Dispatcher :)
structure

Task(s)

Figure 1: Links between the different scheduler components during the pragmam

We consider each of these components in the se¢hianhfollow.

The scheduler data structure

To control a task we need to know three basic piecedavfnation:

1. The location of the task in program memory

2. The initial delay value (when should the task be runterfirst time?)

3. The Reload value (if the task is periodic, what is tierval between runs?)

The location of the tasks is given in the task liBhis is a ‘jump table’ (see Listing 1).

; *** This is where the scheduled tasks go list bel ow in order (1 to 8)
TASK_LIST:

ajmp TASK1 ;goto task 1

ajmp TASK2 ;goto task 2

ajmp TASK3 ;goto task 3

ajmp TASK4 ;goto task 4

ajmp TASKS5 ;goto task 5

ajmp TASK6 ;goto task 6

ajmp TASK7 ;goto task 7

ajmp TASKS ;goto task 8

SCH_NO_TASK_HERE:

;DO NOT MOVE OR RENAME THIS LINE
Listing 1 Task list (file: 8051SCH.ASM)
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Each task has its own delay and reload values whichraeeed directly by the programmer
into the appropriate task slot (Listing 2). These vatweghen copied at runtime into RAM

memory locations.

Scheduled Task Delay and Reload Values

cseg
SCH_Delay_Values:

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00
SCH_Reload_Values:

db 0x63

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00

db 0x00

An initialisation function

;delay value for task 1
;delay value for task 2
;delay value for task 3
;delay value for task 4
;delay value for task 5
;delay value for task 6
;delay value for task 7
;delay value for task 8

;reload value for task 1
;reload value for task 2
;reload value for task 3
;reload value for task 4
;reload value for task 5
;reload value for task 6
;reload value for task 7
;reload value for task 8

nnnnnnnnnn

nnnnnnnnnn

Listing 2 Delay and reload Values (file: TASK_PERIODS.INC)

As with most programs the system requires some isdiadin. In the case of assembly
language programs we are also required to initialise \v@atwd memory allocations.

Vectors

When an interrupt occurs the CPU finishes the instindhat it is currently processing and
jumps to an area of memory known as a vector. Thig®veontains a pointer to the relevant

ISR.

In this case we are considering only one vector, dirtkethe timer overflow. When the timer
reaches its maximum count and ‘overflows’, the ISRH_Update” is called.

; Vectors

CSEG AT
LIMP  MAIN
CSEG AT

Fhkkkkhkkkkhkhkkkkhkk

nnnnnnnnnnn

; absolute Segment at Address 0
; reset location (jump to start)

; interrupt vector

; *** There is only one interrupt in this program..

LIMP SCH_Update

CSEG AT

;timer has overflowed, so

“update scheduler

; after all interrupt vectors

;start of main program.

Listing 3 Interrupt vectors (file: VECTORS.INC)
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Memory Allocation

In assembly language the location of variables usednvitie program has to be specified
manually. This is done by allocating a name to a@ecif memory; this name can then be
referred to throughout the program (this is similar toaide initialisation in a high-level
language).

nnnnnnnnnn

Scheduler Memory Allocation

nnnnnnnnnn

START_OF_DATA_MEMORY EQU (00h)
START_OF_USER_MEMORY EQU (SCH_rloads + SCH_MAX_TAXS)
;scheduler status register

SCH_STATUS DATA (START_OF _DATA_MEMORY)
;temp register for Scheduler

SCH_temp DATA (START_OF_DATA_MEMORY + 01h)
;general temp register
temp DATA (START_OF_DATA_MEMORY + 02h)

; ***Scheduler variables

;Run flags for scheduled tasks

SCH_run_f DATA (START_OF_DATA_MEMORY + 04h)
;Run flag mask

SCH_run_mask DATA (START_OF_DATA_MEMORY + 05h)
;Current task index
SCH_index DATA (START_OF_DATA_MEMORY + 06h)
;Task Dispatcher run flag mask
SCH_dis_mask DATA (START_OF_DATA_MEMORY + 07h)
;Task Dispatcher task index

SCH_dis_index DATA (START_OF_DATA_MEMORY + 08h)
;Delay values for scheduled tasks
; put in ram comments to the size of the number of tasks -> SCH_MAX_TASKS

SCH_delays DATA (START_OF_DATA_MEMORY + 09h)
;Delay values for scheduled tasks
; put in ram comments to the size of the number of tasks -> SCH_MAX_TASKS

SCH_rloads DATA (SCH_delays + SCH_MAX_TASKS)

nnnnnnnnnn

Listing 4 Memory allocation (file: MEMORY_ALLOCATION.INC)

