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TECHNI CAL FI ELD This invention relates to programm ng in assenbly | anguage
for progrwomsgsissi crocontrol l ers and m croprocessors. BABKERDOMNBSIO THE

| NVENTI ON The earliest computers were programred using binary codes,
consisting of sequences of 1's and 0's. Binary codes are very difficult
for human beings to work wth directly as it is very difficult for humans
to extract patterns froma sequence of digits of 1's and 0's. To
facilitate the progranm ng and readi ng of binary code, machi ne code, or
assenbly | anguage was devel oped. Assenbly | anguage consi sts of a nunber of

instructions or OASBIENIBHIY CANGUARSENMOOIPRIT ANDAVETRODICt i on carri ed
out by a sequence of binary code. This resulted in a great increase in the

efficiency and ease of use in progranm ng mcroprocessors however, as the
nunber eased dramatically with the advent of nore conpl ex
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made anhBﬁ)coﬁEMEMHﬁ%ﬁrb'b&goisn ei ther an incorrect opcode being

entered or the assenbler not recognising a particular opcode. Attenpts to
all eviate these problens resulted in the devel opment of higher |evel

progra | anguages, which use nore natural syntax to carry out
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opcodes sequences of 1’s and 0s. 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 1’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



It is an object of the present invention to inprove the efficiency and ease
of programm ng in assenbly | anguage while reducing the delays incurred in
usi ng hiybes/obasel programm ng | anguages. SUVMARY OF THEPCRMENZHEGN
According to a first aspect of the present invention, there is provided a
met hod for inproving the efficiency of progranm ng in assenbly | anguage,
the method conprising grouping together under one synbol, two or nore
assenbly | anguage instructions such that selection of that one synbol,
together with one or nore predeterm ned paraneters, defines one of the two
or nore assenbly | anguage instructions. According to a second aspect of

the pregedbrdAUBTEAPA redBi&ich ﬁﬁﬂ@&ﬁﬂfgg%& écﬁﬂﬂnt \dltolRing GERAHIPY @ program

in assenbly language for a mcroprocessor, the tool kit ®conprising a user
i nt er f atengprageiogicodesaccess to a plurality of synbols, at |east one of

whi ch represents two or nore assenbly | anguage instructions grouped under
that synbol, such that selection of that synbol, together with one or nore

pr edet ermi ned, .par ters, defines one of the t or nore assepbly | anguage
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| east oh@glm‘rlavglptbgfdrhﬁﬁ@ghﬁgm%@. at | east one of which represents two
or nore assenbly | anguage instructions such that selection of that at
| east one synbol together with one or nore predeterm ned paraneters,

defi nes 3 /00871 3 of the two or nore assenbly
I anguaggeﬂm&q{)}g%ﬁéﬁﬂmng a value relating to each of the one or
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the funghbedvidl 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



the two or nore assenbly | anguage instructions represented by the graphical
synbol . BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will now be

descri bedwpresneties detail with reference to the foll ow ng PCIrgumnesos7n whi ch:
Figure-1 - shows an opening screen of a progranm ng tool according to the
present invention; Figure 2 - shows a screen used in configuring various
paraneters of a mcrocontroller being programmed; Figure 3 - shows the
ASSI GNMENT synbol with associated windaoy; Figure 4 - shows the CALCULATE
synbol with associated window, Figure 5 - shows the CALL synbol wth
associ ated w ndow, Figure 6 - shows the RETURN synbol w th associ ated

i nd i i j re 8
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shows thmmmmrmr@pm@mdpmmwsﬂ gure 10 - shows the SKIP I F
synbol with associated wi ndow, Figure 11- shows the TIM NG synbol wth
associ at ed wi ndow, Fi gure 12a - shows a first screen of an exenplary

progra i 12b a sec nd screen of the exenplary program
Fi gur e%ﬁ%ﬁéyaqogﬁ’%sxrq ¥H§39Trpl ary program Figure 12d -

shows a first screen of subroutl ne p| p" of the exenplary program WO
03/ 005183 PCT/ AU02/ 00871 4 Figure 12e - shows a first screen of subroutine

"del ay" Poéferdbly sthenphphicaDsyaabalnvill attude v eRnddt su gem% theSR@RAGN PET €en
of subroutine "del ay" of the exenplary program | LED" DESCRI PTI ON OF

THE PREHERRFOOERNBERIaFENMbly 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;



In accordance with the concept of the present invention, two or nore
"simlar" opcodes are associated with a synbol (whether it be a text or

gr aphi ¢ swotwalodsi8iJpon sel ection of the synmbol, the nore epEcitoR/oosgperation
of that synbol may be selected fromany options available on that synbol.
In this way, every opcode grouped under that synbol can be accessed and
caused to performits particular operation. For exanple, in one particular
m crocontrol l er, some of the opcodes ayailable are as follows: CLRF f,
CLRW MOVF f,d, MOVWWF f , MOVLWKk According to the invention, each of these
opcodes i s grouped under a single synbol which for the purposes of the

exanpl eFiggiré abé edhoWRETTAL screbh oegubl%fuﬁ&llae'o@b@ﬂ@oﬁae Qe }%g%ﬂ; then
t he CRYSTAL synbol woul d be sel ected which theén requires the ‘entry of one

or noreampdr aneters. For exanple, these paraneters could be either "f" or
"w'. A second_parameter mght then be chosen fromthe range of "0", "f",
"w' or Figure}hishews asspendsaapn of subrovitinet idsky rafithe esemplasy aegeamoul d
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 becone a

si ngl e DESATHED DRSCRIPTRON O T3 PREFURHID EMMOIRENT S possible for the
p

synbol to be a text elenent, It 1is preferably a graphic synbol having
associ alreaccorddndetwitivahel compceght wif theprisenciovieatiohigvy af iraae “siphilaris for the
required parameters. WO 03/005183 PCT/ AU0O2/ 00871 5 A specific

i npl emepPeadesare psgasiated agdne symbeh{wbethgr it baw e er guaplricsponbod). Uperf or m
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For example, in one particular microcontroller, some of the opcodes available are as

follows:

