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Abstract

This report presents MYBUG, an experimental programming language and compiler framework,
resource-limited microcontrollers. The project evolved from the earlier CERES compiler and investigates
whether modern embedded software can be developed using a fully transparent compilation chain in
which every transformation step remains observable and understandable.

Unlike many conventional development environments, where substantial portions of the software
generation process occur behind abstraction layers that are largely invisible to the programmer, MYBUG

emphasizes transparency, traceability, and explicit code generation. Programs are translated through a
sequence of intermediate representations, including iCode and .Code, before being converted into native
assembler. Each stage is intentionally exposed to the programmer, enabling detailed inspection of the
generated software and facilitating formal reasoning about program correctness.

A central contribution of the project is the introduction of a recursive macro machine capable of
synthesizing complex operations from a comparatively small collection of processor-width primitives.
Arithmetic operations such as multiplication, division, modulo, and square-root calculation are generated
automatically for multiple integer widths without requiring separate handwritten implementations. This
approach significantly reduces the amount of architecture-specific native code while preserving portability
across target devices.

The report describes the language design of MYBUG, its type system, memory model, intermediate
representations, compiler architecture, and code generation mechanisms. Particular attention is devoted
to the distinction between compile-time and run-time concepts, the transparent construction of arith-
metic primitives, and the relationship between high-level source code and the resulting native instructions.

To evaluate the practical applicability of the approach, the compiler is applied to the PIC16F13145
microcontroller mounted on Microchip’s Curiosity Nano development board. This contemporary device,
introduced more than twenty years after the PIC16F88 used in earlier experiments, provides an opportunity
to assess whether the transparency-oriented principles of MYBUG remain viable on modern embedded
hardware. The results demonstrate that a comparatively small and understandable compiler infrastructure
can generate functional firmware for contemporary microcontrollers while maintaining a high degree of
traceability throughout the software generation process.

History:
• Version 1.00: May 25, 2026: document start
• Version 1.01: June 16, 2026: a few typos
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Chapter I

Project Description

1 Introduction

In this monograph we report the continuation and evolution of the CERES project
(https://computarium.lcd.lu/literature/COMPUTARIUM_CREW/BAUMANN/CERES_1.0.pdf) into a
new development framework named MYBUG. While the original CERES project concentrated primarily on
the design security of embedded software development, the current work expands this objective toward a
more comprehensive and verifiable software construction methodology for microcontroller systems.
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The initial CERES architecture successfully demonstrated that embedded systems can be developed
under strict structural and security-oriented constraints. In particular, the project focused on reducing
hidden software complexity, increasing transparency at low-level execution stages, and improving the
traceability between high-level intentions and generated machine behavior. Although the original CERES

implementation proved functional and reliable across different microcontroller architectures and MCU
families, the amount of native support code required for such portability became increasingly large and
difficult to maintain. As the number of supported data types and processor-specific primitives grew, the
native library layer expanded considerably in both structural complexity and implementation effort.

The MYBUG project introduces a new solution to this problem through automated code generation for
higher-order data types. Instead of manually implementing every primitive for every data type, MYBUG

reduces the required native foundation to a minimal set of elementary primitives. More complex operations
are then generated automatically through a dedicated recursive macro machine capable of self-expanding
and auto-calling construction patterns. This mechanism significantly reduces the size of the required native
layer while simultaneously improving portability between MCU families.

A second major motivation behind MYBUG arises from broader concerns regarding software trustworthi-
ness in modern compiler environments. Conventional compilers necessarily depend on extensive runtime
libraries and internal support code that remain largely hidden from the end user. As a consequence, even
if an application developer fully verifies the correctness of his own source code, he can never completely
guarantee that the generated machine code is itself free of defects. Bugs originating from hidden compiler
internals, runtime libraries, or third-party dependencies may remain undetected.

This problem becomes considerably more severe in the context of modern AI-assisted “vibe coding.” In
many such environments, the end programmer no longer possesses full visibility regarding how generated
code was constructed, which external libraries were integrated, or which online sources contributed to the
resulting implementation. Besides the obvious technical risks, this situation may additionally introduce
legal and intellectual property concerns, since AI-generated code does not necessarily respect licensing
constraints or provenance requirements. Furthermore, the compiler itself remains a potential source of
incorrect or unsafe machine code generation.

