WO 03/ 005183 PCT/ AUO2/ 00871 ASSEMBLY LANGUAGE TOCOL KIT AND METHOD

TECHNI CAL FI ELD This invention relates to programmng in asseg dl' cdngulge
for programming mcrocontrollers and m croprocessors. BACK O THE

| NVENTI ON The earliest conput g W‘\mmw amed usi ng bi nary codes,

consi sting of sequences of 1 mmm nary codes are very difficult
for human beings to work wth dirgghdey as it is very difficult for humans
to extract patterns froma sequence of digits of I's and 0's. To .
facilitate tHOPYWYBmmi ng and readi'ng of binary code, HEEANI2887Eode, or
assenbly | anguage was devel oped. A\EMM Ianguage consi sts of a nunber of

d

instructions or opcodes whic particular instruction carried
out by a sequence of binary c esulted in a great increase in the
efficiency and ease of use in progt\‘aﬁ‘ﬁ*ﬁ ng mcroprocessors however, as the.
nunber of opcodes increased dramatically with the advent of nore conpl ex
conput er hardware, itASSEMBEY LANGUAGEJOOLKIEAND METHODt 0o use and
renenber the nunber of codes avail able. Another problemis that in
entering opcodes (generally consisting of strings of data), errors can be
made by theTEEHIr@Ca\mLDesul ting in either an incorrect opcode being

entered or e ass nbl er not recogni,si n artlcu ar opcode. Attenpts to
alleviate t énY)ef‘ ’ée%esrtggfﬂgfaéﬁm%l?ﬁﬁ ﬁ%ﬁhgf’ 5’%’5’1’1@ | evel

progr anm ng rhiawgeraghers and nidoptoeessoas.e nat ur aI 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 reductﬁAcﬂKd;RomNBmmmEmvmmNonpar ed to using assenbly |anguage

opcodes. S bj ect, of the preseni invention to inprove the efficiency
and ease of 'lj}‘b're 8‘?"‘2 W&eﬁsﬁp’eg&grggﬁﬁm eé'CP’éséﬁﬁ‘Bgﬁg t he del ays
incurred in sdgiieAgs of 1’s and 0’s. Binary codes are very djfﬁcult 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 il;tcrease 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 béing 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



hi gher | evel progranm ng | anguages. SUMVARY OF THE | NVENTI ON According to a
first aspect of the present invention, there is provided a nethod for

i nproving the efficiency of programmng in assenbly |anguage, the nethod
conpri sing groupi ng 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 present
i nvention, tH¥@/PY8Hprovided a tool kit for creating XCPABBOBM ' n assenbly
| anguage for a mcroprocessor, the tool kit conprising a user interface
providing access to a plurality of synbols, at |east one of which
represents two or nore assenbly | anguage instructions grouped under that
synbol, such that selection of that syrbol, together with one or nore :
predeterm ned paraneters, defines one of the two or nore assenbly | anguage
I nst ruct i onshgprogRatandudaiictivh &l ASIHIRY wh déd9 usigasseidblyd aspect of the
pr esent inVﬁnti on, th&\re is provided a nethod of <creating a programin
assenbl y | anJteH%F PEP9S: i croprocessor, the nmethod conprising selecting at
| east one of a plurality of synmbols at |east one of which represents two
or nore assenbly ] anguage instructions such that selection of that at

| east one syhigan obiggy et the pregent invspionio imprave fheefficieapmandeasenfr amet ers,

defi nes one P\(Q@é&@&ﬁ; él@lg i .assenbl y

| anguage i nstructions g%gﬁgl olvi di ggggﬂ%aelaﬂ%%%?gﬁ%ﬁnﬁ{ge%%ﬁf the one or
nore predet dighepleyelpaosapmminglangwegeser abl y, the synbol will be a graphi cal
synbol . Preferably, the graphical synbol will include an el enent suggesting
the function of the two or nore assenbly |anguage instructions represented
by the grapHiCEMARNGHTHE DSFNEONESCRI PTI ON OF THE DRAW NGS The i nvention
wi |l now be A?_&&famgg_sd fikdd a&z’LﬂAE@ofﬁ@ﬁbe’en’é’ﬂx%ﬂﬁ&ﬁftﬁé@Bg:?oﬁ&’edtatlﬁetﬁm foPWi ng
figures in which: Figure I- shows an opening screen of a progranmming tool
accor di ng t d™MpPrRYing the effirienqyof pragrapmingjiyassembly langagrethe methoden used i n

confi guring ¥apHOMS cRRABHEREGHRr Bhd@ 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 ;e\ssembly 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



m crocontrol | er being programmed; Figure 3 - shows the ASSI GNMENT synbol

Wi th associated wi ndow, Figure 4 -. shows the CALCULATE synbol with

associ ated wi ndow, Figure 5 - .shows the CALL synbol with associ ated

wi ndow, Figure 6 - shows the RETURN synbol wi th associ ated wi ndow, Figure
7 - shows the GOTO synbol with associated wi ndow, Figure 8 - shows the
COUNT SKIP I'F O synbol with associated wi ndow, Figure 9 - shows the SET
symbol with associated wi ndow, Figure 10 - shows the SKIP | F symbol with
associ at ed WWOMBMSIBFi gure 11- shows the TI M NG syrrboIP‘W&lHZ/‘%’%m at ed

w ndow;, Figure 12a - shows a first screen of an exenplary program Figure
12b - shows a second screen of the exenplary program Figure 12c - shows a
third screen of the exenplary program_Figure 12d - shows a first screen of
subroutine "pip" of the exenplary pr og:? am WO 03/005183 PCT/ AU02/ 00871 4
Figure 12e - shows a first screen of subroutine "deI ay" .of the exenpl ary

. program abmhﬁwm&aassenﬁiyq SRAARELBEHE ProvidinS A bAIasEddhae tslel ay” of

t he exenpl aﬁ/ ﬁ;t@gram DETAI ED | PTI ON CF THE PREFERRED ENMBCDI MENT | n
accor dance Sk SN FHRFSPresteterRined pPEamAters: nvention, two or nore “"similar”

opcodes are associated wth a synbol (whether it be a text or graphic

synbol ) . ctio f the Sﬂ%EO , the nore specific operation of that
synbol may %@ﬁgéﬁ%gFﬁﬂnﬂpfﬂﬂvﬁﬁﬁF ?i%@&@ballable on that synbol. In this
way, every opcode grouped under that synbol can be accessed and caused to

performits_par t| cul ar operatl on. For_ exanp in one particul ar
m cr ocont r oPfefrably Shagraphical gyrahal wilbind a@%\mq&ftﬂt@tmse%\gth%ﬁm@rmoqu f,

