
WO 03/005183 PCT/AU02/00871  ASSEMBLY LANGUAGE TOOL KIT AND METHOD
TECHNICAL FIELD This invention relates to programming in assembly language
for programming  microcontrollers and microprocessors. BACKGROUND TO THE
INVENTION The earliest computers were programmed using binary codes,
consisting of  sequences of 1's and 0's. Binary codes are very difficult
for human beings to work  with directly as it is very difficult for humans
to extract patterns from a sequence of  digits of l's and 0's. To
facilitate the programming and reading of binary code, machine code, or
assembly  language was developed. Assembly language consists of a number of
instructions or  opcodes which represent a particular instruction carried
out by a sequence of binary  code. This resulted in a great increase in the
efficiency and ease of use in programming  microprocessors however, as the
number of opcodes increased dramatically with the  advent of more complex
computer hardware, it became increasingly more difficult to  use and
remember the number of codes available. Another problem is that in
entering opcodes (generally consisting of strings of data), errors can be
made by the  programmer resulting in either an incorrect opcode being
entered or the assembler  not recognising a particular opcode. Attempts to
alleviate these problems resulted in the development of higher level
programming languages, which use more natural syntax to carry out
functions.  However, this results in a loss in speed in the central
processing unit (CPU) executing WO 03/005183 PCT/AU02/00871 2 the program
and a reduction in flexibility when compared to using assembly  language
opcodes. It is an object of the present invention to improve the efficiency
and ease of  programming in assembly language while reducing the delays
incurred in using  



higher level programming languages. SUMMARY OF THE INVENTION According to a
first aspect of the present invention, there is provided a method for
improving the efficiency of programming in assembly language, the method
comprising grouping together under one symbol, two or more assembly
language  instructions such that selection of that one symbol, together
with one or more  predetermined parameters, defines one of the two or more
assembly language instructions. According to a second aspect of the present
invention, there is provided a tool kit for  creating a program in assembly
language for a microprocessor, the tool kit  comprising a user interface
providing access to a plurality of symbols, at least one of  which
represents two or more assembly language instructions grouped under that
symbol, such that selection of that symbol, together with one or more
predetermined  parameters, defines one of the two or more assembly language
instructions grouped  under that symbol. According to a third aspect of the
present invention, there is provided a method of  creating a program in
assembly language for a microprocessor, the method  comprising selecting at
least one of a plurality of symbols at least one of which  represents two
or more assembly language instructions such that selection of that at
least one symbol together with one or more predetermined parameters,
defines one WO 03/005183 PST/AU02/00871 3 of the two or more assembly
language instructions and providing a value relating to  each of the one or
more predetermined parameters. Preferably, the symbol will be a graphical
symbol. Preferably, the graphical symbol will include an element suggesting
the function of  the two or more assembly language instructions represented
by the graphical  symbol. BRIEF DESCRIPTION OF THE DRAWINGS The invention
will now be described in more detail with reference to the following
figures in which: Figure 1- shows an opening screen of a programming tool
according to the present  invention; Figure 2 - shows a screen used in
configuring various parameters of a  