Deviceinitialisation

To ensure correct operation of the scheduler we hawditdise run time variables, prepare
the system timer and prepare any ports used for IO opesatil he initialisation of runtime
variables consists of copying the task delay and taskdetalues from non changeable ROM
to RAM. Listing 5, shows general configuration settirmysthe device.

initialise:
; *** General Initialisation
mov SP,#0x30 ; Set Stack Pointer
clr SWDT ; Clear Watchdog timer

Listing 5 Initialisation (file: 8051SCH.ASM)

Timer initialisation
The scheduler is driven by timer “ticks”. These ateriupts generated when a timer register

overflows. Listing 6 shows a possible timer init@lien using Timer 2 in an 8051 device.
With the timer reload values used here we have a 10 ol fEgtween interrupts.
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; *** |nitialise timer for scheduler (using TMR2)
mov  T2CON,#0x10
mov CCEN,#0x00

; *** The timer preload values
mov  TH2, #PRELOAD10H ; predefined values giving 10 ms tick
mov  CRCH, #PRELOAD10H
mov  TL2, #PRELOAD10L
mov  CRCL, #PRELOAD10L

; *** Enable Timer 2 interrupt, but not the externa | one.
setb ET2
setb EXEN2

Listing 6 Timer initialisation (file: 8051SCH.ASM)

In general, the initial task delays and reload valuestared directly in program memory
using assembler directives, suchilas If these memory locations are referenced usinbel &
simple routine to move these fixed values from code mgtaoRAM can be used. Listing 7
shows the routine used to copy the data code sectiogd{deh data structure) from ROM to
RAM.

; *** |nitialise scheduler variables

mov SCH_run_f#0x00 ;clear all run flags
mov SCH_index,#0 ;reset index counter
mov R1,#(SCH_rloads) ;get address of delay values
mov RO,#(SCH_delays) ;initialise indirect pointer
SCH_init_Ip:
mov DPTR,#SCH_Delay_Values ;get delay value for ta sk[index]
mov  A,SCH_index ;get task index value
movc A ,@A+DPTR
mov @RO,A ;store in array
inc RO
mov DPTR,#SCH_Reload_Values ;get reload value for task[index]
mov  A,SCH_index ;offset pointer by number of tas ks
movc A ,@A+DPTR ;get task index value
mov @R1,A ;store in array
inc R1

inc SCH_index
mov  A,SCH_index

; decrease index value, if not zero, loop
cjne A#SCH_MAX_TASKS,SCH_init_Ip

Listing 7 ROM to RAM copy (file: 8051SCH.ASM)
To conclude the initialisation, Timer 2 is started dmeldssociated interrupt is enabled (Listing
8).

; *** Enable interrupts and reset TMRO
setb T2I0 ; Set the timer running
setb EAL ; enable interrupts

Listing 8 Concluding the scheduler initialisation (file: 8051SCH.ASM)

An ISR

When the scheduler timer (discussed above) ‘overflale’scheduler interrupt service
routine (ISR) is executed. The first action takerh@n ISR is to clear the timer interrupt flag
and save any registers that will be altered withis tbutine (Listing 9); these registers will be
restored at the exit from the function.
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SCH_Update:

clr  TF2 ; clear TMR 2 interrupt flag

push ACC ; save registers that might be needed
push PSW

push 01h

push 00h

Listing 9 Performing a context save (file: 8051SCH.ASM)

Each of the possible tasks is then checked. A nondeday time is decreased by one, and the
update function then checks the next task. A zero delyresults in the delay time been re-
initialised with the associated reload value, and thdlagrfor that task is set (Listing 10).

; *** Setup loop counter and run flag mask

mov  SCH_run_mask,#00000001b ;init value for run f lag mask
mov SCH_index,#SCH_MAX_TASKS ; reset index value t o number of tasks
; in scheduler
mov  A#SCH_delays
mov RO,A ; get address of SCH_delays
mov  A#SCH_rloads ; get location of first reload ram
; location
mov R1,A
SCH_Update_Ip:
mov  A,SCH_run_mask ; get run flag mask
cjne @RO0,#0,SCH_Task_notready ; test delay time if not zero task not
; ready
; *** Current task is ready to be run, so set run f lag and reload delay
;  value
SCH_Task_ready:
orl SCH_run_fA ; set appropriate run flag
mov  A@R1 ; get value being pointed to
mov @RO,A ; store in delay value (task period)
AJMP  SCH_Update_Ip_end ;goto end of loop
SCH_Task_notready: ;task isn't ready to be run
dec @RO ;decrease delay value by one
SCH_Update_Ip_end:
inc RO ;increase pointer value by one
inc R1
mov  A,SCH_run_mask ;roll run mask one place to le ft
rl A
mov SCH_run_mask,A
djinz  SCH_index,SCH_Update _Ip ; decrease index valu e, not zero, so