CLRF f, CLRW, MOVF f,d , MOVWFEF {, 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 £ =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.



entered and inplenented on variables and literals. Wile the progranm ng
synbol s provi de a conveni ent nethod of entering instructions and data, it
is still woeBeo:aBs e t hat the progranmer have a know edge @CT/AUv/0083gi St er,
menory and instruction set relative to the 16F84. The nanes assigned to
the synbols are representative of the group of functions hidden behind each
button. Figure 1 shows an openi ng scréen 10 of the progranm ng tool. Upon
opening the tool, screen 10 appears show ng various synbols as will be
described in nore detail below Instructions have been divided into 9 main
groups represented by synbols situated on the programm ng interface. Every
Pr ogAaspevificlintiersionitai ohesk the idrbdend invRirdion WIReI R0dadeeibaa ifftde forapol 21
The various synbols 22 to 30, represent the nine nmain groups of the opcode
i nst el pragrageningf toohdedighed torprogrpos esisorcontodler fisingtthegrapphieach of t hese
synbols is. detailed in the table below Summary of Synbol Operations Start

| ni tera’EP]i’%]ef§aW¥§°ﬁF}b‘°gP‘é%Fnb’6WFnHﬁﬂ- control register settings. End Signals
end of programto the assenbl er. Assignnment Copies the value of one

vari abl e to another variable, deleting and creating new vari abl es.
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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 Initializes the program, port and control register settings.

End Signals end of program to the assembler.

Assignment Copies the value of one variable to another variable, deleting and creating
new variables.

Calculate Arithmetic operations, ie. add, subtract, logic, complement, rotate,
increment, decrement and swap.

Call Call subroutine (label).




Skip If Test specified register bit (variable) - skip if set or clear.
Timng Cear watch dog tinmer, no operation and enter standby node (sl eep).
Bef or e beyyOrniodx)8: he programring, it is necessary to confipgiiraoties71

m crocontroll er being programred. This is done by double clicking on Start
synbol 20 which brings up the screen 11 shown in Figure 2. For

I ntroductory work, default settingséban be accepted however, port settings

may need to be changed. These may be changed by any convenient means for

exanmple . ptaein he—cursoryon—anartowandctickint—to—change—ihe
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i Nplt—or—output—for + FAWLISAEIO: The details relating to microprocessor |
conf S8 ation are not CRite Label gr pecificd Address. t he present invention and wi
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Default variables are those already in the list; user defined variabl es

are hy. r...1f. list 1 contains a.variagble.other than register
o, 1 B Bt e Pirming i oG BofbRls Bf Sidhigtadlie s 7 ot
1. beihProgrfified Thid 8 Uon@YySAGIbIVCiEBRB dr SthartdsyTABOICON A f the
vari abl g?f omt he pulll down”l i st (pc)rloduged %%{)n clicki ngﬁigﬁ%ﬁ sgn 224) ,
or any the s@eah 1Vahown(ihdigurke?:, bin.). WO 03/005183 PCT/ AU02/ 00871 7 A
conpari son of the Assignnent symbol instructions with the m croprocessor
opcodes is shown below in table 1. TABLE 1

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.

o Iflist 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.).



Bits et Instruction PIC List Instruction Cormments/ description 1 2
variable = 0 clrf f set variable to zero w=0 clrwset wto zero w =
vari abl e weto3mo183 vari able or novf f, d variable = vari alpCa/Aam/ossati abl e
to variable variable = wnmovwi f set variable to register ww = k novlw k
set wto literal nunber or ASCII (e.g. "A") f=variable, d=destination
(variable or register w, k=literal nunber or ASCI| New variabl es can be
added in several ways. By accessing the options nenu. By adding and
changi ng variables within conmbo boxes. Creating a New Variable To create a
new vari abl e the New Variable button 225 is selected to display a variable
list W pdein boMR) %nﬁf& s desired.
The Cal cul atg&gﬁlonrtﬁ)o 25ASSY§%I%?J§§7IRB%S%EF§§%Hed when Hoick é%og vari ety
of  ari bpoeddsis shewatbedow intable lhe executed. These are - add, substract,
rotate, conplenent, increnment, decrenment, swap and |ogic operations. Upon
sel ecting the Calcul ate synbol 25 TABidol 251 appears requiring entry of
variables in each of four lists (252- 2%5). Dependl ng on t he operation, the

Li st boxes nusit_bBitseidnsmuetin acgor¥cngl y. Shodnc %the destiration of the
operation. Thils willLligther he Itsirection r ggi st o Fomieuts] foseriptiopn ) o (register)
bei ng oper at ed E,er Qripf{ﬁml t or uger defined) WO 03/ 005183
PCT/ AUD2/ 0087 1}-2gbley = T”g t h%'ﬂrfiah' &t gpriableie o) yal ue (operand) bei ng
wo o LW=1. C et W to Zero
used to operate W TR YWeariable set w to variable
ox movf fd
variable | = | wvariable set variable to variable
variable | = w movwf { set variable to register w
W = k movlw k set w to literal number or ASCII (e.g "A")

f=variable, d=destination (variable or register w), k=literal number or ASCII

New variables can be added in several ways.
* DBy accessing the options menu.

e 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.
e 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).