microcontroller being programmed; Figure 3 - shows the ASSIGNMENT symbol
with associated window;  Figure 4 -. shows the CALCULATE symbol with
associated window;  Figure 5 - shows the CALL symbol with associated
window; Figure 6 - shows the RETURN symbol with associated window;  Figure
7 - shows the GOTO symbol with associated window; Figure 8 - shows the
COUNT SKIP IF 0 symbol with associated window;  Figure 9 - shows the SET
symbol with associated window; Figure 10 - shows the SKIP IF symbol with
associated window;  Figure 11- shows the TIMING symbol with associated
window;  Figure 12a - shows a first screen of an exemplary program;  Figure
12b - shows a second screen of the exemplary program;  Figure 12c - shows a
third screen of the exemplary program; Figure 12d - shows a first screen of
subroutine "pip" of the exemplary program; WO 03/005183 PCT/AU02/00871 4
Figure 12e - shows a first screen of subroutine "delay" of the exemplary
program;  and Figure 12f - shows a second screen of subroutine "delay" of
the exemplary program. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT In
accordance with the concept of the present invention, two or more "similar"
opcodes are associated with a symbol (whether it be a text or graphic
symbol). Upon  selection of the symbol, the more specific operation of that
symbol may be selected  from any options available on that symbol. In this
way, every opcode grouped under  that symbol can be accessed and caused to
perform its particular operation. For example, in one particular
microcontroller, some of the opcodes available are as  follows: CLRF f,
CLRW, MOVF fd, MOVWF f, MOVLW k According to the invention, each of these
opcodes is grouped under a single symbol  which for the purposes of the
example is called "CRYSTAL". If any of the above opcodes are needed, then
the CRYSTAL symbol would be selected which then requires the entry of one
or more parameters. For example, these  parameters could be either "f" or
"w". A second parameter might then be chosen  from the range of "0", "f",
"w" or "k". Thus, the same group of instructions referred  



to above would become: CRYSTAL f = 0, CRYSTAL w = 0, CRYSTAL w = f, CRYSTAL
f = w, CRYSTAL w = k. The five separate opcodes referred to above have now
become a single instruction  (symbol) plus two options. While it is
possible for the symbol to be a text element, it  is preferably a graphic
symbol having associated with it two drop down menus  containing various
options for the required parameters. WO 03/005183 PCT/AU02/00871 5 A
specific implementation of the present invention will now be described in
the form  of a programming tool designed to program a microcontroller using
the graphic  symbol feature of the present invention. Now described is a
symbol-based programming tool designed to replicate all the  instructions
available in the Micro chip 16F84 instruction set. It utilises windows and
drop down menus in which all the information contained in a text
instruction can be  entered and implemented on variables and literals.
While the programming symbols provide a convenient method of entering
instructions and data, it is still preferable that the programmer have a
knowledge of  the register, memory and instruction set relative to the
16F84. The names assigned to  the symbols are representative of the group
of functions hidden behind each button. Figure 1 shows an opening screen 10
of the programming tool. Upon opening the  tool, screen 10 appears showing
various symbols as will be described in more detail  below. Instructions
have been divided into 9 main groups represented by symbols situated on the
programming interface. Every program will be contained within a  Start
symbol 20 and an End symbol 21. The various symbols 22 to 30, represent the
nine main groups of the opcode instruction set of the 16F84 microprocessor.
The  function of each of these symbols is detailed in the table below.
Summary of Symbol Operations Start VInitializes the-program, port and
control register settings. EndSignals end of program to the assembler.
AssignmentCopies the value of one variable to another variable, deleting
and creating new variables. CalculateArithmetic operations, ie. add,
subtract, logic, complement, rotate, increment, decrement and swap.
CallCall subroutine (label). 



WO 03/005183 6 PCT/AU02/00871 Count Skip if 0Increment or decrement
register (variable) - skip next instruction if the result is zero. GotoGo
to label or specified address. ReturnReturn from subroutine to next
instruction, return with literal in w, return from interrupt. Set /
ResetSet and clear specified register bits (variables). Skip IfTest
specified register bit (variable) - skip if set or clear. TimingClear watch
dog timer, no operation and enter standby mode (slee ). Before beginning
the programming, it is necessary to configure the microcontroller  being
programmed. This is done by double clicking on Start symbol 20 which brings
up the screen 11 shown in Figure 2. For introductory work, default settings
can be accepted however, port settings may  need to be changed. These may
be changed by any convenient means for example by  placing the cursor on an
arrow and clicking, to change the direction of the arrow. The  direction of
the arrow signifies either an input or output for that port. The details
relating to microprocessor configuration are not directly relevant to the
present  invention and will not be discussed in any further detail. Each of
the symbols 22 to 26 will now be described more fully. Beginning with the
Assignment symbol 22 (see Figure 3), the symbol 22 is shown  together with
a window 221 that is displayed to the user upon selection of symbol 22.
The Assignment symbol copies the value of the variable in list 222 to the
variable in  list 221. In list 1 any one of the default or user defined
variables can be chosen. Default  variables are those already in the list;
user defined variables are created by the user.  If list 1 contains a
variable other than register w, then the variable in list 2 must be 0,
register w or the same as list 1. If list 1 contains the register w, then
list 2 can contain any of the variables from the  pull down list (produced
upon clicking on button 224), or any literal value (hex, dec,  bin.). WO
03/005183 7 