CLRW MOVF {}g,twmmgrefm lwlguaggggﬁ.g&@gs‘\t:gregg@ed g; gﬁcaleach of these
opcodes is grooged under a ‘single synbol i ch fo ur poses of the

exanple is d "CRYSTAL". |If any of the above opcodes are needed, then
t he CRYSTAL synbol woul d be selected which then requires the entry of one

or nore paraneters. For exarr%l_]g, t hese paraneters could be either "f" or

"W'. A secoRREFDESHFBRIFAON QG THE PRAWRGShosen fromthe range of "0", "f",
"Woor "K' THdiSentioR i A6% bE HARLES in kb3S AHEE WSt &S B 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;



to above woul d becone: CRYSTAL f = 0, CRYSTAL w = 0, CRYSTAL w = f, CRYSTAL
f = w CRYSTAL w = k. The five separate opcodes referred to above have now
beconme a single instruction (synbol) plus two options. Wiile it is

possi ble for the synbol to be a text element, it is preferably a graphic
synbol having associated with it two drop down nenus containing various
options for the required paraneters. WO 03/005183 PCT/ AU0O2/ 00871 5 A
specific inplenentation of the present invention will now be described in
the form of WOPHWEBANMI ng tool designed to program a MCEAE¥EMR™ ol | er using
t he graphic synbol feature of the present invention. Now described is a
synbol - based progranm ng tool designed to replicate all the instructions
available in the Mcro chip 16F84 instruction set. It utilises w ndows and
drop down nenus in which all the information contained in a text
instruction can be entered and inplenmented on variables and literals.

Wi | e t he prigraife-showyatfint &rden ofdubloutine tdulsr bbbk exetiplat ppdgranf er i ng

i nstructions gnd data, it is still preferable that the programer have a
know edge of"™%t he register, nmenory and instruction set relative to the

16F84. The rwgmsmssh@ﬁ@lset:@d stfeen sfstibroliineXfdelay e piithe &@bhipldry progtach.ne group
of functions hidden behind each button. Figure 1 shows an opening screen 10

of the programm ng tool. Upon opening the tool, screen 10 appears show ng
vari ous symmmommmmmMnmmel ow I nstructions

Pt ogr am ng TATBHAI A AP S R EHe RS P BN o Start
synmbol 20 anfgesies Erdssoyiatediwitia syhibe] (Whktheis b/ RaVr grapRi gmsa) UpeRr esent the
ni ne main gr s of the de |nst ction Se‘%a of the 16 glFéroprocessor
The functi &ﬁlegf"né’ﬁﬂ'}‘f 8?‘%‘71 EnOz8 ApEd %°He§at’8§t° ihetgrmbal magbe selerfed e ow,
Summary of Sﬁammy &amﬁaavaﬂstﬁe&tmattsy%m Il tBs e SevieRjfopieb fratiBedREr and
control regi ettipgs. EndSignals end of programto the assenbler.

Assi gnnent olisany b argesprd a9 caped tonsriarm s B F‘Hé@ﬂ?éﬁt‘f”ébl e, deleting
and creating new vari ables. CalculateArithmetic operations, ie. add,

subtract, |laq conplenment, rotate, increnent, decrenent and swap.
call call su [og)ﬁafairrm_l:e,(.qmafh ar microcontroller, some of the opcodes available are as

follows:
CLRF £, CLRW, MOVEF £d , MOVWF {, 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 6 PCT/ AU02/ 00871 Count Skip if Olncrenent or decrenent
register (variable) - skip next instruction if the result is zero. GotoCo
to | abel or specified address. ReturnReturn from subroutine to next
instruction, return with literal inw return frominterrupt. Set /

Reset Set and clear specified register bits (variables). Skip IfTest
specified register bit (variable) - skip if set or clear. TimngC ear watch
dog timer, no operation and enter standby node (slee ). Before beginning

t he programm W@093/40§183 s necessary to configure the m cr F6GAUPHOSTRr  bei ng
programmed. This is done by double clicking on Start synbol 20 which brings
up the screen 11 shown in Figure 2. Fog introductory work, default settings
can be accepted however, port settings may need to be changed. These may
be changed by any conveni ent neans for exanple by placing the cursor on an
arrow and clicking, to change the direction of the arrow. The direction of
t he arr ovA spegific implementhti®t ofale pregenif inGéntion illihow bé désbabedin the fodche detail s
rel ating %o m cropt o eﬁafn gﬁgfigyration are t directly relevant to the
pr esent ‘?ﬁf@ﬁ?ﬁgﬁngﬁ O\ReFENe 3P PSR & piCeeatplier 4aps g grtRliC det ai | . Each of
t he synbadymbalXeitared$ theigrésefamveadonlescri bed more fully. Beginning with the
Assi gnment synbol 22 (see Figure 3), the synbol 22 is shown together with
a wi ndow 221 that is displayed to the user upon selection of synbol 22.

The Assi gNo®descaibétlioh sEiil Basetl peogéahithgGbollda@ghearth alligaté Al fHeSt 222 to the
variable in |I,st %ﬁé dn list 1 any one of the default or user defined
vari abl esTHEHEHRE & EPABM%W?“PW $4 inprectionpet It wilises windeweignd n the |ist;
user def i Mo dywh RRLES vitiéh AIR&IneGmANor (RLISANn a texf inbtr§dtion &PBE @i NS a
vari abl e other than register w, then the variable in list 2 nmust be O,

regi st er $HERd eimplgnenied gnjvapiables and lifgralp. 1 contains the register w, then
list 2 can contain any of the variables fromthe pull down |ist (produced

upon clicking on button 2%%, or any literal value (hex, dec, bin.). WO
03/ 0051 83While the programming s ols 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).