For these reasons, the second central objective of the MYBUG project is the establishment of full-chain
software control and transparency. The project therefore investigates the complete transformation path
from the MYBUG high-level language, through the intermediate iCode representation, down to dotCode
(.Code), which corresponds directly to native assembler-level instructions. The intention is not merely to
verify isolated source programs, but rather to establish visibility, traceability, and controllability over the
entire software generation process itself.

In this sense, MYBUG extends the original goals of CERES from embedded design security toward a
broader framework of compiler transparency, software provenance, and formally traceable native code gen-
eration for resource-constrained embedded systems.

2 The Recursive Macro Machine

After numerous experimental compiler designs and several unsuccessful intermediate approaches, the
author eventually arrived at the conclusion that the MYBUG compiler architecture would necessarily require
a dedicated recursive macro machine. The purpose of this machine is not merely textual substitution, but
rather the controlled structural generation of compiler-relevant code fragments across multiple abstraction
levels.

One of the first requirements was the clear syntactic separation between ordinary MYBUG source code
and compiler meta-instructions. Since the macro system operates at compiler preprocessing level rather
than at ordinary program execution level, its syntax had to remain visually and semantically distinct from
normal language constructs. This was achieved by adopting a notation inspired by XML and HTML, namely
the use of explicitly delimited structures of the form:

1 <macro> ... </macro>
2 <snippet> ... </snippet>
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3 <insert> filename </insert>
4 <define> X:=Y </define>

and the conditional structure

1 <if> (condition)
2 ...
3 </if>
4 <altif> (condition)
5 ...
6 </altif>
7 <default>
8 ...
9 </default>

This notation ensures that compiler preprocessing instructions cannot be confused with ordinary
MYBUG statements or assembler-level instructions.

A second important design decision concerns the distinction between <macro> and <snippet>.
Although both are processed by the same recursive macro machine, they fulfill fundamentally different
purposes within the compiler architecture.

Inside a macro or snippet definition, arbitrary content may appear. This includes MYBUG code, iCode,
dotCode (.Code), native assembler fragments, or even further macro and snippet invocations. During
compiler startup, the preprocessing stage recursively expands all invoked macros and snippets by inserting
their contents directly into the main source stream while simultaneously replacing formal parameters by
their actual arguments.

The essential difference between macros and snippets lies in their visibility to the later compiler stages.
Macro invocations are considered purely preprocessing constructs. Consequently, all macro calls must be
fully resolved before the central MYBUG compiler and the final assembler code generation phases begin. If
unresolved macro invocations remain after preprocessing, the compiler immediately throws an error.

Snippet invocations, by contrast, survive preprocessing as structural compiler entities and are therefore
still considered during the central compilation process and during final assembler generation. Snippets
thus form a controlled interface between the preprocessing macro machine and the later compiler stages.

The following examples illustrate important semantic properties of the recursive macro machine. Con-
sider first the following macro definition:

Example 2.1. Macro definition and invocation.

1 <macro> beta(x,$y,z)
2 x #x
3 #$yAlpha
4 z zBeta
5 </macro>
6

7 beta(u,v,w)

The preprocessing engine expands the invocation into:

1 u #x
2 #vAlpha
3 w zBeta

This result is intentional and illustrates an important semantic distinction inside the recursive macro
machine. Parameters preceded by the symbol $ are inserted purely literally, meaning that the preprocessing
engine performs direct textual substitution without introducing additional structural interpretation or
unintended spacing effects. The $-notation is therefore essential whenever partial strings, token fragments,
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or compiler-relevant textual structures must be reproduced exactly as specified by the caller.

At the current development stage, the macro machine already accepts ordinary stand-alone textual
words, arithmetic expressions, and logical expressions as arguments. Such entities are interpreted semanti-
cally by the compiler infrastructure and therefore participate normally in parsing, constant evaluation, and
code generation. Literal textual substitution, however, remains explicitly controlled through the $-notation
whenever textual fragments must be inserted exactly without semantic reinterpretation by the compiler.