PCT/AU02/00871 A comparison of the Assignment symbol instructions with the
microprocessor  opcodes is shown below in table 1. TABLE 1 Bitset
InstraetionPIC UstInstructionComments/ description 12 variable0clrf fset
variable to zero w0clrwset w to zero w =variable movf f; dset w to variable
variablevariableset variable to variable variable=wmovwf fset variable to
register w w-kmovlw kset w to literal number or ASCII e. 'A' f--variable,
d=destination (variable or register w), k=literal number or ASCII New
variables can be added in several ways.   By accessing the options menu.
By adding and changing variables within combo boxes. Creating a New
Variable To create a new variable the New Variable button 225 is selected
to display a variable'  list window (not shown). Variable names can be
added or changes as desired. The Calculate symbol 25 (see Figure 4), is
inserted when one of a variety of  arithmetic operations is to be executed.
These are - add, substract, rotate,  complement, increment, decrement, swap
and logic operations. Upon selecting the Calculate symbol 25, window 251
appears requiring entry of  variables in each of four lists (252-255).
Depending on the operation, the List boxes must be entered accordingly.
List 1- is the destination of the operation. This will either be the w
register  or the variable (register) being operated on (either default or
user defined). WO 03/005183 PCT/AU02/00871 8  List 2 - the variable or
literal value (operand) being used to operate on the w register 



ie. as with add, subtract and logic operations. With instructions in which
the operation is only on a variable, then nothing  is entered in the List 2
combo box. ie. complement, rotate and swap operations.  List 3 - the
operation to be carried out. The arrow symbols indicate the  rotate
direction. When List 2 has been selected the following operations will be
available in  List 3. OR, XOR, AND, + (increment), - (decrement). If List 2
has been left blank then the only operations available are those  involving
bit manipulation on a given register. ie. Flip, Swap, << (rotate left) and
>> (rotate right).  List 4 - indicates the variable upon which the
operation is to be carried out.  This may be user defined or the w
register. In the case of increment and  decrement instructions a 1 is
entered. The instructions chosen in (Lists 1, 2,&3), will govern the
options available in  List 4. If List 2 is selected ' If Lists 1 & 2
contain default registers or user defined variables, then  List 4 can only
contain register w or 1. WO 03/005183 PCT/AU02/00871 9 If List 1 contains
the register w, and List 2 contains either the user  defined or default
variables, then List 4 can only contain register w or 1. If List 2 is not
selected If List 1 contains the register w, then List 4 can contain any
variable  from the pull down list except register w or 1. If List 1
contains a variable other than the variable w, then the List 4  must
contain the same variable as List 1. A comparison of the Calculate symbol
instructions with the assembly language of  the microprocessor opcodes is
shown below in table 2. TABLE 2 Symbol Instructions List ColumnsPICComments
and description 