register ie. as with add, subtract and |ogic operations. Wth instructions
in which the operation is only on a variable, then nothing is entered in

t he Li st womombashox. ie. conplenment, rotate and swap opePaTiAINg/0087LI st 3 -
the operation to be carried out. The arrow synbols indicate the rotate
direction. Wien List 2 has been selected the follow ng operations wll be
available in List 3. OR XOR, AND, + (increnent), - (decrenment). If List 2
has been left blank then the only opergtions available are those involving
bit mani pulation on a given register. ie. Flip, Swap, << (rotate left) and
>> (rotate right). List 4 - indicates the variable upon which the
operation is tlistiie- tar varablewr literihialuesppbmndd beirgdefisoded aperatenthe w
register. In the case of increnment and decrenent instructions a 1 is
entered. The T®&6tlictions chosen in (Lists 1, 2,&3), will govern the
options avail abl i.St.2 18 elected If Lists 1 & 2 contain
dgfault regis €F§Vg¢ &?g 1&%??%@85J83¥§ﬁ¥%§ O%%en List 4 can only contain
register wor |. W 03/005183 PCT/ AU02/ 00871 9 If List 1 contains the
register w, a tlst 2 contains either the user defined or default

vari abl es, it .%%tructé&w 16ﬁ’r’19ﬂcbéhﬁ apAratig) istoaly engrvariable, then sptlings not

sel ected If L| S, i,ster w, then List 4 can contain any
vari abl e fror]ﬁ?mg epcg t%(?g%ﬁt g)P(?é(pt regi ster wor 1.

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).

¢ List4 - 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.



If List 1 contains a variable other than the variable w, then the List 4
must contain the sane variable as List 1. A conparison of the Calcul ate
synbol i re0raooi1ehs with the assenbly | anguage of the m ecopeeessor
opcodes is shown below in table 2. TABLE 2 Synbol Instructions List

Col ums PIC Comments and description 1 =2 3 4 Instruction Arithnetic
Qperations variable = Variable + Waddwf f,d Add w and variable to vari abl e
w = Variable + Waddwf f,d Add w and’variable to w variable = Variable - W
subwf fd Subtract wfromvariable w = Variable - Wsubwt fd Subtract w from

variable w = +.Waddlw k Add liiteral and ww = K - Wsublw k Subtract w
fromliteral ﬁérlﬂsigi @Iﬁahpgﬁﬁ%mggstgr V. epelapt %C%@Wﬁ&ﬁhj@e B§er1L w =

Sutract var 1 abrerrs: §F defiBleg BB e MGLL B SRR Bistel i, 1

Logical Oerations variable = Variable OR Wiorwf f,d Inclusive ORw w th
variable w = fd Inclusive ORwwth variable w= K OR

Wiorlwk In(_:l X@rﬂ}gp%%’i%%%ﬁ%‘l% ith w variable = Variable XOR Wxorwf f,d
Excl usi OR iy & =" = ' . f ' OR
h var e i@ the ettt BT ECE At Bt b RGEUE VO IE &

Vari abl e AND WfaosivdhefilAiBww 1t eRedpt résiste¥arioall € AND Wandwf fd AND w
with f

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 Columns PIC Comments and description
1 [=] 2 [ 3 | 4 Instruction
Arithmetic Operations
variable | = | Variable + W addwf fd | Add w and variable to variable
w = | Variable + W addwf f,d | Add w and variable to w
variable | = | Variable - W subwf fd | Subtract w from variable
w = | Variable - W subwf fd | Subtract w from variable
w = K + W addlw k | Add literal and w
w = K - W sublw k Subtract w from literal
variable | = | Variable + 1 incf fd Add variable by 1
w = | Variable + 1 incf fd Add variable by 1
variable Variable - 1 decf fd Subtract variable by 1
w = | Variable - 1 decf fd | Subtract variable by 1
Logical Operations
variable | = | Variable OR W iorwf fd | Inclusive OR w with variable
w = | Variable OR w iorwf fd | Inclusive OR w with variable
w = K OR W iorlw k Inclusive OR literal with w
variable | = | Variable | XOR w xorwf fd | Exclusive OR w with variable
w = | Variable | XOR W xorwf fd | Exclusive OR w with variable
w = K XOR W xorlw k Exclusive OR literal with w
variable | = | Variable | AND W andwf fd | AND w with f
w = | Variable | AND W andwf fd | ANDw withf
w = K AND W andlw k | AND literal with w
Bit Manipulations




w =K AND Wnwdlw k AND literal with w Bit Manipul ati ons WD 03/ 005183
PCT/ AU02/ 00871 10 variable = (blank) FLIP Variable conf fd Conpl enent
vari abl e waroBlbf83/ar i abl e conf fd Conpl ement vari abl e var iPablAgoz/oos71 - >>
Variable rrf f,d Rotate right variable through carry w=1it - >> Variable
rrf f d Rotate right variable througB carry variable =it | << Variable
rif f,d Rotate left variable through“carry w = << Variable rlf f d Rotate

| eft_variable through carry variable = SWAP Vari able swapf f,d Swap first
4 bilt saviehly | ast(blnk) { s FLIP =| SARbIAL | @hife £8WhEbniplén&wanriiblest 4 bits wijth
last] 4 kvts | Efvari abl e pLi=desydridld Oneonafdaptenplerh@@ivafishle W, K=ITteral
numiera@Epl@SCL] The Cal T, SYmbof.,81d $§ Saowa | ! fa%gﬁakmstu%hg%ﬂyt
subrjoutipe oW 23T WL Th| ap SRl | URY ¢ ae 3 ﬁ At S .—The

Cal | 1 P s—useg—to—tetd i
(notSeietle L3 1 Ve b o3¢ T AT T
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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

List PIC Instruction Comments and description

(subroutine) Call k call subroutine by label (name)




(subroutine) Call k call subroutine by |abel (name) WO 03/005183

PCT/ AU02/ 00871 11 The Return synbol 26 is shown in Figure 6 together with
t he wi ndowo28aoziBat is displayed upon sel ection of Retur®CTwtvobos26. The
Return synbol 26 tells the programto return to the nmain programfrom a
subroutine. The Return synbol can only be inserted in a subroutine page.
Option 1- If nothing is entered or selected fromthe pull down lists, the
program by default will return to ife execution of the main diagram
Option 2 - If List 1 (262) contains Tegister wand List 2 (263) contains
any literal value, when the return to the main programtakes place the

opt | che RettuiH syinbS1 SOR'HOW bR 6 WESHES M e PRbeBRr 281 ORI Cannot be
del edis@ldyed lipdisdlbei@NbYREREHYnONRE! i n the Subroutine page. The Return