Although the preprocessing stage successfully performs the expansion above (cf. Ex. 2.1), the resulting
code does not represent syntactically valid MYBUG code. Consequently, the central compiler rejects the
generated stream and throws an error. The recursive macro machine therefore does not bypass compiler
correctness constraints; it merely generates source structures that must still satisfy the MYBUG language
rules.

A second example demonstrates a successful macro expansion:

Example 2.2. Valid MYBUG macro expansion.

1 <macro> gamma(x,N)
2 raw8 x:=N
3 x:=x+1
4 </macro>
5

6 gamma(a,27)

During preprocessing, the formal parameters are replaced by their actual arguments, producing:

1 raw8 a:=27
2 a:=a+1

Since this generated code represents valid MYBUG source code, the central compiler can successfully trans-
late it into intermediate and native representations. The resulting generated instruction stream becomes:

1 MOVC_(u,8,27,a,0)
2 PUSHV_(u,8,a,0,0)
3 PUSHC_(u,8,1,0)
4 ADD_(u,8,0,0,0)
5 POPV_(u,8,a,0,0)

The macro machine is additionally capable of handling constant expressions during preprocessing and
compilation. Consider the following invocation:

1 gamma(a,pow(27/3,2))

The expression pow(27/3,2) is evaluated during compilation, resulting in:

1 MOVC_(u,8,81,a,0)
2 PUSHV_(u,8,a,0,0)
3 PUSHC_(u,8,1,0)
4 ADD_(u,8,0,0,0)
5 POPV_(u,8,a,0,0)

This demonstrates that the recursive macro machine cooperates directly with the compiler’s constant
evaluation system. Consequently, macro parameters may themselves contain higher-level symbolic or
mathematical expressions that are resolved before final native code generation.

The recursive macro machine therefore forms one of the central enabling technologies behind the
MYBUG portability strategy. By allowing higher-order constructions to be generated automatically from
a comparatively small set of elementary native primitives, the system substantially reduces native library
complexity while preserving transparency, deterministic compiler behavior, and full traceability from
generated native instructions back to their originating source structures.
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The recursive macro machine is also capable of generating complete low-level assembler structures
from comparatively compact high-level snippet descriptions. In order for such recursive constructions
to operate correctly, the preprocessing stage may additionally define compiler-wide constants through
dedicated compiler instructions.

For example, the following definition establishes the native processor width used by the recursive expan-
sion logic:

1 <define> ProcessorWidth:=8 </define>

Such <define> instructions introduce compiler constants that become globally accessible during
preprocessing, recursive macro expansion, constant evaluation, and code generation. In the present
example, the value ProcessorWidth:=8 informs the macro machine that the target PIC16F8x architecture
operates on native 8-bit quantities.

The following snippets are subsequently transformed into PIC16F8x assembler code through recursive
preprocessing and parameter expansion. The first snippet defines a primitive constant move operation:

Example 2.3. Snippet definition.

1 ; -----------------.movc-------------------------
2 <snippet> .movc(Type,Const,$Var,Offset,$Method)
3 #MOVLW Const
4 <if>(Offset=0)
5 #BANKSEL $Var_$Method
6 #MOVWF $Var_$Method
7 </if>
8 <default>
9 ;make sure all variable bytes are

10 ;located in the same bank
11 #BANKSEL $Var_$Method
12 #MOVWF $Var_$Method + Offset
13 </default>
14 </snippet>

This snippet emits the fundamental PIC16F8x assembler instructions required to load a constant into a
target variable. The use of the $-notation ensures that variable and method identifiers are inserted literally
into the assembler symbol stream without unintended structural reinterpretation.