1 = 2 3 4Instruction Arithmetic Operations variable=Variable+Waddwf fdAdd w
and variable to variable w=Variable+Waddwf fdAdd w and variable to w
variable=Variable-Wsubwf fdSubtract w from variable w=Variable-Wsubwf
fdSubtract w from variable w=K+Waddww kAdd literal and w w=K-Wsublw
kSubtract w from literal variable=Variable+1incf f,dAdd variable by 1
w=Variable+1incf fdAdd variable by 1 variable=Variable-1decf fdSubtract
variable by 1 w=Variable-1decf f,dSubtract variable by 1 Logical erations
variable=VariableORWiorwf fdInclusive OR w with variable w=VariableORWiorwf
fdInclusive OR w with variable w=KORWiorlw kclusive OR literal with w
variable=VariableXORWxorwf fdExclusive OR w with variable
w=VariableXORWxorwf f dExclusive OR w with variable w=KXORWxorlw kExclusive
OR literal with w variable=VariableANDWandwf fdAND w with f
w=VariableANDWandwf fdAND w with f w=KANDWandlw kAND literal with w Bit
Manipulations WO 03/005183 10 PCT/AU02/00871
variable(blank)FLIPVariablecomf fdComplement variable w=FLIPVariablecomf
fdComplement variable variable=>>Variablerrf f dRotate right variable
through carry w=>>Variablerrf f,dRotate right variable through carTy
variable=<<Variablerlf f dRotate left variable through carry w=<<VariableOf
f dRotate left variable through carry variable=SWAPVariableswapf f dSwap
first 4 bits with last 4 bits w=SWAPVariableswapf f dSwap first 4 bits with
last 4 bits 



f=variable, d=destination (variable or register w), k=literal number or
ASCII The Call symbol 23 is shown in Figure 5 together with a subroutine
window 231  which appears upon selection of call symbol 23. The Call symbol
23 is used to tell the program to go to a specified Subroutine (not a
Label). When a particular subroutine is invoked by using the Call symbol
23, a Return will always be executed to return to the main program and
continue with the  execution of the next symbol after the Call symbol. A
specific subroutine may be selected by clicking on button 232 which will
display a  list on a pull down menu (not, shown) of all subroutines
available. A new subroutine may be added by typing the name of the
subroutine in the  window 233 and clicking the "Add Subroutine" button 234.
A comparison of the Call Symbol Instruction with the microcontroller
assembly  instructions is shown below in table 3. TABLE 3 Symbol
Instruction ListPIC InstructionComments and description (subroutine)Call
kcall subroutine by label (name) WO 03/005183 PCT/AU02/00871 11 The Return
symbol 26 is shown in Figure 6 together with the window 261 that is
displayed upon selection of Return symbol 26. The Return symbol 26 tells
the program to return to the main program from a  subroutine. The Return
symbol can only be inserted in a subroutine page. Option 1- If nothing is
entered or selected from the pull down lists, the program by  default will
return to the execution of the main diagram. Option 2 - If List 1(262)
contains register w and List 2 (263) contains any literal value,  when the
return to the main program takes place the value in List 2 is copied into
the  w register. Option 3 - The interrupt option can be selected from the
pull down list. The Return symbol cannot be deleted if it is the only
Return symbol in the Subroutine  page. The Return Symbol Instruction set is
compared wit the microcontroller assembly  



instruction set in table 4 below. TABLE 4 Symbol Instruction List
ColumnsPIC InstructionComments and description 12 (blank)=lankReturnreturn
from subroutine w=kRetiw kreturn with literal in w
interrupt=(blank)Retfiereturn from interrupt WO 03/005183 12 PCT/AU02/00871
The Goto symbol 24 is shown in Figure 7 together with window 241 which
appears  upon selection of symbol 24. The Goto symbol is used to tell the
program to go to a specified Label in the  program. It is not used to go to
a subroutine. The program counter jumps to the  address of the specified
Label and then continues to execute program instructions  from that address
onwards. The required Label to which the program should go to may be
selected from the pull  down list (not shown). When a Goto symbol is added
to the main program, only Labels declared in the main  program can be
selected from the pull down list. When a Goto symbol is added to a
subroutine, only Labels declared in the subroutine  can be selected from
the pull down list. Within a subroutine page a Goto symbol cannot be used
if no Label is declared. A comparison of the Goto Symbol Instruction set
with the microcontroller assembly  instruction set is set out in table 5
below. TABLE 5 Symbol Instruction List ColumnsPIC InstructionComments and
description  (Label name)Goto kgo to label The Count Skip instruction 28 is
shown in Figure 8 together with its associated  window 281 allowing
variables to be entered as required. WO 03/005183 PCT/AU02/00871 