PCT/ AU02/ 00871 A conparison of the Assignnment synbol
m cr opr ocessor

| nstraet

variable to zero woclrwset wto zero w =vari abl e novf f;

instructions wth the
opcodes is shown belowin table 1. TABLE 1 Bitset

i onPl C Ustlnstructi onCorments/ description 12 variabl eOclrf fset
dset wto variable

vari abl evari abl eset variable to vari abl e vari abl e=wnovwf fset variable to

regi ster

d=destination (variable or
vari abl es carV®®Oifted in sever al
By addi ng and changi ng variables w thin conbo boxes.

w w knovl w kset wto literal
register w,
ways.

nunber or ASCII e. "A f--variable,
k=literal number or ASCI| New
By accessi ng PCKAUB887ons nenu.
Creating a New

Variable To create a new variable tlge New Vari able button 225 is sel ected

to display a vari abl e | i st vvi ndow (not shown). Variabl e nanes can be

added or—eha as—aesi-ed he—Caletlat-e—sviabel 25 (see -Eigure A\1 is

i nserte %‘fﬁ‘%ﬁ of a Eg:‘f“&‘ltﬁ‘gfmm%ﬂm?ﬁ%@?@mb ip pextusimction i e ey ecut ed.
] ot e ner-annant dacra

-al‘_ggsleog:' Goto at,lcr‘,- ; bl:UbL ﬁto’labe:otergs_';cciﬂ!ﬁeda Il :ﬁj:n:::u ; I‘I’I’;ELHL —aeee nt ZSiV\ﬁp

appear s ;Réqm ring ent rnggﬁﬂm\?]% i ““;em"ﬁ“é‘ﬁ@ffﬁ%'f f?%?‘““i’“&fr’@ﬂ(”z%ﬁ'mz 5) .

Dependi [%ef’fkd's&e OpeTal § g Edj qpb&ﬁ’eldr e s blé’s')- efitered—aceordingl v.

Li st 1- Vigyqd 85, AeSTT e gl Qiridd s o 5 (Vhaiabie) — U35 i sck b ey eV

iser dof g e o S ORI e, o ki ol MR o

literal value (operand) being used to operate on the w register

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.
‘o Iflist1 con’taiﬁs 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.).



ie. as with add, subtract and |l ogic operations. Wth instructions in which
the operation is only on a variable, then nothing is entered in the List 2
conbo box. ie. conplenent, rotate and swap operations. List 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 operations available are those . involving
bit “mani pul atW@meHssa gi ven register. ie. Flip, Swap, RETAURHBYE |eft) 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 increnment and, decrenent instructions a 1 is
entered. The instructions chosen in (L?sts 1, 2,&3), wll govern the
options available in List 4. If List 2 1is selected " If Lists 1 &2

contai n def Moh‘tphﬂ@in&ifﬂieﬁA@i’gnﬂﬁﬁﬂ’ bl insteuctiohd wiEh 8% mi becesbd'nst 4 can only
contain reglst W or Hé 83 PCT/ AU02/ 00871 9 If List 1 contains
the regi stefP ﬁ?e 8 ghquLk d %.ns either the user defined or default

vari ables, then List 4 can only confapug1 egister wor 1. If List 2 is not
sel ected If List 1 contains the register w, then List 4 can contain any
variable fromth of I stiiexcept register w.or.T. List 1
contains a vari able<et than Brrectpar i abl e guamagtyl desctpion, Lisp 4 nust
contain the sane hepEeag AR St —the—€a{ cul ate synbo
instructions wth[ike 8s3enbl y [Ewmnguagesedto zeloNE 111 CT OPT OCESHOr opcodes i s

shown bel ow i n tapl & 2| =TABlg: Sy Pl [t i ons Li st Co| urmsPl CComment s

and descri pt ion variable variable set variabls to variable
varinble w movwf f set variable to registerw
w k moviw k set w to literal number or ASCII (a.2. "A")

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

New variables can be added in several ways.
e By accessing the options menu.

¢ By adding and changing variables within combo boxes.

Creating a N ew Variable
To create a new variable the New Varlable button 225 is selected to display a vanable

list window (not shown). Va.nable 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 1-1is the destination of the operation. This will either be the w register
or the variable (register) being operated on (either default or user defined).



1 =2 3 4instruction Arithnmetic Operations variabl e=Vari abl e+t\\addwf f dAdd w
and variable to variable w=Vari abl e+\V\addwf fdAdd w and variable to w

vari abl e=Vari abl e- Wubwf fdSubtract w from variabl e w=Vari abl e- Wsubwf
fdSubtract w from vari abl e w=K+Waddww kAdd literal and w w=K-Wubl w
kSubtract w fromliteral variabl e=Variabl e+lincf f,dAdd variable by 1
w=Vari abl e+li ncf fdAdd variable by 1 variabl e=Vari abl e-1decf fdSubtract
variabl e by 1 w=Vari abl e-1decf f,dSubtract variable by.1 Logical erations
var i’ abl e=Var i1 or wf  f dl ncl usi ve OR w wi th vari abPEVNEYABT1ab| e ORW or wf
fdlnclusive ORww th variable w=KORW orlw kclusive OR literal with w

vari abl e=Var i abl eXORWor wf fdExclusive OR w with variable

w=Var i abl eXORWkorwf f dExclusive OR w with vari abl e w=KXORWkor | w kExcl usi ve
OR literal with w variabl e=Vari abl eAN ndwf fdAND w with f

w=Var i abl eANDWAndwf fdAND w with f w=KANDWANdl w KAND literal with w Bit

Mani pul ati ons WO 8st2odhe waiable opliteralvelne (Rpsmand) being used to operate on thew :
vari abl e( bl ank) Flbd&)agr i abl econf fdConpl enent vari abl e w=FLI PVari abl econf

f dConpl enent vari abl e vari abl e=>>Variablerrf f dRotate right variable
through carry w=3svapithprdspbiract amblogiceperations. vari abl e through car Ty

vari abl e=<<Variablerlf f dRotate left variable through carry w=<<Vari abl eC*

f dRotate |eft vafiabl throu y _var.i abl SV\APVarl a pf f dSwap
first 4 bits V\/lt;Wﬂil gﬂ %\‘/é&'ﬁ%?‘??ﬂlé ﬁf‘af"aa%g‘ef‘ﬂ 8 bits with
|l ast 4 bits is entered in the L13t2combo-box.

ie. complement, rotate and swap operations.

e 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) anid >> (rotate right).

o 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 : ' i
If Lists 1 & 2 contain default registers or user defined variables, then

List 4 can only contain register w or 1.