Synbol "I nstruction set is conpafed wit the mcrocontroller assenbly
instruction set in table 4 below. TABLE 4 Synbol Instruction List Colums

PI C Lnstruction Co nts and description 1 2 (blank) _ (blank) Return
retu em%%%‘%@%@hs\ﬁépkomw retyen ta thegnein pragsem frpm ay i nterrupt =
(bl a&@roﬁ@. %i e return frominterrupt WO 03/005183 PCT/ AU02/ 00871 12 The
Goto synbol 24 is shown in Figure 7 together with wi ndow 241 whi ch appears

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 Columns PIC Instruction Comments and description
1 2
(blank) = (blank) Return return from subroutine
w = k Retlw k return with literal in w
interrupt | = (blank) Retfie return from interrupt




upon sel ection of synbol 24. The Goto synbol is used to tell the programto
go to a specified Label in the program It is not used to go to a

subr out i &0 034065183 ogr am counter junps to the address of Po#/AdPeOIF7led
Label and then continues to execute programinstructions fromthat address
onwards. The required Label to which the program should go to may be

selected fromthe pull down |list (not shown). Wen a Goto synbol is added
to the main program only Labels deghared in the main program can be
selected fromthe pull down I|ist. en a Goto synbol is added to a

subroutine, only Labels declared in the subroutine can be selected from

e RGO Gahnslas WehBlh @ MUY O AIAAIRNAvIRIA, X TAtcie et he o ed

if no La s declare I SO e Goto Synmbol Instruction set

V\Athdﬁaﬁga&eﬁ@ﬁmftsyﬁmcﬂrmassenbly instruction set is set out in table 5
bel ow. TABLE 5 Synbol Instruction List Colums PIC Instruction Comments
and description (Label nane) Goto k go to | abel The Count Skip instruction

vari SOt Ebehares 1A B EE D B PGO SIS T R RB08 71 13 The
Count__Ski ' e 0 HOSer | ext
i nst rplfcgf%rﬂ's%gg;%%‘lﬂ%dlﬁ g(h%o?esu tutt%g %?%é@épgﬁgecren% t SF{(?ﬁlgperrent of a

var i f Resd 68k shetifiel §abkl Snd theiféchtinlies toRREALtE PRogimny Sredriasioast est i ng
tool (ie. when counting or creating time delays). List 1 (282) is the

dest ifoamithat adldtehe onperds.i on and nust be the variable being operated on or
w t he working register.

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 Columns PIC Instruction Comments and description
(Label name) Goto k go 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.



List 2 (283) is the variable being operated on. List 2 nust be the sanme as
(List 1) except if the destinationis wie. the working register. List 3
(284) al Iwa3wpbaszhoi ce of either the increment or decrenmeoti/Aapenes’ions A
new vari abl e can be created within this wi ndow. However the Assignnent
process nust be used to give a value to the variable. A conparison of the
Count Skip Synbol Instruction set with the mcrocontroller assenbly
instruction set is set out in tabl el@ bel ow. TABLE 6 Synbol Instruction
List Colums PIC Instruction Comment's and description 1 2 3 variable
variable + Incfsz f,d increment variable, skip if zero variable variable -

Decf i LA f = I: e =desti nation

(var ?gﬁ Eggﬁ€§gm}38%s,&géﬁ?t@%ﬂqﬂﬁﬁégﬁgrcg}%grl]&%ﬁeﬂ]gg}e% eset synbol 27
i's sHasgtrutthort(syutlsolpiftthg eédigf ofditHerasdeédbAtoMitd@Wery df a Waiigblel S
activated upon sel ection of synbol 27. WO 03/005183 PCT/ AU02/ 00871 14 The
Set / Heegister)mesults dvzéro. he dpemtiatisusad ask testing tml (icotvhenaopatingasl ar  bi t
in either a, %géaluilﬁé or user defined variable. List 1 (272) drop down menu
al | oiEeiRg EEefelay)- variabl e 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=0m)isP1 (7825 &f theQratihitioh }h@olgét@ﬁoﬁeand%am RS Aeable$hiny A new

vari abl e can be created within this w ndow. However the Assighnment process
nmust dperatedort or withe veonkahgeegistet.ne vari abl e. A conparison of the Set/Reset
Synmbol Instruction set with the mcrocontroller

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 Columns PIC Instruction Comments and description
1 2 3
variable | variable | + Incfsz fd increment variable, skip if zero
variable | variable | - Decfsz f,d decrement 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.



assenbly instruction set is set out in table 7 below TABLE 7 Synbol

I nstruction List Colums PIC Instruction Coorments and description 1 2 3
vari abl e wBioB/0@s18) ON bsf fb set variable bit variable (BCI/ABOZPOSDEF bcf
fb clear variable bit The Skip If synmbol 30 is shown in Figure 10 together
with its associated wi ndow 301. The Skip If synbol 30 is used to nake the
program counter junp the next instruction (synbol) when the result of a
specified variable bit is clear or ggt. This operation is wused as a
testing tool. An exanple would be the testing of a switch to determ ne
whether it is open or closed. WO 03/005183 PCT/ AU0O2/ 00871 15 List 1 (302)
pr oviTdesS dt/ReseebReboD?7 @f usef det I ' | i ich to
choose. List 2 (%813) al | ows thgbr(ed(%{gidfzgC%)G%?f(di)ﬂrgﬁ?ﬁgﬁ\[/dé??a%&eﬁ%%H%ﬁé@chosen.
Li st d®fqiddal usér definedheariitlechosen to be set (1=on) or reset (0=off). Li st
2 nust be chosen before List 3. A new variable can be created within this
w ndow. However the Assignnment process nust be used to give a value to the

vari . ' t Kip.|f mbol. I pstruction set w.th the
i cr s (PP BBl R Bics o BhF VRgiabl o SpetRifion el o
TABLEn&y bSWIThe! a HestuIU6 197 defigledGRlaBNs PI C I nstruction Comments and
description 1 2 3 variable (Bit 0-7) ON btfss fb bit test variable, skip

if set

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 (O=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 Columns PIC Instruction Comments and description
1 2 3
variable | (Bit 0-7) | ON bsf fb set variable bit
variable | (Bit 0-7) | OFF bef fb clear 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 clear 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 closed.