A second recursive snippet extends this elementary operation toward arbitrary multi-byte data widths:

1 ; --------------MOVC---------------------------------------
2 <snippet> MOVC_basic(Type,Bits,Const,Var,Offset,Method)
3 ; this works for any `Bits'=2^N data size
4 .movc(Type,
5 Const&(pow(2,ProcessorWidth)-1), ;mask constant
6 Var,
7 Offset,
8 Method
9 )

10 <if> (Bits>ProcessorWidth);recursive calls only for
11 ;`Bits'=32, 24 or 16
12 MOVC_basic(Type,
13 Bits-ProcessorWidth, ;ex. 32-8=24, then 24-8=16,
14 ;finally 16-8=8
15 floor(Const/pow(2,ProcessorWidth)), ;get the next
16 ;higher byte of the constant
17 Var,
18 Offset+1, ;increment offset
19 Method
20 )
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21 </if>
22 </snippet>

The recursive invocation of MOVC_basic() automatically decomposes larger constants into processor-
width-sized fragments. For PIC16F8x processors, whose native architecture operates on 8-bit quantities, the
recursive macro machine successively generates assembler instructions for each required byte position.

Finally, a simplified public interface is exposed through:

1 <snippet> MOVC_(Type,Bits,Const,Var,Method)
2 MOVC_basic(Type,Bits,Const,Var,0,Method)
3 </snippet>

This wrapper snippet initializes the recursive expansion process with offset zero and thereby hides the
internal recursive implementation details from higher compiler layers.

These examples illustrate one of the principal architectural ideas behind MYBUG. Instead of manually
implementing dedicated native primitives for every supported data width and operation type, the recur-
sive macro machine automatically synthesizes larger structures from a comparatively small collection of
elementary native building blocks. As a consequence, portability to new MCU architectures becomes signif-
icantly easier, since only a minimal native primitive layer must be adapted while higher-order constructions
are generated automatically by the preprocessing engine.

The practical effect of the recursive snippet mechanism becomes particularly visible during the trans-
lation of ordinary MYBUG statements into native assembler instructions. Consider the following high-level
declaration:

Example 2.4. Snippet invocation.

raw32 x:=12

At the MYBUG language level, this statement declares a 32-bit variable named x and initializes it with the
constant value 12. Internally, however, the compiler transforms this instruction into the following snippet
invocation:

MOVC_(u,32,12,x,0)

The recursive macro machine subsequently expands this invocation through repeated calls to
MOVC_basic(), automatically decomposing the 32-bit constant into processor-width-sized fragments.
Since the target PIC16F8x architecture operates on native 8-bit quantities, the resulting assembler stream
becomes:

1 MOVLW 12
2 BANKSEL x_0
3 MOVWF x_0
4

5 MOVLW 0
6 BANKSEL x_0
7 MOVWF x_0 + 1
8

9 MOVLW 0
10 BANKSEL x_0
11 MOVWF x_0 + 2
12

13 MOVLW 0
14 BANKSEL x_0
15 MOVWF x_0 + 3

The recursive expansion mechanism therefore automatically generates the complete sequence of byte-
wise initialization instructions required by the target architecture. Only the least significant byte contains
the value 12, whereas all higher-order bytes are initialized with zero.

The suffix _0 appended to the generated assembler symbol names refers to the variable owner context.
In the present example, the variable x belongs to the implicit root execution job and is therefore translated

7



into assembler symbols such as x_0.

This naming convention forms part of the internal ownership and namespace management strategy
of MYBUG. Variables generated inside different execution jobs, methods, or contexts receive distinct
ownership suffixes in order to guarantee deterministic symbol separation at assembler level.

It is important to note that, in contrast to CERES, the MYBUG language deliberately eliminates the
requirement for explicit main or setup definitions. Instead, the compiler automatically establishes an
implicit root execution context that serves as the owner for globally generated variables and initialization
structures. The suffix_0 therefore corresponds to this automatically generated root-level ownership domain.

It should additionally be noted that the BANKSEL instructions shown in the previous expansion example
do not necessarily remain present in the final emitted assembler stream. During the final compiler stages,
a dedicated “bank optimizer” analyzes the generated instruction sequence and removes redundant bank-
selection operations whenever the currently selected memory bank is already correct.

Consequently, although the recursive macro machine initially generates conservative and structurally
explicit assembler code the final compiler backend may simplify this stream by eliminating unnecessary
BANKSEL instructions. The resulting emitted assembler code therefore becomes shorter and more efficient
while preserving deterministic correctness:

Example 2.5. Bank optimization (assumed all variable components are located in the same bank).