; loop still tasks to look at

Listing 10 The core scheduler “update” code (file: 8051SCH.ASM)

Finally, the pre-ISR program context is restored, astegy resumes “normal” operation
(Listing 11).

pop 00h ; restore registers
pop 01h

pop PSW

pop ACC

reti ;return from interrupt

Listing 11 Restoring the pre-ISR context (file: 8051SCH.ASM)

A dispatch function

We have seen that a run flag is set for a given tabk fgerformed in theCH_Update
function. In this section we see how the flag is usegctivate the task that it relates to.
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Until an interrupt occurs and a run flag is set, the di$pfinction sits in an endless loop,
‘sleeping’ between timer ‘ticks’. When a run flag hagi set, checks are performed and the
associated task is called (Listing 12).

; *** This is the main task dispatcher process. If a task is ready to be run
then the dispatcher will run it and clear its run flag.

orl PCON,#0x01 ; Enter idle mode (#1)

orl PCON,#0x20 ; Enter idle mode (#2) goto sleep
mov A, SCH_run_f ; test run flags

jz SCH_Dispatch_Tasks ; no tick so loop

; initial value for mask, load dispatcher run flag mask
mov SCH_dis_mask,#00000001b

; get number of tasks in scheduler, load dispatcher task index
mov SCH_dis_index,#SCH_MAX_TASKS

SCH_Dispatch_Tasks_|Ip:

mov  A,SCH_dis_mask ; get run flag mask
anl A,SCH_run_f ; logical AND with run flags
; if result was zero, so no run flag there, go back to loop
jz SCH_Dispatch_Tasks_end
; *** Task needs to be run, so clear run flag and j ump to task
mov  A,SCH_dis_mask ;get inverse of run flag mask
cpl A
anl SCH_run_fA ;Clear appropriate run flag
mov DPTR,#TASK_LIST ; load start of task lists
mov  A#SCH_MAX_TASKS
subb A,SCH_dis_index ; add current task no
clr C ; Clear carry
rlc A ; multiply by two to get 'real’ code locat ion
jmp @A+DPTR ; jmp to task

Listing 12 A possible dispatch function (file: 8051SCH.ASM)

The tasks have been stored in a jump table, and thamelkask number is added to the base
address of this tabldASk_LIST). The resulting value is then stored in the programtesun
causing a ‘jump’ to the task (Listing 13).

; *** This is where the scheduled tasks go.
the list below in order (1 to 8)

TASK_LIST:
ajmp TASK1 ;goto task 1
ajmp TASK2 ;goto task 2
ajmp TASK3 ;goto task 3
ajmp TASK4 ;goto task 4
ajmp TASKS5 ;goto task 5
ajmp TASK6 ;goto task 6
ajmp TASK7 ;goto task 7
ajmp TASK8 ;goto task 8
SCH_NO_TASK_HERE: ;DO NOT MOVE OR RENAME THIS LINE

Listing 13 A possible implementation of the task list jump table 081SCH.ASM)

Having checked (and, if necessary, run) all possible t#s&svhole process starts again
(Listing 14).
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SCH_Dispatch_Tasks_end:

mov  A,SCH_dis_mask ; roll run flag mask one place left
clr C
rlc A
mov SCH_dis_mask,A
; decrease task index , if not zero more tasks to d o]
djnz  SCH_dis_index,SCH_Dispatch_Tasks_Ip
ajmp SCH_Dispatch_Tasks ; super loop!

Listing 14 A dispatch loop (file: 8051SCH.ASM)

Tasks

For demonstration purposes, we include a simple task th#ash an LED connected to an
external pin (50% duty cycle, 0.5 Hz).

nnnnnnnnnn

Function: LED_Flash

; Description: Flashes LED on port0 pinO on and off
; Pre: None
; Post: None
TASK1:
LED_Flash:
mov  A,LED_Status ;is led on?
jz LED_on ; ho got turn it on
clr LED_PORT ; turn off
mov  LED_Status,#00 ; set status
ajmp SCH_Dispatch_Tasks_end
LED_on:
setb LED_PORT ; turn LED on
mov LED_Status,#01 ; set status
ajmp SCH_Dispatch_Tasks_end ; Return from schedu led task

Listing 15 Flash LED Task (file: TASK1.ASM)

Reliability and safety implications

Many questions have been raised about the suitabilagsgmbly languadéor use in
applications which are safety-related or safety alifisee, for example, Cullyer et al., 1991;
Cooling, 2003).