13 The Count Skip symbol is used to make the program counter jump the next
instruction (symbol) if the result of either a decrement or increment of a
variable  (register) results in zero. The operation is used as a testing
tool (ie. when counting or  creating time delays). List 1(282) is the
destination of the operation and must be the variable being  operated on or
w the working register. List 2 (283) is the variable being operated on.
List 2 must be the same as (List 1)  except if the destination is w ie. the
working register. List 3 (284) allows the choice of either the increment or
decrement operations (+/-). A new variable can be created within this
window. However the Assignment process  must be used to give a value to the
variable. A comparison of the Count Skip Symbol Instruction set with the
microcontroller  assembly instruction set is set out in table 6 below.
TABLE 6 Symbol Instruction List ColumnsPIC InstructionComments and
description 123 variablevariable+Incfsz fdincrement variable, skip if zero
variablevariable-Decfsz fddecrement variable, skip if zero f=variable,
d=destination (variable or register w), k=literal number or ASCII The
Set/Reset symbol 27 is shown in Figure 9 together with associated window
271  which is activated upon selection of symbol 27. WO 03/005183
PCT/AU02/00871 14 The Set/Reset symbol 27 is used to set (on) or to dear
(off) a particular bit in either a  default or user defined variable. List
1(272) drop down menu allows choice of the variable to be operated on. This
may be either a default or user defined variable. List 2 (273) allows the
required bit in the variable to be chosen. List 3 (274) allows the bit
chosen to be set (1=on) or reset (0=off). List 2 must be  chosen before
List 3. A new variable can be created within this window. However the
Assignment process  must be used to give a value to the variable. 



A comparison of the Set/Reset Symbol Instruction set with the
microcontroller  assembly instruction set is set out in table 7 below.
TABLE 7 Symbol Instruction List ColumnsPIC InstructionComments and
description 123 variable(Bit 0-7)ONbsf fbset variable bit variable(Bit
0-OFFbcf fbdear variable bit The Skip If symbol 30 is shown in Figure 10
together with its associated window 301. The Skip If symbol 30 is used to
make the program counter jump the next instruction  (symbol) when the
result of a specified variable bit is dear or set. This operation is  used
as a testing tool. An example would be the testing of a switch to determine
whether it is open or dosed. WO 03/005183 PCT/AU02/00871 15 List 1 (302)
provides the selection of default or user defined variables from which to
choose. List 2 (303) allows the required bit in the variable to be chosen.
List 3 (304) allows the bit chosen to be set (1=on) or reset (0=off). List
2 must be  chosen before List 3. A new variable can be created within this
window. However the Assignment process  must be used to give a value to the
variable. A comparison of the Skip If Symbol Instruction set with the
microcontroller  assembly instruction set is set out in table 8 below.
TABLE 8 Symbol Instruction List ColumnsPIC InstructionComments and
description 123 variable(Bit 0-7)ONbtfss fb'bit test variable, ski if set
variable(Bit 0-7)OFFbtfsc fbbit test variable, skip if clear The Timing
symbol 29 is shown in Figure 11 together with its associated window  291.
When the Timing symbol 29 is inserted a window is displayed with three
options available:  No operation 



Clear Watchdog timer   Sleep No operation - no function is carried out
except that the program counter advances  by one cycle. WO 03/005183
PCT/AU02/00871 16 Clear Watchdog timer - dears the watchdog timer. This
instruction is only used if  the watchdog timer is set as part of the
initialisation process. Sleep - power downs the processor and stops program
execution until an interrupt is  received.  From an external reset input on
the MCLR pin.   Interrupt from RBO/INT pin, RB port change. A comparison of
the Timing Symbol Instruction set with the microcontroller  assembly
instruction set is set out in table 9 below. TABLE 9 Symbol InstructionPIC
InstructionComments and description No operationNopno operation Clear watch
dogClrwdtdear the watchdog timer SleepSleepgo into standby mode While not
one of the main instruction symbols, label symbol 31 (see Figure 1) may be
used to label subroutines. The paste text window 32 (see Figure 1), allows
a source code previously created in a  text editor to be inserted into the
program. A source code can also be typed into the  text provided. This can
also be used for documentation of programs where comments  and explanations
can be inserted to help with the understanding of a program. When
inserting comments, the comments should be preceded with a semi-colon (;)
to avoid  compilation errors. Window 33 on Figure 1 allows subroutines to
be selected and edited. As subroutines  are added to the main program, the
name of each subroutine is added to a drop  down menu which can be revealed
upon clicking on the down arrow of window 33. WO 03/005183 PCT/AU02/00871
17 An example program will now be presented to illustrate the use of the
present  invention. The assembly language opcodes for a program to turn on
at random, one  