1 MOVLW 12
2 BANKSEL x_0
3 MOVWF x_0
4

5 MOVLW 0
6 MOVWF x_0 + 1
7

8 MOVLW 0
9 MOVWF x_0 + 2

10

11 MOVLW 0
12 MOVWF x_0 + 3

This optimization stage illustrates another important architectural principle of MYBUG: code generation
proceeds intentionally through structurally transparent intermediate forms before later optimization passes
simplify the resulting assembler stream. As a consequence, correctness, traceability, and optimization re-
main clearly separated compiler concerns.

This example illustrates one of the fundamental design goals of MYBUG: higher-order data types are not
implemented through manually written dedicated native primitives, but instead synthesized automatically
from a comparatively small set of elementary processor-width operations. The recursive macro machine
therefore acts as a structural bridge between compact architecture-independent source constructs and de-
terministic low-level assembler generation.

Nota Bene 2.1. MYBUG generates object and assembler code using decimal numerical notation by default.
Consequently, external assembler environments must be configured accordingly. For example, within the
Microchip MPLAB environment, numerical interpretation must explicitly be set to decimal mode; otherwise
generated constants may incorrectly be interpreted as hexadecimal values, potentially leading to erroneous
machine code generation.

Nota Bene 2.2. The recursive snippet system provides two special compiler-managed arguments that allow
snippet invocations to access internal compiler information during preprocessing and code generation. These
special entities are not ordinary MYBUG variables and cannot be accessed directly from regular MYBUG source
code. Their use is restricted exclusively to snippet invocations.

local_id: The first special argument is local_id. Whenever this argument is supplied during a snip-
pet invocation, the compiler automatically generates a new unique numerical identifier. This
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mechanism is particularly useful for constructing assembler labels that must remain unique
across recursive expansions and multiple snippet instantiations.

context: The second special argument is context. This entity acts as a shortcut for retrieving the
current execution context reference number associated with the invoking job, function or
subroutine. Consequently, snippets may automatically adapt generated assembler symbols
to the correct ownership domain without requiring the programmer to specify explicit
numerical references manually.

The following example illustrates the mechanism:

1 <snippet> beta($Var,$Method,$local)
2 #this_label_$local:
3 #BANKSEL $Var_$Method
4 #PAGESEL this_label_$local
5 #BTFSC $Var_$Method,0
6 #GOTO this_label_$local
7 </snippet>

The snippet may then be invoked through:

1 beta(x,context,local_id)

If this invocation occurs inside the implicit root job (reference index 0), the recursive preprocessing stage
may generate an assembler stream similar to:

1 #this_label_1013:
2 #BANKSEL x_0
3 #PAGESEL this_label_1013
4 #BTFSC x_0 ,0
5 #GOTO this_label_1013

where the generated identifier 1013 represents an automatically assigned compiler-unique local label
number.

This mechanism allows snippets to construct collision-free assembler structures dynamically while preserv-
ing deterministic ownership handling and context-sensitive symbol generation throughout the entire compi-
lation process.

Nota Bene 2.3. Macros, snippets, and compiler constants may freely be referenced from within other macros
and snippets, thereby enabling recursive expansion and the construction of higher-level compiler facilities.
However, definitions themselves are not permitted within macro or snippet definitions. In particular, a
<macro> block may not contain nested <macro> or <snippet> definitions, and a <snippet> block may
not contain nested <macro> or <snippet> definitions.

The compiler currently accepts <define> blocks appearing inside macro or snippet definitions. Neverthe-
less, it is important to understand that compiler constants possess global scope. Consequently, a <define>
statement encountered during expansion affects the entire compilation process rather than the local macro or
snippet in which it appears.

For the same reason, placing a <define> block inside a conditional <if> structure does not create a
conditionally scoped compiler constant. The definition remains global and therefore has no conditional effect
in the conventional programming-language sense. Compiler constants should thus be regarded as global
preprocessing entities whose visibility extends throughout the complete compilation unit.

This behavior is intentional and reflects the design philosophy of the recursive macro machine, where com-
piler constants describe global compilation state rather than local execution state.