It is undoubtedly the case that implementing — say — alaayg and complex air-traffic

control system entirely in assembly language would piiglvelt be sensible. However, in the
present pattern, we focus on systems implemented usingcmigrollers with very limited
memory. A consequence of this is that the code sig@mpared with many real-time and
embedded systems) very small. What is not clear éthvein — in such small systems, where the
code can be carefully and completely checked — theragaiicant safety implications

resulting from the use of assembly language vs. C. Fuwsthdies are required in order to
clarify this issue.

Hardware resource implications

Embedded systems implemented using assembly language geeepaillg significantly less
memory than those implemented in high-level languagesiluEtrate the likely savings in
memory when using this pattern, please consider thegesdwn in Table 1.

4 It should also be noted that C is rarely considerdsbtan ideal language for safety-critical systems.
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Microcontroller

M anufacturer

Size of assembly
compared to C
(ROM)

Size of assembly
compared to C
(RAM)

One Five

task tasks
16F877 Microchip 20% 39% 27%
AT90s2343 Atmel 26% 35% | 31%
C515C Infineon 32% 76% 46%

Table 1: A comparison of the memory requirements for schedulers iemgkaiin assembly language and C,
for a range of different microcontrollers (all figures are approximate).

In this table, the comparison is between an impleatemt of Co-operative scheduler (Pont,
2001, p.255), implemented in C, and the assembly-language screidebed in the present
pattern. Overall, these figures illustrate that ttsebly-language implementations require
around a third (or less) of the code memory than is medjin the C-language implementation.
Savings in code memory are more variable (in thie}abut are still substantial.

These memory savings (particularly code-memory redugttoausslate directly into reduced
costs. This is illustrated in Figure 2, which showsdbst per device for a family of 8051
microcontrollers. The only difference between theggocontrollers is the (code) memory
size.

Costs in Pounds Per 100 units

£10.00

£7.90
£8.00

£5.66
£6.00

ntroller Cost

()

£4.46
£3.82

£4.00

8K ROM 32K ROM 64K ROM

£2.00

£0.00

Processor

‘DPS?CSIRA 8K mP87C51RB 16K [(JP87C51RC 32K [JP87C51RD 64K ‘

Figure 2 Relating memory size to device costs

When considering the resource implications of this apgbré@ scheduling, please note that the
scheduler presented in this paper is divided into multiplecediles. This has been done
because, when compared with a single-source versiofinavihis version much easier to use.
Please bear in mind that this approach increase®tiememory requirements (when using a
single task) by 42 bytes (the increase is much lesstseguent tasks are added).

Portability

Assembly language is not a portable language, when comjwaagy high level language.
For example porting the scheduler code from a Microchip 16E8@Rn AVR 9052323
generally requires a complete rewrite.
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However within product families, manufacturers maintmmpatibility of instruction sets. For
example the 8051 or AVR allows quick porting of this schechdéween chips within the
same range. Similar observations are noted in ddhalies.

Related patterns and alternative solutions

CO-OPERATIVE SCHEDULER [Pont, 2001, p.255] describes a similar architecture, impitede
using the C programming language.

Overall strengths and weaknesses

From previous work we have the following strengths foo-@perative scheduler:

© The scheduler behaviour is highly predictable.

© The scheduler is much simpler than pre-emptive alteesativ

© The scheduler is an integral part of the developed applicati

Additionally for the assembly scheduler (compared witingiementation in “C”), we have
one key strength:

© By using this scheduler we can reduce costs, through thef asmicrocontroller with
less code memory.

General weaknesses of co-operative scheduling:

@ External events have to be polled, which may delgyorese times under some
circumstances.

@ Tasks that exceed the system tick interval can grdistlypt the system performance.

Specifically for the assembly scheduler:

@ Knowledge of the individual of microcontroller is requiiadbrder to write effective
code.

@ In the implementation presented here, a maximum of &igks that can be scheduled.

@ The assembly-language scheduler is not as straightfotwarse as the C-language
scheduler and some “hand crafting” is required.

Example: An 8051 assembly scheduler

We present a complete listing of an assembly-languagelsien for the 8051 microcontroller
in this section. It is targeted at an Infineon C515€rowontroller running at 10 MHz, and
produces a 1ms tick. An example “flashing LED” task ifuithed.