variable (Bit 0-7) OFF btfsc fb bit test variable, skip if clear The
Timng synbol 29 is shown in Figure 11 together with its associ ated w ndow
291. \WherwODhe/0Td3183 ng synbol 29 is inserted a wi ndow i s di epraymdoet7ih t hree
options avail able: No operation C ear Watchdog tiner Sl eep 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 tinmer - clears
the watchdog tiner. This instruction is only used if the watchdog timer is
set as part of the initialisation pid6cess. 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 | NT pin,
RB pddst E@RYyprovides theealediongsf defeulttioniuser Syfitas] vaniahlesiropowhidt tani t h t he
m crocontroller assenbly instruction set is set out in table 9 bel ow
TABLE™%%ynbol I nstruction PIC Instruction Coments and description No
operation Nop no operation Cear watch dog Crwdt clear the watchdog tiner
Sl eep Sleep go into standby node While not one of the main instruction
SyﬁbQJi§t2{B@B%HWHJ:réi%ﬁfe%ﬂ@itﬁi%@arlﬁblmbg%hoé&ﬁd to | abel subroutines.
The paste text wi ndow 32 (see Figure 1), allows a source code previously
created in a text editor to be inserted into the program A source code

can al.so ed into. the
Liscs &%45 glﬁ)ows the 81’: cﬁosen 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 Columns PIC Instruction Comments and description
1 2 3
variable | (Bit 0-7) | ON btfss fb bit test variable, skip if set
variable | (Bit 0-7) | OFF btfsc fb bit 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.



text provided. This can also be used for docunmentation of prograns where
comments and expl anations can be inserted to help with the understandi ng
of a progwerms/oWwien i|inserting conents, the coments shoulPdThaopoesseded
with a senmi-colon (;) to avoid conpilation errors. Wndow 33 on Figure 1
all ows subroutines to be selected and edited. As subroutines are added to
the main program the nanme of each subroutine is added to a drop down nenu
whi ch can be reveal ed upon clicking_on the down arrow of w ndow 33. WO

03/ 005183 PCT/ AU02/ 00871 17 An exaﬂﬁle programw || now be presented to
illustrate the use of the present invention. The assenbly | anguage opcodes

i or A Rah SLRgp8e ke efs thE el ah oA S e Thisdg T e PRHY g ih ¢ he
L adi heanathaBe Reteris OGO 1ASRANLARIUAGE Opcodes. Lbing the 1 ool

kit of the present invention, the entire program (shown in Appendix A) can
be constructed using the synbols shown and specifying their various
paraneters. Figures 12a to 12c show screens containing the main program

Fi gur¥leepa pasiendoywag she prsicessos amgi sigps pragram dxecotivs ustil ah intezriget isct ed
fromarea 101 on screen 10, and selectively placed in area 102 sinply by

dr agd®hgVEfe sel ected synbol. Figure 12b shows page 2 of 3, being synmbols

16 to 30 and Fjg e 3 of .3 ing.synmbols 31 to 35. Figure

12d shows pageL 1l%?%%%?%%?@éggpil%puﬁ%%@m]g%n?'he mai n program while

Figures 12e ang ﬁnﬁgggégﬁéﬁiRE@_ 5ﬁﬂqupﬁg&§bgﬁg§ubroutine “del ay" used
r s

within the main program Appendi x B shows™ a nore®detail ed version of the
effect of the programshown in Figures 12a to f for illustrative purposes
only. Upon conpletion of the program the programis conpiled and may be
down| & gaBWParisanef shenléméag Ay mbiol %tstmctmyset withatheaminsaeentroléernel | as

providin fa re efficjent, Q rogramm ng m crocontrollers and
m croaﬁ?%rgggﬁwgr}lggﬂg SIS JEO 151??3%%](94980 e invention also allows children

and TABLE 9
Symbol Instruction PIC Instruction Comments and description
No operation Nop no operation
Clear watch dog Clrwdt clear the watchdog timer
Sleep Sleep go 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.



students to experience programm ng mcrocontrollers and m croprocessors.
The invention allows graphical and intuitive programm ng which is far
easi er t owbaanes183 han having to nenorise many opcodes. WOPC3/A1020631

PCT/ AU02/ 00871 18 It will be appreciated that the above has been descri bed
with reference to a particular enbodinent and that many variations and
nodi fi cati ons may be nade within the scope of the present invention. For
exanpl e, the above has been described in relation to a specific

m crocontroller (nanely the 16F84 m crocontroller), and accordingly the
particul ar opcode instructions will be particular to that m croprocessor.