f=variabl e, d=destination (variable or register w), k=literal nunber or
ASCI | The Call synbol 23 is shown in Figure 5 together with a subroutine
wi ndow 231 which appears upon sel ection of call synbol 23. The Call synbo
23 is used to tell the programto go to a specified Subroutine (not a
Label ). When a particular subroutine is invoked by using the Call synbol
23, a Return will always be executed to return to the main program and
continue with the execution of the next synbol after the Call synbol. A
speci fic subr Woopps18%ay be sel ected by clicking on but t RGT/AUBZ008di ch wi | |
display a Ilist on a pull down nenu (not, shown) of all subroutines
avai l abl e. A new subroutine nay be added by typing the nanme of the
subroutine in the w ndow 233 and clixking the "Add Subroutine" button 234.
A comparison of the Call Synmbol Instruction with the mcrocontroller

assenbly instructions.is sho bel ow in table 3. TABLE 3 Synbol -
| nstruction ListPI&PﬁﬂgﬁPﬂ@FFgﬁﬁﬁﬁﬁ%ﬁW§m§ t 4 sapsingitherthe 48881 out i ne) Cal

kcal | subroutine bylefirditdr defaalt®iridMsOB VNG UGN BAIY condRid rEfistériw 1. The Return
synbol 26 is shown in Figure 6 together with the w ndow 261 that is

di spl ayed upon sel ection of Return synbol 26. The Return synbol 26 tells
the programto ret &f hist ismotselegted program froma subroutine. The Return

synbol can only beyj r o] ' e, tion 1-.4f nothing is
entered or selecte %&?%&ﬁf%ﬁ%%ﬁg&%8°n|%%arrl}éﬁrba§le default will
return to the execdtomthepill dben listiemcegt mgisterw o®pt i on 2 - |f List 1(262)
contains register wand List 2 (263) contains any literal value, when the
return to the main_programtakes place the value in List 2 is copied into
the w register. Oﬂﬁ’ﬂ% ogntaing g varighle.othey thanghe yagigbleay thes thelisid ed from t he

pul | down |ist. ThemBEetdHtdin eEhat vadbisiRer deleted if it is the only
Return synbol in the Subroutine page. The Return Synbol Instruction set-is
conpared wit the mcrocontroller assenbly

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 T & Instruction
Arithmetic Operations
variable | = | Variable + \i' addwf fd | Add w and variable to variable
w = | Variable 4 W addwf fd | Add wand variabletow :
variable | = | Variable - W subwf fd |} Subtract w from variable
w = | Variable - W subwi fd | Subtract w from variable
w = K + w addlw k | Addliteraland 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 s
variable | = | Variable | OR w iorwf £d | 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 | ANDw with f
w = | Variable | AND W andwf fd | ANDwwith{
w = K AND W andlw k | AND literal withw
Bit Manipulations -




I nstruction set in table 4 below TABLE 4 Synbol Instruction List
Col umsPI C I nstructi onComments and description 12 (bl ank) =l ankRet urnreturn
from subroutine w=kRetiw kreturn with literal in w
i nterrupt=(blank) Retfiereturn frominterrupt WO 03/005183 12 PCT/ AU02/ 00871
The Goto synbol 24 is shown in Figure 7 together with w ndow 241 whi ch
appears upon selection 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 subrouti ne. WFBRH#0HBHgr am counter junps to the addresSCHEAUIRKBISpeci fied

Label and then continues to execute programinstructions fromthat address
onwards. The required Label to whichH0the program should go to may be
selected fromthe pull down list (not shown). Wien a Goto synbol is added
to the | Variable r=aNblafl) 1Y FLIRD &1 Varidle || AoREl fld11] Codepidient varidBid 91 anm cam he -
sel ected|from t Ne[pul"l doOwnIPl I} S¥ariabl1€ tomf Al [OCompPleEnt vaslabidded [0 a
subrout i Nevariablé | dlabel s [desd ar| evhriable T Nerf SREOT ORBrdtd Wz ht FRHbIDBIoEh edriycd | f F OM
the pul | [down Tilst]. Wt Hi N> 9 Nurmahlé i| Nerf PR | Rotdright varahlothrd@h bRty D¢ used

a2

rH

i f no Lalpevarilse | ar'ed.] Accor 1o Qff fide] Rebitdlefoydrabik thkdih Ed#8f 1 O set
with the|n cwoc rol"l er| asseryiWayiable NS ¥ UL | [RbtA€left voiablethratigh cdrfy T ahl e 5
bel ow. TABydEaBle S\atbol” | nSIWAR t| | aniable § swapgd| 4.dSab Grst Hbits ldspgignment s and
descri ptilon w(L | _flang) AR | Képpiable | lswipd| f AT BvaGditand bifsharith ldstaisuct i on 28 i s
shown in Figure 8 together with its associated w ndow 281 allow ng

vari abl es t ofirielle dr-destingtiong(gatiabixchr rajRtd 3v)16ditdal ndtabedQICAIN87 1

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 *

listona pu11 down menu (r__tot-_ si,hown) 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 assémbly
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)




13 The Count Skip synbol is used to nmake the program counter junp the next
instruction (synbol) if the result of either a decrenent or increnment 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 nust be the variable being operated on or
w the working register. List 2 (283) is the variable being operated on.

List 2 nmust be the sanme as (List 1) except if the destination is wie. the
wor ki ng regi swepsjoosigsst 3 (284) allows the choice of ei PheAURI7i ncr enent or
decrenent operations (+/-). A new variable can be created within this

w ndow. However the Assignnment process nust be used to give a value to the
vari abl e. A conparison of the Count Skip Synbol Instruction set with the

m crocontroller assenbly instructidh set is set out in table 6 bel ow
TABLE 6 Synbol Instruction List ColumsPIC Instructi onCorments and

descripti Refin i i + f di i £, skipif zero
vari abl evrg{réi abl eié%%:(?}?é%;égg@?{ew%&%l aegwel;ﬁﬁ%%%a?%aéietﬁgélgzvari abl e,
d=dest i nadisphayed upen seldcoroef Rebuynsymabol 8§, k=l i teral number or ASCI| The
Set / Reset symbol 27 is shown in Figure 9 together with associ ated w ndow
271 which is activated upon sel ection of synmbol 27. WO 03/005183

PCT/ AUO2/ TheReturn 4ymiba 26tells Rreprogramitdrmiurs Yo the madrepkopmansfeém@on) or to dear

(off) a ps%;oh&{é ar bit in either a default or user defined variable. List
1(272) drop dowi nenu all ows choice of the variable to be operated on. This
may be either a default or user defined variable. List 2 (273) allows the

required Rjty.l iabhle to .chosen.. List 3 (274) allows the bit
chosen toﬂ%&te@%ﬁ%&é%ﬂ%ﬁyﬁ%%&?&%ﬂ OUtREPABS must be chosen before
List 3. A new variable can be created within this w ndow. However the
AsS| gnne%ptpgnqc-el?ﬁo&u%%[enpeere&l 518 egtgd g'!'.)r\r/&hg' pﬁla cllolilwen ltm?s, theprggargrln%?fl €.