Please note that, as discussed in “Hardware resourdeatigis”, this scheduler is split

across multiple source files. This is intended to mhkeuse of the program more
straightforward. We can illustrate the use of thes®uwa files by outlining how we would
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add a simple “flashing LED” task to the scheduler:

* Create the ‘flashing LED’ task (TASK1.ASM, Listing 22)

* Modify the task’s delay and reload values as required (TAERI®DS.INC, Listing 21)
» Specify the port pin to be used (PORTS.INC, Listing 20)

* Modify the number of tasks and - if required - the schedineng
(TIMING.INC, Listing 17)

» Allocate memory for the task variables (file: MEMORALLOCATION.INC, Listing 18)

Description 8051 Assembler scheduler

*
Filename: 8051SCH.ASM *
Company: *
Version: Author: Date: Modification: *
1.0 S Key 09/12/02 Created *

1.1 S Key 30/05/03 separate files for easy of use  *
*
Kk k kR k kR kk ko kk kb kb kkokkakkkokokkokok * nnnnn
Files required: *
REG515C.H, TIMING.INC, MEMORY_ALLOCATION. INC, vectors.inc  *
; ports.inc, task_periods.inc, TASK1.ASM, task2.asm , task3.asm *
; task4.asm, task5.asm, task6.asm, task7.asm, task8 .asm *
. *
Sk ko k ko k ok ko dkd k. ekkkakkokkkkkokkok * nnnnn
; Notes: *
; Base scheduler for 8051 *
*

; THIS FILE DOES NOT REQUIRE MODIFICATION

*

’
ok *********************/
’

$NOMOD51 ; disable predefined 8051 registers
$INCLUDE (REG515C.H)

rkkkkhkkkkhkhkkkkhkhkhhkkhkhkkhkhrkhhkkrkhrhhkkdrkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

; Sample prescale and reload values

nnnnnnnnnnnn

$include (TIMING.INC)

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhhkkrkhrrhkkdrkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

Memory Allocation

nnnnnnnnnnnn

$include (MEMORY_ALLOCATION.INC)

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhhkkrkhrhhkkrrkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

; Vectors

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhhkkrkhrkhhkkrrkkrkxrxx  kkkkkkkkkkkkkkkkkkkkk

$inc|ude (vectors.inc)
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rkkkkhkkkkhkhkkkkhkhkkhkkhkhkkhkhkhkkhkhrhhkkrkkrkxrxx  kkkkkkkkkkkkkkkkkkkkk

Main Program

nnnnnnnnnnnn

MAIN:

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhrkhhkkhkhrhhkkdrkrrkxrkxx  kkkkkkkkkkkkkkkkkkkkk

Initialise Ports

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhhkkhkhrhhkkdkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

$inc|ude (ports.inc)

; ¥** |nitialise Ports
mov SP ,#0x30
clr SWDT

; *** |nitialise timer for scheduler (using TMR2)
mov  T2CON ,#0x10
mov CCEN ,#0x00

; *** The timer preload values.
mov  TH2 , #PRELOAD10H
mov  CRCH ,#PRELOAD10H
mov  TL2 , #PRELOAD10L
mov  CRCL ,#PRELOADI10L

; *** Enable Timer 2 interrupt, but not the externa | one.
setb ET2
setb EXEN2
; *** |nitialise scheduler variables
mov SCH_run_f#0x00 ;clear all run flags
mov SCH_index,#0 ;reset index counter
mov R1,#(SCH_rloads) ;get address of delay value S
mov RO,#(SCH_delays) ;initialise indirect pointe r
SCH_init_lIp:
mov DPTR,#SCH_Delay_Values ;get delay value for t ask[index]
mov  A,SCH_index ;get task index value
movc A,@A+DPTR
mov @RO,A ;store in array
inc RO
mov DPTR,#SCH_Reload_Values ;get reload value for task[index]
mov  A,SCH_index ;offset pointer by number of ta sks
movc A,@A+DPTR ;get task index value
mov @R1,A ;store in array
inc R1

inc SCH_index
mov A,SCH_index

cine A#SCH_MAX_TASKS,SCH_init_Ip ;decrease index value, if not zero,
loop
; *** Enable interrupts and reset TMRO

setb T2I0 ; Set the timer running

setb EAL ; enable interrupts

SCH_Dispatch_Tasks:

; *** This is the main task dispatcher process. If a task is ready to be run
then the dispatcher will run it and clear its run flag.
ORL PCON,#0x01 ; Enter idle mode (#1)
ORL PCON,#0x20 ; Enter idle mode (#2)
mov  A,SCH_run_f ; test run flags
jz SCH_Dispatch_Tasks ; no tick so loop
mov SCH_dis_mask,#00000001b ;init value for mask, load

dispatcher run flag mask

mov SCH_dis_index,#SCH_MAX_TASKS ;get number of ta sks in scheduler,
load dispatcher task index

SCH_Dispatch_Tasks_|Ip:

mov  A,SCH_dis_mask ; get run flag mask
anl A,SCH_run_f ; logical AND with run flags
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jz SCH_Dispatch_Tasks_end ; if result was zero, s o no run flag
there, go back to loop