of six LED's connected to a microprocessor, is shown in Appendix A. The
program is  written in the traditional manner using normal assembly
language opcodes. Using the tool kit of the present invention, the entire
program (shown in Appendix  A) can be constructed using the symbols shown
and specifying their various  parameters. Figures 12a to 12c show screens
containing the main program. Figure 12a  shows page 1 of 3 showing symbols
1 to 15 which are selected from area 101 on  screen 10, and selectively
placed in area 102 simply by dragging the selected symbol. Figure 12b shows
page 2 of 3, being symbols 16 to 30 and Figure 12c shows page 3 of  3,
being symbols 31 to 35. Figure 12d shows page 1 of subroutine "pip" used
within  the main program, while Figures 12e and f show first and second
pages of subroutine  "delay" used within the main program. Appendix B shows
a more detailed version of the effect of the program shown in  Figures 12a
to f for illustrative purposes only. Upon completion of the program, the
program is compiled and may be downloaded  onto a microcontroller by any
suitable means. As well as providing a far more efficient way of
programming microcontrollers and  microprocessors, due to its simplicity,
the invention also allows children and  students to experience programming
microcontrollers and microprocessors. The  invention allows graphical and
intuitive programming which is far easier to learn  than having to memorise
many opcodes. WO 03/005183 PCT/AU02/00871 18 It will be appreciated that
the above has been described with reference to a particular  embodiment and
that many variations and modifications may be made within the  scope of the
present invention. For example, the above has been described in relation to
a specific microcontroller  (namely the 16F84 microcontroller), and
accordingly the particular opcode  instructions will be particular to that
microprocessor. It will be understood that other  microprocessors may use
different opcode instructions and accordingly, the  grouping of opcode
instructions to symbols may be different to that disclosed herein  to cater
for the particular microprocessor being used. Furthermore, additional
symbols to those described herein may be provided to cater for an expanded
opcode  instruction set. WO 03/005183 PCT/AU02/00871 



APPENDXX A 19 LIST p=16C84,r=DEC ; Put assembler into PIC16C84 mode.  r=DEC
means decimal numbers are  assumed if 'B' or 'h' not specified. include
"p16f84.inc ;**************Declare Variables************************ x equ
12  freq equ 13  y equ 14  fcycle equ 15 deltim equ 16
;**************Initialise interrupt subroutine********** goto 5  ORG 4 goto
interrupt  ORG 5 ;**************Initialise Ports*************************
_idlocs H'e84a' CONFIG B'11111111110011'  MOVLW B'10001111' OPTION CLRF
PORTA  MOVLW B'00010111'  TRIS PORTA CLRF PORTB  MOVLW B'00000000'  TRIS
PORTS ;**************Start Of Main Program******************** Start  Mode
1 :Random LED's ;Random LEDs on button Press: ;Light chases down 6 LEDs,
slows and stops randomly.  model I 



movlw 6 ;w = 6  movwf x ;x = w bsf PORTB,5 ;PORTS Bit 5 ON ml call pip
clrf freq  bwait movlw 2 ;freq = 0 ;w = 2 WO 03/005183 PCT/AU02/00871 call
delay  btfss PORTA,4  goto bwait  Spin LEDs movlw 255  movwf freq  loopon
bcf STATUS,0 ;STATUS Bit 0 OFF >> PORTB rrfPORTB,f;PORTB = movlw 2;w = 2
calldela bcf y ;STATUS Bit 0 OFF  rrfSTATUS,O ;freq =>> freq freq,f btfss
PORTA,4 