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 inw
interrupt | = | (blank) Retfie return from interrupt




A conmparison of the Set/Reset Synmbol Instruction set with the

m crocontroller assenbly instruction set is set out in table 7 bel ow.
TABLE 7 Synbol Instruction List- ColumsPIC Instructi onConments and
description 123 variable(Bit 0-7)ONbsf fbset variable bit variable(Bit

0- OFFbcf fbdear variable bit The Skip If synbol 30 is shown in Figure 10
together with its associ ated wi ndow 301. The Skip If synbol 30 is used to
make the program counter junp the next instruction (synbol) when the
result of a speevopdigsd variable bit is dear or set. Thi copenatston is used
as a testing tool. An exanple would be the testing of a swtch to determ ne
whet her it is open or dosed. WD 03/005183 PCT/ AU02/ 00871 15 List 1 (302)
provi des the selection of default or user defined variables fromwhich to
choose. List 2 (303) allows the reqdfred bit in the variable to be chosen. .
List 3 (304) allows the bit chosen to be set (1=on) or reset (0O=off). List
2 must b ?Iﬂpﬁf | RS : ; i wWithin this
Wi ndow. eH%hmﬁg}rag e Kggsﬁsh%rvrﬁegrﬁﬁ roc7:ess w&?%ﬁ?&%ﬂﬁgﬁg val ue to the
var i abl e. upongelegtioniof symlefl 2¢.he Skip |f Symbol Instruction set with the

m crocontroller assenbly instruction set is set out in table 8 bel ow
TABLE 8 Synbol Instruction List ColumsPIC InstructionConments and

descri pt i The GO® symbolatreed B tell the praguamite go toist specifiedlabelintheabl e, ski if set
vari able(Bit  0- 7). ' [ 1.0 s The Tim ng
symbol z9Pf°§"§?%*)m‘ng?fﬁ*sﬁ%ﬁ°§9ﬂ“‘{*§§%‘fﬂe Wi ic%c“é’k?‘hg?lé%‘&g g’?ﬁé&j wi ndow 291.
VWhen t he Fddressef ywepesifiedd.abel andihen tadingesto exkswteiprogiamyinsiiyedongi t h t hr ee

opti ons ayal| ARl fires Y A 1 ON

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.



Cl ear Watchdog ti ner Sl eep No operation - no function is carried out
except that the program counter advances by one cycle. W 03/005183

PCT/ AU02/ 00871 16 C ear Watchdog tiner - dears the watchdog tinmer. This
instruction is only used if the watchdog tinmer is set as part of the
initialisation process. Sleep - power downs the processor and stops program
execution until an interrupt is received. Froman external reset input on
the MCLR pin. Interrupt from RBO INT pin, RB port change. A comparison,of
the Ti m ng Swdmokosisast ructi on set with the m crocontrobéesvozi@ssenbl y '
instruction set is set out in table 9 below. TABLE 9 Synbol InstructionPlC
I nstructionComents and description No operati onNopno operation C ear watch
dogC rwdt dear t he watchdog tinmer Sl eepSleepgo into standby node Wil e not
one of the main instruction synbol s13| abel symbol 31 (see Figure 1) may be
used to | abel subroutines. The paste text w ndow 32 (see Figure 1), allows
a source I ; i Lt inserted into the
program %@%ﬁggﬂﬁg@b&gﬁﬁ%ﬁ% e%greo%?%foggke%g[mégf %f)tr ovi ded. This can
al so be unetruction (spobobyif theresudirof eithqyacigeramentyo érceenmabofentagiabland expl anat i ons

can be i : ' t 1.ng, of .a_program Wen

i nserti ng(§ %E)%tr%gﬁ%@?sq?#e}oboter& %;gorgﬁgg{d}s%ggsﬁgaogggﬁV&ﬁ‘%’“&%@?ﬁ -colon (;)
to avoi d creatimgitimetdelars)er rors. W ndow 33 on Figure 1 allows subroutines to
be selected and edited. As subroutines are added to the main program the
nane of each subroutine is added to a drop down nenu which can be reveal ed
upon cl i ckistrig282) istthedastinatioarof the opératibmalelmast be W vadARIObdig PCT/ AU02/ 00871
17 An ex oqr will. now.be presented to illustrate the use of the

pr esent aégr%%/agﬁflno%.‘g%éméssé%ﬁﬁsgeﬁ anguage opcodes for a programto turn on
at random one

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 Assigrmetlt 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 fd decrement variable, skip if zero

i f=variable, d=destination (variable or regis.ter 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.



of six LED s connected to a m croprocessor, is shown in Appendix A The
programis witten in the traditional manner using nornmal assenbly

| anguage opcodes. Using the tool kit of the present invention, the entire
program (shown i n Appendi x A) can be constructed using the synbols shown
and specifying their various paraneters. Figures 12a to 12c show screens
containing the main program Figure 12a shows page 1 of 3 show ng synbol s
1 to 15 which are selected fromarea 101 on screen 10, and selectively
pl aced in arewod@@&18i nply by draggi ng the sel ect ed synbowauvobiogur e 12b shows
page 2 of 3, being synbols 16 to 30 and Figure 12c shows page 3 of 3,
bei ng synbols 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 wilthin the main program Appendix B shows
a nore detailed version of the effect of the programshown in Figures 12a
to f for iel ' I pggg i - .. rogram the

pr ogram i'l';l-l csggn%iéslae?\ﬁg’r?gwngﬁﬁmg%v(\%)ga e ﬁ@%%ﬁ %h%ﬂ%%tc%n%rleglal er by any
sui t abl e $fflor uger dgfined vasiableovi ding a far nore efficient way of