It will i . L feront q
t W &?e%ﬂﬁ%é%fggg?%ﬁhﬁfgl} 1;26 e eplr&&’it@&r’cB 91?&?3(95@ B sél3 ’Eh%{};regérﬁn opcode

i nstructions a groupi ng of opcode 1ns ctrons to

synbol s imegntivm. Ghtfassanblyt langhage dpssd@T6la pebLid té Burgedeht f@dohl®ne
particul ar m croprocessor being used. Furtherndre, additional synbols to

t hose de&se&iilfda sironspeteddy armiqrppuiadesdrs is sbavay inf Appendiexd aftepragrandis
i nstructj on set. V\oggj 005183 PCT/ AU02/ 00871 19 APPENDI X A LI ST
p=16C84 YitgrD the fradiional manner isng norges asserally langragsrersadess deci mal

nunbers are ; assunmed if "B or 'h' not specified. 1include "pl6f84.inc"
**************[b(:lare Val’lab| es************************ X equ 12 freq equ

13y edisirigithd wptkit ofdhie ppesent 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.



deltimequ 16 ******x*x*x*x*|pjtjalise interrupt subroutinex****x*xkx
goto 5 ORG 4 goto interrupt ORG 5 *****x**xx*x**|njtjalise

Por t s* * * *WO0Sp018F ¥ * ¥ *x*x*xxxx | dl ocs H e84a'’ _CONFI G BPCriAuokood7k OOL1'
MOVLW B' 10001111' OPTION CLRF PORTA MOVLW B' 00010111'" TRI'S PORTA CLRF
PORTS MOVLW B' 00000000" TRI'S PORTS *****x*x*xxx*x*Gtart O Min
Progrant*x**x**xxkxk*xx*xxx* GStart Modde 1 :Random LED s ; Random LEDs on
button Press: ;Light chases down 6 LEDgg slows and stops randonmly. nodel
mviw o6 ;w=6 nmvw x ;x = wbsf PORTB,5 ;PORTB Bit 5 ON m call pip

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.



clrf freq ;freq = 0 bwait noviw 2 ;w =2 W 03/005183 PCT/ AU02/ 00871 20
call delay btfss PORTA 4 ;If PORTA Bit 4 ON Skip Next goto bwait Spin LEDs
novl w 255wpw300:A85 novwf freq ;freq = w | oopon bcf STATBETQUISITUS Bit O
OFF rrf PORTB,f ; PORTB = >> PORTB novlw 2 ;w = 2 call delay bcf STATUS, O

; STATUS Bit O OFF rrf freq,f ;freq = >> freq btfss PORTA 4 ;1f PORTA Bit 4
ON Skip Next goto ml decfsz x,f ;x = x -1, Skip Next If Zero goto | oopon
mviw 6 ;w =26 nmvw x ;x = w bsf POR{®, 6 ; PORTB Bit 6 ON novlw 255 ;w =
255 novwbrdnped 2 freq = w goto | oopon

LIST p=16C84,r=DEC ; Put assembler into PIC16C84 mode.
; r=DEC means decimal numbers are
; assumed if 'B’ or ’'h’ not specified.

include "pl6£f84.inc"

;**************Declare Variables************************

bl equ 12
freq equ 13
A% equ 14
feoycle equ 15
deltim equ 16

pRERFIHEIFR xRN Initialise interrupt subroutine****%kxk¥x

goto 5

ORG 4

goto interrupt
ORG 5

;**************Initialise Ports*************************
idlocs H’e84a’

_ _CONFIG B11111111110011°

MOVLW B’10001111°
OPTION

CLRF PORTA
MOVLW B’00010111”
TRIS PORTA

CLRF PORTB
MOVLW B’00000000”
TRIS PORTB

;**************Start Of Main Prog—raln********************

Start
; Mode 1 :Random LED'‘s

;Random LEDs on button Press:
;Light chases down 6 LEDs, slows and stops randomly.

model

movlw 6 W= 6

movwf x X = 0w

bsf PORTB, 5 ; PORTB Bit 5 ON
ml

call pip

clrf freq ;freg = 0
bwailt

movlw 2 woo= 2



goto $ ; Safety Caching Loop

**************Subr OUtI nes******************************

pip novliw 20 ;w =

20 novwiwDremosiB¥eq = w nmovliw 50 ;w = 50 call delay noPCwAL®2/0087¢ 10
nmovwf freq ;freq = w noviw 40 ;w= 40 call delay nmoviw 40 ;w = 40 novw

freq ;freq = w novliw 60 ;w = 60
SUBROUTINE ----------------
regi ster)) and sounds buzzer

call delay retlw O ;w= 0 delay DELAY

DELAY - delays by {0.5 seconds * (worKking
Del ay | oaged from Wnovwf deltim;deltim= w

clrf y ;y = Qampviseliseq, w ; w = freq btfsc STATUS, 2 ;If STATUS Bit 2 OFF
Skip Next nbeEse Porma, =2 1 novwf fcycl g1efsyrghesst W ot @RPp Next

goto bwait
; Spin LEDs
movlw 255
movwf freq
loopon
bef STATUS, 0
rrf PORTRB, £
movlw 2
call delay
bcf STATUS, 0
rrf freq, £
btfss PORTA, 4
goto ml
decfsz x, £
goto loopon
movlw 6
movwf x
bsf PORTB, 6
movlw 255
movwf freq
goto loopon

goto §

;w = 255
;freda = w

; STATUS Bit 0 OFF
;PORTB = >> PORTB
woo= 2

;STATUS Bit 0 OFF
;freq = >> freqg
;If PORTA Bit 4 ON Skip Next

;x = x -1 , 8kip Next If Zero
iw o= 6
X = W
;PORTB Bit 6 ON
;jw = 255
;freq = w

;Safety Caching Loop

;**************Subroutines******************************

pip
movlw 20
movwf freqg
movlw 50
call delay
movlw 10
movwf freqg
movlw 40
call delay
movlw 40
movwf freqg
movlw 60
call delay
retlw 0

delay

17

;wo= 20
;freq = w
jiw = 50
;w o= 10
jfregq = w
jwo= 40
iwo= 40
ifreq = w
;wo= 60
;w =20