; *** Task needs to be run, so clear run flag and j ump to task

mov  A,SCH_dis_mask ;get inverse of run flag mask

cpl A

anl SCH_run_fA ;Clear appropriate run flag

mov DPTR,#TASK_LIST ; load start of task lists

mov  A#SCH_MAX_TASKS

subb A,SCH_dis_index ; add current task no

clr C ; Clear carry

rlc A ; multiply by two to get 'real’' code locat ion

jmp @A+DPTR ; jmp to task
; *** This is where the scheduled tasks go list bel ow in order (1 to 8)
TASK_LIST:

ajmp TASK1 ;goto task 1

ajmp TASK2 ;goto task 2

ajmp TASK3 ;goto task 3

ajmp TASK4 ;goto task 4

ajmp TASKS5 ;goto task 5

ajmp TASK6 ;goto task 6

ajmp TASK7 ;goto task 7

ajmp TASK8 ;goto task 8

SCH_NO_TASK_HERE: ;DO NOT MOVE OR RENAME THIS LI NE
SCH_Dispatch_Tasks_end:

mov  A,SCH_dis_mask ;roll run flag mask one place left

clr C

rlc A

mov SCH_dis_mask,A

djnz SCH_dis_index,SCH_Dispatch_Tasks_Ip ; decreas e task index , if not

zero more task to do
ajmp SCH_Dispatch_Tasks ; super loop!

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhkkrkhrhhkkdkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

Scheduler Functions

rkkkkhkkkkhkhkkkkhkhkkhkkhkhkkhkhrkhhkkrkhrrhkkdrkkrxxrxx  kkkkkkkkkhkkkkkkkkkkk

rkkkkhkkkkhkhkkkkhkhkkhkkhkhkkhkhkhkkrkhrrhkkrrkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

Function: SCH_Update
; Description: Services TMR2 overflow interrupt and processes all tasks
; Pre: None
; Post: None
SCH_Update:
clr  TF2 ; clear TMR 2 interrupt flag
push ACC ; save registers that might be needed
push PSW
push 01h
push 00h
; *** Setup loop counter and run flag mask
mov  SCH_run_mask,#00000001b ;init value for run flag mask
mov SCH_index,#SCH_MAX_TASKS ; reset index value to number of

tasks in scheduler
mov  A#SCH_delays

mov RO,A ;get address of SCH_delays

mov  A#SCH_rloads ; get location of first reloa
ram location

mov R1,A
SCH_Update_Ip:

mov  A,SCH_run_mask ; get run flag mask

cjne @RO0,#0,SCH_Task_notready ; test delay time i f not zero task
not ready

D7-14



; *** Current task is ready to be run, so set run f lag and reload delay value
SCH_Task_ready:

orl SCH_run_f,A ; set appropriate run flag

mov  A@R1 ; get value being pointed to

mov @RO,A ; store in delay value (task period)

AJMP  SCH_Update_Ip_end ;goto end of loop
SCH_Task_notready: ;task isn't ready to be run

dec @RO ;decrease delay value by one
SCH_Update_Ip_end:

inc RO ;increase pointer value by one

inc R1

mov  A,SCH_run_mask ;roll run mask one place to le ft

rl A

mov SCH_run_mask,A

dinz  SCH_index,SCH_Update_Ip  ;decrease index value , hot zero, so loop
still tasks to look at

pop 00h ; restore registers

pop 01h

pop PSW

pop ACC

reti ;return from interrupt

ok *  kkkkkkkkkkkkkkkkkkkkk

; Task Name, Scheduled Task Delay and Reload Values

nnnnnnnnnnnn

$include (task_periods.inc)

; Scheduled Tasks

ok *  kkkkkkkkkkkkkkkkkkkkk

’
*

$include (TASK1.ASM)
$include (task2.asm)
$include (task3.asm)
$include (task4.asm)
$include (task5.asm)
$include (task6.asm)
$include (task7.asm)
$include (task8.asm)

end

+k *  kkkkkkkkkkkkkkkkkkkkk
’

; End of Program

* *  kkkkkkkkkkkkkkkkkkkkk

’
*

Listing 16 Assembly-language scheduler for the 8051 microcontroller, main prdfilexr8501SCH.ASM)

D7-15



nnnnnnnnnnnn

Description 8051 ¢515¢ Assembler scheduler

nnnnnnnnnnnn

*
Filename: TIMING.INC *
Company: *
Version: Author: Date: Modification: *
1.0 S Key 09/12/02 Created *

*

.k

1.1 S Key  30/05/03 separate files for easy of use  *
*
*
Files required: *
*
*
*
; Notes: *
; This section deals with the timing of the schedul er, As set the *
; tick is 1 ms vary these according to the settings below or work
; out your own. note some ACCURATE timings are not possible. *