progranmm ng m crocontrollers and mcroprocessors, due to its sinplicity,
the invention also allows children and students to experience programm ng
ni cr ocont g1 (872 deppglowrnemernpt dllows siwies of irevarinble triteioperatetlooyEhigyr aphi cal and
intuitiv : ] i | S jer to learn than having to nenorise
many opcg%llg}g% 03 0%%@?(#&%%%71 18 It wll be appreciated that

t he above has been described with reference to a particular enbodi nent and
t hat manyy sya Elﬂﬂ% £ i be made within the scope of the
pr esent ilﬁlgtée%l(t%zn. ot?@%%@rr%iél?ﬁltq&éeQ%%B@ggh%éwﬁeé‘én described in relation to
a specific mcrocontroller (namely the 16F84 mcrocontroller), and
accordi ngj; j inStruct| 111, pe rticular to that
m cr opr ogieﬁs{tssfj(?g) F]?Jv?/\%tﬁ%%gl oﬁ%ﬁ@ﬁtgts%té{@}oﬁ%m%e? é?lw' }ﬁ?ﬁuo‘%ggﬁﬁessor S may use
di f f er entchependefore Hett%: uct i ons and accordingly, the grouping of opcode
instructions to synbols may be different to that disclosed herein to cater
for the particular m croprocessor being used. Furthernore, additi.onal

synbol s t4& newyariabliecapbe loredtet evidimthivayindev Jowvertite Aesigmitet pfoagssan expanded

opcode i f5lbHGLdaI0 gREhvallPi P WRARES PCT/ AUD2/ 00871

A comparison of the Set/Reset Symbol Instruction set with the microcontroller
assembly instruction set is set out in table 7 below.

i

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 £b clear variable bit

The Skip If symbol 30 is shown in Figure 10.t.ogether 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.



APPENDXX A 19 LI ST p=16C84,r=DEC ; Put assenbler into Pl Cl6C84 node. r=DEC
means deci mal nunbers are assuned if "B or 'h' not specified. include
"p16f84 | nc -**************mclare Varl abl es************************ X equ
12 freq equ 13 y equ 14 fcycle equ 15 deltimequ 16
pRxExExkxAAIEXA | Initialise interrupt subroutine*****x*x**x* gotg 5 ORG 4 goto
i nt errupt mG 5 ;**************l nl t | al | se PortS*************************
._idlocs He84a' CONFIG B 11111111110011" MOVLW B' 10001111' OPTI ON CLRF
PORTA 'MOVLWM? §6%18111° TR S PORTA CLRF PORTB MOVLWPEIHBOBO00' TRIS
Pm‘rs ;**************Start d Ival n PrOgram******************* Start IVbde
1 : Random LED s ; Random LEDs on button Press: ;Light chases down 6 LEDs,
sl ows and stops randomy. nodel |

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 Columns PIC Instruction Comments and description
1 2 3 : '
variable | (Bit 0-7) | ON bifss b’ 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.




nmvliw 6 ;w=6 nmvwm X ;x = w bsf PORTB,5 ;PORTS Bit 5 ONm call pip
clrf freq bwait noviw 2 ;freq = 0 ;w =2 WO 03/005183 PCT/ AU02/ 00871 cal l
delay btfss PORTA 4 goto bwait Spin LEDs novlw 255 novwf freq | oopon
bcf STATUS, O ; STATUS Bit 0 OFF >> PORTB rrf PORTB, f; PORTB = novlw 2;w = 2
call dela bcf y ; STATUS Bit 0 OFF rrfSTATUS, O ;freq =>> freq freq,f btfss
PORTA, 4

' WO 03/005183 - PCT/AU02/00871
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Clear Watchdog timer ~ clears 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.

e 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 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 ina
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 dlicking on the down arrow of window 33.



;1T PORTA Bit 4 ON Skip Next gotom decfszx,f;x = x -1, Skip Next If Zero
goto | oopon ;w =6 novlwe nmovwf x ;x =w 6 ON bsf PORTB, 6; PORTB Bit novlw 255;
w =255 movwf freq ;freq= w goto | oopon goto $ 20 ;If PORTA Bit 4 ON

Skip. Next ;w= 255 ;freq = w ; Safety Caching Loop
**************Subroutines****************************** plp ITDV|W20 ITDVWf
freq nmoviw 50 <call delay noviw 10 novwf freq noviw 40 call delay

movl w 40 novwf freq :
' WO 03/005183 PCT/AU02/00871
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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 12¢ 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 éhows a more detailed version of the effect of the program shown in
Figures 12a to f for illustrative pﬁrposes 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 programmiﬁg which is far easier to learn

than having to memorise many opcodes.



nmovliw 60 ;w =20 ;freq= w ;w =50 ;w =10 ;freq= w ;w =40 ;w =40 ;freq= w ;w
=60 call delay retlw O ;w= 0 delay DELAY SUBROUTINE ----------------
DELAY - delays by (0.5 seconds * (working register)) and sounds buzzer
Del ay | oaded from Wnovwf deltim;deltim=w clrf y ;y =0 novf freq,w ;w
= freq btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next nmoviw 1l ;w = 1 novw
fcycle ;fcycle = w |oop novf freq,w ;w = freq btfsc STATUS, 2 ;If STATUS
Bit 2 OFF Skip Next goto sksnd WO 03/005183 novlw B 1000 decf fcycle,f
bt f sc STATUSWD 03005t84f PORTA, f sksnd PCT/AU02/00871
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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.



novf freq,w novf fcycle,f Dbtfsc STATUS, 2 novwf fcycle decfsz y,f goto
| oop clrwdt decfsz deltimf |If Zero goto loop retlw O interrupt retfie
PCT/ AU02/ 00871 21 ;w = B 1000 -;fcycle = fcycle - 1 if STATUS Bit 2 OFF
Ski p 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 ; C ear Wt chDog
;deltim= deltim-1, Skip Next ;w= 0 ;Interrupt End WD 03/005183

PCT/ AU0O2/ 00871 22 APPENDI X B Icon # 1 Label Start lcon # 2 Paste Text Code

© Mode 1 : RanWOH3088p S PCT/AU02/00871
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APPENDIX A
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£84.inc*