; DELAY - delays by {0.5 seconds * (working register)} and sounds buzzer

; Delay loaded from W
movwf deltim
clrf vy
movE freq,w
btfsc STATUS, 2
movlw 1
movwE fcycle

loop
movE freqg,w
btfsc STATUS, 2
goto sksnd

;deltim = w
;7y = 0

;w =  freg
;If STATUS Bit 2 OFF Skip Next
iwo= 1

;fecycle = w

iw = freq
;If STATUS Bit 2 OFF Skip Next



movf freq, w,;w = freq btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next goto
sksnd WO 03/005183 PCT/ AU02/ 00871 21 rnovlw B 1000' ;w = B 1000 decf
fcycle, f wbogobass fcycle - 1 btfsc STATUS, 2 ;If STATUS BCI/AU0OB878KiI p
Next xorwf PORTA, f ; PORTA = PORTA xor w sksnd novf freq,w ;w = freq novf
fcycle,f ;fcycle = fcycle btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next
movw fcycle ;fcycle = wdecfsz y,f ;y =y -1, Skip Next |If Zero goto

| oop clrwdt ;O ear WatchDog decfsz del§{mf ;deltim= deltim-1, Skip Next
| f Zero gotonbeQprresdow O ;w =0 interrupt rgifie, @(f)darrupt End WO

03/ 005183 PCELA02LPOBTE 22 APPENDI X8 dicon # sl dsabel ; Start
btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next
xorwf PORTA, f ;PORTA = PORTA xOor w
sksnd
movE freq,w ;w = freg
movE fcycle,f ;fcycle = feycle
btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next
movwf fcycle ;fcycle = w
decfsz v, E ;v = vy -1, Skip Next If Zero
goto loop
clrwdt ;Clear WatchDog
decfsz deltim, f ;deltim = deltim -1 , Skip Next
If Zero
goto loop
retlw 0 ;w=20
interrupt
retfie ; Interrupt

End



lcon # 2 Paste Text Code ; Mdde 1 :Random LED s
; Random LEDs on button Press: ;Light chases down 6 LEDs, slows and stops
random y.wologoos1#8 Label nodel |con #4 Assignnment w = 6 [PCOMAUNZ0#SSI gnnment
X =w lcon #6 Set PORTB 5 ON Ilcon #7 Label m Icon #8 Call pip Icon #9
Assignnent freq = O Ilcon #10 Label bwait Icon #11 Assignment w = 2 |con
#12 Call delay Icon #13 Skip If PORTA 4 ON Icon #14 Goto bwait |con #15
Paste Text Code ; Spin LEDs |Icon #16 ignment w = 255 |con #17
Assignnent freq = w Icon #18 Label |oopon Icon #19 Set STATUS 0 OFF Icon
#20 Cal CRREENBIPERTB = >> PORTB |con #21 Assignment w = 2 |con #22 Call
del ay lIcon #23 Set STATUS O OFF Icon #24 Calculate freq = >> freq |con #25
Skip If PCRT#A4 ON | con #26 Goto m
Icon 1 Label Start

Icon # 2 Paste Text Code ; Mode 1 :Random LED’s

;Random LEDs on button Press:

;DLight chases down 6 LEDs, slows and stops randomly.

Icon #3 Label model

Icon #4 Agsignment w

Icon #5 Asgignment b'e w
Icon #6 Set PORTB ON
Icon #7 Label ml

Icon #8 Call pip

Icon #9 Assignment freq 0
Icon #10 Label bwait

Icon #11 Assignment w 2
Icon #12 Call delay

Icon #13 Skip If PORTA ON
Icon #14 Goto bwait

Icon #15 Paste Text Code Spin LEDs
Icon #16 Asgignment w 255
Icon #17 Assignment freqg w
Icon #18 Label loopon

Icon #19 Set STATUS OFF
Icon #20 Calculate PORTB = >> PORTB
Tcon #21 Assignment w 2
Icon #22 Call delay

Icon #23 Set STATUS OFF
Icon #24 Calculate freq = >> freq
Icon #25 Skip If PORTA ON
Icon #26 Goto ml

Icon #27 CountSkipIf0 x = -1
Icon #28 Goto loopon

Icon #29 Assignment 4

Icon #30 Assignment X \
Icon #31 Set PORTB ON
Icon #32 Assignment w 255
Icon #33 Assignment freqg w



I con #27 CountSkiplfO x = x -1 1lcon #28 Goto | oopon |Icon #29 Assignnent w
= 6 Ilcon #30 Assignment x = w Ilcon #31 Set PORTB 6 ON |con #32

Assi gnnervowsmeosa8s | con #33 Assignment freq = w WO 03/ 00BCEB\U02/00871 _
PCT/ AU02/ 00871 23 Icon #34 Goto | oopon |con #35 End End Subroutines pip
| con #1 subroutine pip lcon #2 Assignnent w = 20 Icon #3 Assignnent freq =
w lcon #4 Assignnment w = 50 Icon #5 Call delay lIcon #6 Assignnent w = 10
| con #7 Assignnent freq = w Icon #8 Asgignnment w = 40 Icon #9 Call delay
| con #10 Assignment w = 40 |Icon #11 Assignment freq = w lcon #12 _
Assignnment w = 60 |Icon #13 Call delay lcon #14 Return w = 0 Subroutines

del ay | aesn#basubroutingegdel ay loopon
Icon #35 End End

Subroutines : pip

Icon #1 subroutine pip

Icon #2 Assignment w = 20
Icon #3 Assignment freq = w
Icon #4 Assignment w = 50
Icon #5 Call delay

Icon #6 Asgignment W = 10
Icon #7 Assignment freqg = w
Tcon #8 Assignment w = 40
Icon #9 Call delay

Icon #10 Assignment w = 40
Icon #11 Assignment freq = w
Icon #12 Assignment w = 60
Icon #13 Call delay

Icon #14 Return w = 0

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 #3 Assignment deltim = 4
Icon #4 Agsignment v = 0
Icon #5 Assignment w = #66
Icon #6 Skip If STATUS 2 OFF
Icon #7 Assignment w = 1
Icon #8 Assignment feyele = s
Icon #9 Label loop