* *********************/

; Sample prescale and reload values

T+ + + +
; | PRELOAD10h | PRELOAD10I | time generated |
+ + + +

' |OXBE  |OXE5  |~1ms @ 10 MHz |
+ +

T+ +

; | OxB1 | OXEO | Ims @ 12 MHz |

T+ + + +

SCH_MAX_TASKS equ (01h) ;Maximum number of tasks ( MIN = 1)
;MIN = 1, MAX = 7 (depends on task variables)

; Oscillator / resonator frequency (in Hz) e.g. (11 059200UL)

OSC_FREQequ  (10000000)
; Number of oscillations per instruction (6 or 12)
;OSC_PER_INST equ 6)

;PRELOAD10 equ (65536 - (OSC_FREQ / (OSC_PER_INST *100)))
;PRELOAD10H equ (PRELOAD10 / 256) ;0xd7

PRELOAD10H equ (Oxbe)

;PRELOAD10L equ (PRELOAD10 % 256) ; Oxd1

PRELOAD10L equ (Oxeb)

; End of File

Listing 17 Scheduler ‘tick’ definition (file: TIMING.INC)
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Description 8051 ¢515¢ Assembler scheduler

*
Filename: MEMORY_ALLOCATION.INC *
Company: *
Version: Author: Date: Modification: *
1.0 S Key 09/12/02 Created *

1.1 S Key  30/05/03 separate files for easy of use  *
*
*
Files required: *
*
*
*
; Notes: *
; This section deals with the allocation of memory to scheduler *
;and user variables. do not modify the scheduler va riables, *
;unless REALLY necessary. *

*

’

.k *********************/
’

; DO NOT MODIFY THIS SECTION

nnnnnnnnnnnn

Scheduler Memory Allocation

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhkkrkhrrhkkdrkkrkxrkxx  kkkkkkkkkkkkkkkkkkkkk

START_OF_DATA_ _MEMORY EQU (ooh)

START_OF_USER_MEMORY EQU (SCH_rloads + SCH_MAX_TAXS)
;:miscellaneous variables

SCH_STATUS DATA (START_OF DATA_MEMORY) ;schedule r status
register

SCH_temp DATA (START_OF_DATA_MEMORY + 01h) tempr egister for
Scheduler
temp DATA (START_OF_DATA_MEMORY + 02h) ;general t emp register

;Scheduler variables

SCH_run_f DATA (START_OF_DATA_MEMORY + 04h) ;Run f lags for
scheduled tasks
SCH_run_mask DATA (START_OF_DATA_MEMORY + 05h) ;Ru  nflag mask
SCH_index DATA (START_OF_DATA_MEMORY + 06h) ;Curre nt task index
SCH_dis_mask DATA (START_OF_DATA_MEMORY + 07h) ;Ta sk Dispatcher run
flag mask
SCH_dis_index DATA (START_OF_DATA_MEMORY + 08h) T ask Dispatcher
task index

;Delay values for scheduled tasks
; put in ram comments to the size of the number of tasks -> SCH_MAX_TASKS
SCH_delays DATA (START_OF_DATA_MEMORY + 09h)

;Delay values for scheduled tasks
; put in ram comments to the size of the number of tasks -> SCH_MAX_TASKS
SCH_rloads DATA (SCH_delays + SCH_MAX_TASKS)

; END OF DO NOT MODIFY

; user variables;
; define all user variables for start of user memor y

;Scheduled Task One Variables
LED_Status DATA (START_OF_USER_MEMORY) ;led status register

;Scheduled Task Two Variables
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; task_two_variableDATA (START_OF_USER_MEMORY +0 1h) ;example
;Scheduled Task Three Variables

;Scheduled Task Four Variables
;Scheduled Task Five Variables
;Scheduled Task Six Variables
;Scheduled Task Seven Variables

;Scheduled Task Eight Variables

rkkkkhkkkkhkhkkkkhkhkkhkkhkhkkhkhrkhkkhkhrrhkkdrkkrxrxx 0 kkkkkkkkkkkkkkkkkkkkk

' End of File

*  kkkkkkkkkkkkkkkkkkkkk

Listing 18 Memory and register allocation (file: MEMORY_ALLOCATIQR)

ok *  kkkkkkkkkkkkkkkkkkkkk

Description 8051 ¢515c¢ Assembler scheduler

.k *  kkkkkkkkkkkkkkkkkkkkk

*
Filename: vectors.inc *
Company: *
Version: Author: Date: Modification: *
1.0 S Key 09/12/02 Created *