;**************Declare Varia_bles**************i*****i*l\'*

x equ 12
freq equ 13
N equ 14
fecycle equ 15
deltim equ 16

pruwkdkkkekr*x*Initialigse interrupt subroutine**®* ¥k *iks

goto 5

ORG 4

goto interrupt
ORG 5

;**************Initialise Ports*************************
. 1dlocs H’e84a’

_CONFIG  B’11111111110011°

MOVLW Br10001111°
OPTION

CLRF PORTA
MOVLW B’00010111°
- TRIS PORTA

CLRF PORTB
MOVIW B'00000000”
TRIS PORTB

;**************Start Of Main Progran\********************

Start
; Mode 1 :Random LED‘s

.
] eSS EREEEEESEERRERER

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

model '

movlw 6 ' iw = 6

movwf x X = ow

bsf PORTB, 5 ;PORTB Bit 5 ON
ml

call pip

clrf freq ;freq = 0
bwait

movliw 2 woo= 2



; Random LEDs on button Press: ;Light chases down 6 LEDs, slows and stops
random y. |con #3Label nodel |con #4Assignnentw= 6 |con #5 Assignnent X
lcon #6 Set PORTB = w Ilcon #7 Label ml 5 ON Icon #8 Call pip = 0 Icon
#9Assi gnmentfreq I con #10 Label bwait = 2 Icon #11Assignnentw I con #12 Call
delay Ilcon #13 Skip If

WO 03/005183 ' PCT/AU02/00871
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call delay
btfas PORTA, 4 ;If PORTA Bit 4 ON Skip Next
] goto bwailt -
; Spin LEDs
movlw 255 w o= 2585
movwf freqg sfreq = w
loopon
bcf STATUS, 0 ;STATUS Bit 0 OFF
rrf PORTR, £ ;PORTB = >> PORTB
movliw 2 w o= 2
call delay
bcf STATUS, 0 ;STATUS Bit 0 OFF
rrf freq,f ;freq = >> freq
btfss PORTA, 4 ;If PORTA Bit 4 ON Skip Next
goto ml
decfsz x, £ ;X = x -1 , Skip Next If Zero
goto loopon
movlw 6 iw = 6
movwf x X = W
bsf PORTB, 6 ;PORTB Bit 6 ON
movlw 255 jw = 255
movwf freq ijfreq = w

goto loopon

goto $ ;Safety Caching Lioop

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

pip
movlw 20 iw o= 20
movwf freqg ifreq = w
movlw 50 iw = 50
call delay
movlw 10 ' iw o= 10
movwf freq : ifreq = w
movlw 40 jwo= 40
call delay '
movliw 40 ;wo= 40
movwf freq ifregq = w
movlw 60 w o= 60
call delay
retlw 0 iw=0
delay

; DELAY SUBROUTINE

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

movwf deltim : jdeltim = w .
1 clrf y 3y = 0 ’

movE freq,w ;sw = freq

btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next

movliw 1 iw o= 1

movwE fcycle ;fcycle = w

loop
movf freq,w iw = freq
btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next

goto skand



PORTA 4 ON Ilcon #14 Goto bwait ; Spin LEDs |Icon #15Paste Text Code |con
#16Assi gnnment w= 255 | con #17 Assignnent freq = w |con #18 Label |oopon O
OFF ORTS Icon #19 Set STATUS >>-lcon #20Cal cul at ePORTB e | con
#21Assignmentw= 2 lcon #22 Call delay 0 OFF 1con #23 Set STATUS >>freq

. * . . ' E
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movlw B/1000°’ jw = B’1000”
dect fcycle,f ifeycle = feycle - 1
btfsc STATUS,2 ;If STATUS Bit 2 OFF Skip Next
xorwf PORTA, £ ;jPORTA = PORTA xor w
sksnd
movi freq,w iw = freq
movE fcycele,f ;fcycle = faycle
btfsc STATUS, 2 ;If STATUS Bit 2 OFF Skip Next
movwf foycle ;feycle = w
decfsz v, £ i¥ = Yy -1, skip Next If Zero
goto loop
clrwdt ;Clear WatchDog
decfsz deltim, £ jdeltim = deltim -1 , Skip Next
If Zero
goto loop
retlw 0 iws=20
interrupt
retfie ;Interrupt

End



| con #24Cal cul atefreq - Icon #25 Skip if PORTA 4 ON Icon #26CGotonl | con
#27Count Ski pl fOx =X. -1 Icon #28 Goto | oopon = 6 |con #29Assi gnnentw | con
#30 Assignment x = w lcon #31 Set PORTB 6 ON |con #32Assi gnnent w= 255

| con #33Assignnmentfreq= w WD 03/005183 PCT/ AU0O2/ 00871 23 Icon #34 Coto

| oopon |1con #35 End End

WO 03/005183 ' o " PCT/AU02/00871
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APPENDIX B
Icon # 1 Label Start
Icon # 2 Paste Text Code ; Mode 1 :Random LED’s

. =
7

;Random LEDs on button Press:

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

Icon #3 Label model

Icon #4 Assignment w = 6

Icon #5 Assignment x = w

Icon #6 Set PORTB 5 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 POR’fA 4 ON

Icon #14 Goto bwait

Icon #15 Paste Text Code ; Spin LEDs

Icon #16 Asgignment . w = 255
) Icon #17 Assignment ffeq = w

Icon #18 Label loopon

Tcon #19 Set STATUS 0 OFF

Icon #20 Calculate PORTB = >> PORTB

Icon #21 Assignment w = 2

Icon #22 Call delay

Icon #23 Set STATUS 0 OFF ._

Icon #24 - Calculate freq = >> freq .