;If PORTA Bit 4 ON Skip Next gotoml decfszx,f;x = x -1, Skip Next If Zero
goto loopon ;w =6 movlw6 movwf x ;x =w 6 ON bsfPORTB,6;PORTB Bit movlw 255;
w =255 movwf freq ;freq= w goto loopon goto $ 20 ;If PORTA Bit 4 ON
Skip.Next ;w = 255  ;freq = w ;Safety Caching Loop
**************Subroutines****************************** pip movlw 20  movwf
freq  movlw 50  call delay  movlw 10  movwf freq  movlw 40  call delay
movlw 40  movwf freq  



movlw 60 ;w =20 ;freq= w ;w =50 ;w =10 ;freq= w ;w =40 ;w =40 ;freq= w ;w
=60 call delay  retlw 0 ;w = 0 delay  DELAY SUBROUTINE ----------------
DELAY - delays by (0.5 seconds * (working register)) and sounds buzzer
Delay loaded from W movwf deltim ;deltim = w  clrf y ;y = 0 movf freq,w ;w
= freq btfsc STATUS,2 ;If STATUS Bit 2 OFF Skip Next  movlw 1 ;w = 1 movwf
fcycle ;fcycle = w  loop movf freq,w ;w = freq btfsc STATUS,2 ;If STATUS
Bit 2 OFF Skip Next  goto sksnd WO 03/005183 movlw B'1000'  decf fcycle,f
btfsc STATUS,2  xorwf PORTA,f sksnd 



movf freq,w  movf fcycle,f  btfsc STATUS,2  movwf fcycle  decfsz y,f  goto
loop  clrwdt decfsz deltim,f  If Zero goto loop  retlw 0 interrupt  retfie
PCT/AU02/00871 21 ;w = B'1000'  ;fcycle = fcycle - 1 if STATUS Bit 2 OFF
Skip Next  ;PORTA = PORTA xor w ;w = freq  ;fcycle = fcycle ;If STATUS Bit
2 OFF Skip Next  ;fcycle = w ;y = y -1 , Skip Next If Zero ;Clear WatchDog
;deltim = deltim -1 , Skip Next ;w = 0 ;Interrupt End WO 03/005183
PCT/AU02/00871 22 APPENDIX B Icon # 1 Label Start Icon # 2 Paste Text Code
; Mode 1 :Random LED'S 



;Random LEDs on button Press: ;Light chases down 6 LEDs, slows and stops
randomly. Icon #3Labelmodel Icon #4Assignmentw= 6 Icon #5 Assignment x
Icon #6 Set PORTB = w  Icon #7 Label ml 5 ON  Icon #8 Call pip = 0 Icon
#9Assignmentfreq Icon #10 Label bwait = 2 Icon #11Assignmentw Icon #12 Call
delay  Icon #13 Skip If 



PORTA 4 ON  Icon #14 Goto bwait ; Spin LEDs Icon #15Paste TextCode Icon
#16Assignmentw= 255 Icon #17 Assignment freq = w  Icon #18 Label loopon 0
OFF ORTS Icon #19 Set STATUS >> Icon #20CalculatePORTB e Icon
#21Assignmentw= 2 Icon #22 Call delay 0 OFF  Icon #23 Set STATUS >>freq 



Icon #24Calculatefreq - Icon #25 Skip if PORTA 4 ON Icon #26Gotom1 Icon
#27CountSkiplf0x =X. -1 Icon #28 Goto loopon = 6 Icon #29Assignmentw Icon
#30 Assignment x = w  Icon #31 Set PORTB 6 ON  Icon #32Assignmentw= 255
Icon #33Assignmentfreq= w WO 03/005183 PCT/AU02/00871 23 Icon #34 Goto
loopon  Icon #35 End End  