1.1 S Key  30/05/03 separate files for easy of use  *
*
*
Files required: *
*
*
*
Notes: *
*
*
*
;n * *********************/
Vectors
CSEG AT 0x0000 ; reset
LIMP  MAIN ; reset location (jump to start)
CSEG AT 0x002b ; timer 2 overflow
; *** There is only one interrupt in this
program....
limp SCH_Update ;timer has overflowed, so update scheduler
CSEG AT 0x0043 ; after all interrupt vectors
;start of main program.
 End of File

Listing 19 8051 C515C Vector table (file: VECTORS.INC)
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rkk

Description

8051 c515¢ Assembler scheduler

rkk

Filename: ports.inc
Company:
Version: Author:
1.0 S Key
1.1 S Key

Date: Modification:

09/12/02 Created
30/05/03 separate files

rkk

Files required:

rkk

Notes:

; This section deals with the port settings. | find

; give the port a name such as LED_PORT. Then if yo
; different device you only need to change the port

; in this file

rkk

; *** |nitialise Ports

LED_PORT equ

(P0.0)

' End of File

*%

Fkkkkhkhkkkkhkhkkkkhkk
*
*
*
Fkkkkhkhkkkkhkhkkkkhkk
*

*

*

*

for easy of use  *
*

Fkkkkhkhkkkkhkhkkkkhkk
*
*
*
*
Fhkkkkhkhkkkkhkhkkkkhkk
*
*

it easier to
u portto a *

description *
*

*
*********************/

Fhkkkkhkhkkkkhkhkkkkhkk

Fhkkkkhkhkkkkhkhkkhkhkk

Listing 20 Port definition file (file: PORTS.INC)
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Description 8051 ¢515¢ Assembler scheduler

*
Filename: task_periods.inc *
Company: *
Version: Author: Date: Modification: *
1.0 S Key 09/12/02 Created *

1.1 S Key  30/05/03 separate files for easy of use  *
*
*
Files required: *
*
*
*
; Notes: *
; This section deals with the periods of all the ta sk, enter the *
; start delay and interval between the repeat of th e tasks below *
. *
;n * *********************/

* *  kkkkkkkkkkkkkkkkkkkkk

Scheduled Task Delay and Reload Values

nnnnnnnnnnnn

cseg

SCH_Delay_Values:
db 0x00 ;delay value for task 1
db 0x00 ;delay value for task 2
db 0x00 ;delay value for task 3
db 0x00 ;delay value for task 4
db 0x00 ;delay value for task 5
db 0x00 ;delay value for task 6
db 0x00 ;delay value for task 7
db 0x00 ;delay value for task 8

SCH_Reload_Values:

db 0x31 ;reload value for task 1
db 0x00 ;reload value for task 2
db 0x00 ;reload value for task 3
db 0x00 ;reload value for task 4
db 0x00 ;reload value for task 5
db 0x00 ;reload value for task 6
db 0x00 ;reload value for task 7
db 0x00 ;reload value for task 8
; End of File

Listing 21 Scheduler task period definitions (file: TASK_PERIODS.IN)
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rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhkkrkhrhhkkrkdrxrkxx  kkkkkkkkkkkkkkkkkkkkk

Scheduled Tasks

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhhkkrkhrhhkkdkkrxrxx  kkkkkkkkkkkkkkkkkkkkk

rkkkkhkkkkhkhkkkkhkhkkkkhkhkkhkhkhhkkhkhrhhkkrrkkrxrkxx  kkkkkkkkkkkkkkkkkkkkk

; Function: LED_Flash
; Description: Flashes LED on port0 pinO on and off
; Pre: None
; Post: None
TASK1:
LED_Flash:
mov  A,LED_Status ;is led on?
jz LED_on ; ho got turn it on
clr LED_PORT ; turn off
mov  LED_Status,#00 ; set status
ajmp SCH_Dispatch_Tasks_end
LED_on:
setb LED_PORT ;turn LED on
mov LED_Status,#01 ;set status
ajmp SCH_Dispatch_Tasks_end ;Return from schedul ed task

' End of File

*  kkkkkkkkkkkkkkkkkkkkk

ok *  kkkkkkkkkkkkkkkkkkkkk

Scheduled Tasks

ok *  kkkkkkkkkkkkkkkkkkkkk

+k *  kkkkkkkkkkkkkkkkkkkkk

; Function:

; Description:

; Pre: None
; Post: None

TASK2:
ajmp SCH_Dispatch_Tasks_end ;Return from schedule d task

* *  kkkkkkkkkkkkkkkkkkkkk

' End of File

*  kkkkkkkkkkkkkkkkkkkkk

Listing 23 Task2: Empty task file (file: TASK2.ASM - TASK8.ASM)
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