Icon #25 Skip If PORTA . 4 ON

Icon #26 Goto ml

Tcon #27 CountSkipI£0 X = x* -1

Icon #28 Goto loopon

Icon #29 Assignment w = 6

Icon #30 Assignment x = w

Icon #31 Set PORTB 6 ON

Icon #32 Assignment w = 255

Icon #33 Agsignment freq = w



Subroutines : pip subroutine pip O Icon #1 Assignnentw |Icon #2 |con

#3Assi gnnmentfreqw | con #4Assi gnmentwb0 [ con #5 Call delay 10 Icon

#6Assi gnmentw | con #7Assi gnment freqw i con #8Assi gnmentw40 | con #9 Call

del ay 40 Icon #10Assi gnnentw | con #11Assignnentfreqw I con #12Assi gnnment we0
I con #13 Call delay O Icon #14Returnw Subroutines : delay |Icon #1
subroutine delay Icon #2 Paste Text Code ; DELAY SUBROUTI NE
------------------- DELAY - del ays by (0.5 seconds * (working, register))

and sounds h¥eAP0SIERG| ay loaded fromw PCT/AU02/00871
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Icon #34 Goto 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 Assignment w = 10
Icon #7 Agsignment freq = w
Icon #8 Assignment w = 40
Icon #9 Call delay

Icon #10 Assignment w = 40
Icon #11 Asgignment freg = w
Icon #12 Assignment w = 60
Icon #13 Call ' delay

Icon #14 Return w = 0

Subroutines : delay

Icon #1 subroutine delay

Tcon #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 = w
Icon #4 Assignment " = (o]
Icon #5 Assignment w = #66
Icon #6 Skip If STATUS 2 OFF
Icon #7 " . Assignment w- = 1
Icon #8 ‘Assignment fcvcele = w
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 #3Assignnentdeltim=w | con #4Assignnenty =0 | con #5Assi gnnmentw =#66

| con #6Ski p | fSTATUS 20FF | con #7Assignnmentw -. =1 |con #8Assignnentfcycle

=w | con #9 Label |oop #66 |con #10Assi gnnentw = | con #11Ski p | fSTATUS 20FF

| con #12 Goto sksnd B 1000' |con #13Assignmentw = WD 03/ 005183

PCT/ AU02/ 00871 24 |con #14Cal cul atefcycle =fcycle -1 Icon #15Ski p

i f STATUS20OFF | con #16Cal cul at ePORTA =PORTA xorw | con #17 Label sksnd =#66

| con #18Assi gnmentw | con #19Assi gnnment f cycl e=#64 | con #20Ski p i f STATUS20FF -
| con #21Assi gHeE¥PTI8ycl e=w [ con #22Count Ski pl f Oy =y-1 |REFHAULPRIbt ol oop | con
#24Ti m ngCl ear Wt chDog | con #25Count Ski pl fOdeltim =deltim1
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' Icon #14 Calculate fcycle = foycle - 1
Icon #15 Skip If STATUS 2 OFF
Icon #16 Calculate PORTA = PORTA xor w
Icon #17 Label skand
Icon #18 Assignment w = #66
Icon #19 Asgignment fcycle = #64
Icon #20 Skip If STATUS 2 OFF
Icon #21 Assignment fcycle = w
Icon #22 CountSkipIf0 N = N -1
Icon #23 Goto loop
Icon #24 Timing Clear WatchDog
Icon #25 CountSkipIfo deltim = deltim -1
Icon #26 Goto loop
Icon #27 Return w = 0
Subroutines : interrupt
Icon #1 subroutine interrupt

Tcon #2 Return interrupt =



| con #26 CGoto | oop =0 Icon #27Returnw Subroutines : interrupt Icon #1
subroutine interrupt Ilcon #2 Return interrupt =1 | WO 03/005183 25 TIC
CLAI M5 DEFI NI NG Tl C | NVENTI ON ARE AS FOLLOAWS: PCT/ AUO2/ 00871 1. A net hod
for inmproving the efficiency of programm ng in assenbly |anguage, the
met hod conprising groupi ng together under one synbol, two or nore assenbly
| anguage i nstructions such that selection of that one synbol, together with
one or nore.predeterm ned paraneters, defines one of the two or nore
assenbl y | angd@gosiphst ructions. 2. A net hod accor di ng rag/A®bzmost 1, wherein
the synbol is a graphical icon. 3. A nethod according to claim2, wherein
the synbol includes an elenent indicating the function of the two or nore
assenbly | anguage instructions. 4. A tgé)l kit for creating a programin
assenbly | anguage for a m croprocessor;~ the tool kit conprising a user :
interface prQu di | ity of synbols, at - |east one of
whi ch repreﬁmlméqM?g%ﬁ%pﬁég%ti ons grouped under
that synmbol, such that selection of that synbol, together with one or nore
predet erm ned paraneters, defines one of the two or nore assenbly | anguage
i nstructi ong* gr odFEthodfacimprering &y sifisiencysef progremming in agsemblydangyage cl ai m 4
wher ei N uponhs@kwed b&ﬁprﬁnﬁiébﬁbﬁé tolg@lﬁx?:turmapon 81, twcamq%grtre aés?. onpted to
e 00

enter val uei relating to t one or nore paraneters. 6. It

accordi ng t CTEHYBIRETISHORY syfinihatpelsetian of fwas pag symtieb tagetitsowvithoneor gr aphi cal

icon. 7. A tRekplddbtenfined fhrashelers, @ﬁb%&of%'&ﬂ@aﬁ%fim?&%eUdes an
enply Targ

elenment indicating the function of the two or nore ass uage
i nst ruct i ondnstructions.

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 asseﬁxbly 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.



WO 03/ 005183 PCT/ AUO2/ 00871 26 8. A tool kit according to any one of clains
4 to 7, wherein a plurality of synbols may be selected together with
respective predeterm ned paraneters, to provide a programfor programi ng
a mcroprocessor. 9. A nethod of creating a programin assenbly | anguage
for a mcroprocessor, the nmethod conprising; selecting at |east one of a
plurality of synmbols at | east one of which represents two or nore assenbly
| angyage instructions such that selection of that at |east one synbol

t oget her w t W@#H®0B# nore predeterm ned paraneters, defPCHaAENZE¢8A of the two
or nore assenbly | anguage instructions; and providing a value relating to
each of the one or nore predeterm ned paraneters. 10. A nethod according
to claim9, wherein said at | east one Qg said plurality of synbols is a
graphical icon. 11. A nmethod according™to claim 10 wherein; said at |east
one synbol includes an elenent indicating the function of the two or nore
assenbl y IaBguag@tdohkita@otdm‘g‘lSanianedkmﬁ%&éﬁid}ﬂuﬁﬁt}rfww of clains

9to 11 further ec urality of said synbols t oget her
with respecti¥e eﬁ%g%é‘i té’g ?fev&hb‘?ff%‘?&eeﬂ’% ?f““?ﬁdd%;f' aReters, §0 BRGVISRAT or
pr ogr ammi ng peogrint f@programatiig 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 Whereini: said at least one symbol includes an
element indicating the function of the two or more assembly languége 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.