Icon #10 Assignment W = #66
Icon #11 Skip If STATUS 2 OFF
Icon #12 Goto sksnd

Icon #13 Assignment w = B’/1000’



| con #2 Paste Text Code ; DELAY SUBROUTINE --------coooommannn- DELAY -

del ays by {0.5 seconds * (working register)} and sounds buzzer Delay

| oaded frwmoswizaeh #3 Assignnment deltim= w |con #4 Assi @ome02408710 | con
#5 Assignment w = #66 lcon #6 Skip If STATUS 2 OFF |con #7 Assignment w =
1 Icon #8 Assignment fcycle = w Ilcon #9 Label |oop Icon #10 Assignnment w
= #66 Ilcon #11 Skip If STATUS 2 OFF Ilcon #12 Goto sksnd |Icon #13
Assignment w = B 1000 WO 03/005183 PC}jAU02/ 00871 24 Icon #14 Calculate
fcycle = fcycle - 1 1lcon #15 Skip If STATUS 2 OFF Icon #16 Cal cul ate
PORTA = PORTA xor w |con #17 Label sksnd Icon #18 Assignment w = #66 |con

#19 Assirtgbarent fcycle za#€hackcon #20 sgkip Lf SEAJUS 2 OFF |cgn #21

Assi gnmegt_ f(iﬁd e =w J|con #22 Count SleFI fOy =y -1 Ilcon #23 Goto | oop
| con #24°Ft ding O ear W&tRHog STATUS 2 OFF
Icon #16 Calculate PORTA = PORTA XOr w
Icon #17 Label sksnd
Icon #18 Assignment w = #66
Icon #19 Assignment foycle = #64
Icon #20 Skip If STATUS 2 OFF
Icon #21 Assignment fcycle = w
Icon #22 CountSkipIf0 v = v -1
Icon #23 Goto loop
Icon #24 Timing Clear WatchDog
Icon #25 CountSkipIf0 deltim = deltim -1
Icon #26 Goto loop
Icon #27 Return w = 0

Subroutines : interrupt

Icon #1 subroutine interrupt

Icon #2 Return interrupt =



| con #25 Count SkiplfO deltim= deltim-1 |Ilcon #26 Goto | oop |con #27
Return w = 0 Subroutines : interrupt Icon #1 subroutine interrupt |con #2
Ret urn i nverosiptis= WO 03/ 005183 PCT/ AU02/ 00871 25 THE CLACYVRUDEBISH NG THE
| NVENTI ON ARE AS FOLLOW5: 1. A nethod for inproving the efficiency of
programm ng in assenbly | anguage, the nmethod conprising grouping together
under one synbol, two or nore assenbly |anguage instructions such that

sel ection of that one synbol, togetherogith one or nore predetermn ned
paraneters, defines one of the two or nore assenbly | anguage instructions.

2. Ane C | ' [ he ol 1s a graphical icon.
3. A mﬁ%%ﬁbﬁ%%@%@ﬁ%émoﬁél udes an el enent

i ndicating the function of the two or nore assenbly | anguage instructions.
4. Atool kit for creating a programin assenbly |anguage for a

m Cr opr acess A methd®fdrA@hproving tHES KiSieRBy Bf ﬂ?@‘%‘rahﬁ%ﬁ{é R SnBY %%ﬁaﬁ%,c ess
to a plurality of synbols, at | east one of "which represents t'wo Or re
assenbl yhe methed compsisimg giapEng togaiber undetasne dyahbaly twolor nsorenstdiably

sel ection of that sypbol, fogether with one or nore predeterm ned

par anet %lg,uaggfmﬁggctws&p that selgstion ofdhat eressrpb9l tegriberwithionstenuct i ons

grouped Lnd ... 5. A topl kit according to claim erein upon
sel ection of rg%%%%ﬁﬁ%ﬂéﬁaar%eﬁgrs, gﬁﬁ%%si ?n%oﬁéﬁrwos&p?@ﬁ%?ﬁs&n? Y é&@ta8ral ues
rel ati ngndtAididdmsone or nore paraneters. 6. Atool kit according to any one

of claims 4 or 5, wherein the synbol is a graphical icon. 7. A tool kit
according to claim®6, wherein the synbol includes an el enent

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.



indicating the function of the two or nore assenbly | anguage instructions.
WO 03/005183 PCT/ AU02/ 00871 26 8. A tool kit according to any one of
clainms 4 woozjooasBerein a plurality of synbols nay be sel @cradior/oesst her

W th respective predeterm ned paraneters, to provide a programfor
progranmm ng a m croprocessor. 9. A nethod of creating a programin assenbly
| anguage for a m croprocessor, the nethod conprising; selecting at |east
one of a plurality of synbols at |eastpygne of which represents two or nore
assenbly | anguage instructions such that selection of that at |east one
synbol together with one or nore predeterm ned paraneters, defines one of

the twog. or @f@l&&%&bﬁd&nk&@%?%e'dﬁldiﬂ%@! t%%wl@él@upége ig;gofas hoR
relating to each of the onée or hore predetermined paraneters. 10. A nethod
accor di mepy be s¢le¢tar Sogether wiith mapectite predsteratired basaneteps, wo provigees

synbols is a graphical icon. 11. A nethod according to claim 10 wherein

sai d at Preg&i M OgRMEIMING@ MgEePEgres¥itenent i ndi cating the function of
the two or nore assenbly | anguage instructions. 12. A nmethod according to
any one of claims 9 to 11 further conprising selecting a plurality of said

synmbol sg. t oge Akhd¥ bPF B8R %t%fb%rﬁmﬂ%%ﬂbmgngﬁégﬁ‘&ﬂ hidrBprdlef¥d,de 2
program for programm ng a ntcropf’ocessor.
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.