Subroutines : pip subroutine pip 0 Icon #1 Assignmentw Icon #2 Icon
#3Assignmentfreqw Icon #4Assignmentw50 Icon #5 Call delay 10 Icon
#6Assignmentw Icon #7Assignmentfreqw icon #8Assignmentw40 Icon #9 Call
delay 40 Icon #10Assignmentw Icon #11Assignmentfreqw Icon #12Assignmentw60
Icon #13 Call delay 0 Icon #14Returnw Subroutines : delay Icon #1
subroutine delay Icon #2 Paste Text Code ; DELAY SUBROUTINE
------------------- DELAY - delays by (0.5 seconds * (working register))
and sounds buzzer  Delay loaded from W 



Icon #3Assignmentdeltim =w Icon #4Assignmenty =0 Icon #5Assignmentw =#66
Icon #6Skip IfSTATUS 2OFF Icon #7Assignmentw -. =1 Icon #8Assignmentfcycle
=w Icon #9 Label loop #66 Icon #10Assignmentw = Icon #11Skip IfSTATUS 2OFF
Icon #12 Goto sksnd B'1000' Icon #13Assignmentw = WO 03/005183
PCT/AU02/00871 24 Icon #14Calculatefcycle =fcycle -1 Icon #15Skip
ifSTATUS2OFF Icon #16CalculatePORTA =PORTA xorw Icon #17 Label sksnd =#66
Icon #18Assignmentw Icon #19Assignmentfcycle=#64 Icon #20Skip ifSTATUS2OFF
Icon #21Assignmentfcycle=w Icon #22CountSkiplf0y =y-1 Icon #23Gotoloop Icon
#24TimingClear WatchDog Icon #25CountSkiplf0deltim =deltim-1 



Icon #26 Goto loop =0 Icon #27Returnw Subroutines : interrupt Icon #1
subroutine interrupt  Icon #2 Return interrupt = I I WO'03/005183 25 TIC
CLAIMS DEFINING TIC INVENTION ARE AS FOLLOWS: PCT/AU02/00871 1. A method
for improving the efficiency of programming in assembly language,  the
method comprising grouping together under one symbol, two or more assembly
language instructions such that selection of that one symbol, together with
one or  more predetermined parameters, defines one of the two or more
assembly language  instructions. 2. A method according to claim 1, wherein
the symbol is a graphical icon. 3. A method according to claim 2, wherein
the symbol includes an element  indicating the function of the two or more
assembly language instructions. 4. A tool kit for creating a program in
assembly language for a microprocessor,  the tool kit comprising a user
interface providing access to a plurality of symbols, at  least one of
which represents two or more assembly language instructions grouped  under
that symbol, such that selection of that symbol, together with one or more
predetermined parameters, defines one of the two or more assembly language
instructions grouped under that symbol. 5. A tool kit according to claim 4
wherein upon selection of said at least one  symbol, a user is prompted to
enter values relating to the one or more parameters. 6. A tool kit
according to any one of claims 4 or 5, wherein the symbol is a  graphical
icon. 7. A tool kit according to claim 6, wherein the symbol includes an
element  indicating the function of the two or more assembly language
instructions. 
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4 to 7, wherein a plurality of symbols  may be selected together with
respective predetermined parameters, to provide a  program for programming
a microprocessor. 9. A method of creating a program in assembly language
for a microprocessor,  the method comprising; selecting at least one of a
plurality of symbols at least one of which represents  two or more assembly
language instructions such that selection of that at least one  symbol
together with one or more predetermined parameters, defines one of the two
or more assembly language instructions; and providing a value relating to
each of the one or more predetermined  parameters. 10. A method according
to claim 9, wherein said at least one of said plurality of  symbols is a
graphical icon. 11. A method according to claim 10 wherein; said at least
one symbol includes an  element indicating the function of the two or more
assembly language instructions. 12. A method according to any one of claims
9 to 11 further comprising selecting a  plurality of said symbols, together
with respective predetermined parameters to  provide a program for
programming a microprocessor. 