3 MYBUG Statements

As previously discussed, MYBUG originates directly from the earlier CERES project and continues its primary
objective of producing stable, transparent, and structurally verifiable MCU firmware. Although both

9



languages share many conceptual foundations, MYBUG introduces several architectural and syntactic
modifications intended to improve portability, compiler transparency, recursive code generation, and
execution isolation. Consequently, the syntax and organizational rules of the language must be described
separately.

3.1 Nomenclature, File Structure, and General Syntax

• .jan files: all MYBUG source files use the extension .jan. This includes ordinary high-level source
code, libraries containing macros and snippets, generated iCode, and generated dotCode (.Code). The
designation “jan” refers to January. Future MYBUG dialects or language revisions may intentionally use
different month-based extensions in order to maintain strict syntactic separation between language
generations while the project continues to evolve.

• iCode (intermediate code): this representation is generated directly by the MYBUG compiler from the
high-level language. iCode constitutes the architecture-independent portion of the compilation pro-
cess and forms the universal intermediate representation used across different MCU devices and pro-
cessor families.

• dotCode (.Code): this representation corresponds to a low-level native-oriented intermediate layer
situated between iCode and final assembler output. It preserves structural transparency while already
reflecting processor-specific construction patterns generated by the recursive macro machine.

• Assembler code (.asm files): assembler files constitute the final result of the compilation process.
These files are subsequently transferred to the flashing environment corresponding to the target MCU
architecture, for example Microchip MPLAB for PIC16F8x devices.

• MYBUG statements do not require explicit line termination symbols such as semicolons.

• Code blocks are enclosed using curly braces { }.

• Indentation is syntactically optional but strongly recommended in order to improve structural read-
ability and maintainability.

• Comments are introduced by the symbol ;. Everything following this symbol on the same line is ig-
nored by the compiler.

3.2 Job Code Blocks

Within the MYBUG ecosystem, a Job represents an isolated executable program entity comparable to a
traditional task or lightweight process. Each job possesses its own local execution context, including
constants, variables, subroutines, functions, and an independent data stack.

The principal purpose of the job system is the structural isolation and atomization of program state.
This mechanism allows multitasking firmware systems to be constructed while minimizing unwanted data
interference between concurrent execution domains. In contrast to conventional embedded programming
approaches, where multiple routines frequently share a common stack and execution context, MYBUG

deliberately separates execution environments in order to improve determinism, robustness, and fault
containment.

One particularly important application concerns interrupt service routines. In MYBUG, an interrupt
handler may be implemented as a dedicated job possessing its own execution context and data stack.
Consequently, only a minimal amount of state information must be preserved from the interrupted exe-
cution stream before transferring control to the interrupt job. After completion, the interrupted context
can be restored with reduced latency overhead. This approach contributes directly to firmware stability,
deterministic interrupt behavior, and improved temporal predictability.

The following example illustrates the declaration of a job:

Example 3.1. Job definition.
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1 job alpha(raw8 x, y, int16 p) {
2

3 constant N:=6
4

5 int16 q
6

7 q:=6*int16(x*y)+p
8

9 x:=reference(alpha)
10 ; returns the compiler index of job `alpha'
11 }

The example defines a job named alpha with two 8-bit parameters (x and y) and one signed 16-bit
parameter (p). Inside the job, a constant and a local variable are declared before executing arithmetic
operations within the job-local context.

The instruction:

1 x:=reference(alpha)

requests the compiler-generated internal reference index associated with the job alpha. Such refer-
ences may subsequently be used for low-level scheduling, indirect job control, or system-level execution
management.

Unlike CERES, MYBUG deliberately avoids mandatory main() or setup() declarations. Instead, the
compiler automatically generates an implicit root execution job representing the primary program stream.
This implicit root job serves as the global owner context for variables and initialization structures that are
not explicitly attached to another job.

Except for this implicit root job, no additional job is processed either at design time or at run time unless
it is explicitly invoked, started, or scheduled. If a job is called directly from another job, it behaves similarly
to a conventional subroutine, but still executes with its own isolated data stack and local execution context.
Consequently, MYBUG preserves structural separation even during nested execution flows.

An important structural rule within the MYBUG execution model is that jobs are strictly isolated from
one another. Variables, subroutines, and functions belonging to a particular job cannot be accessed directly
from another job context. This restriction is intentional and forms one of the central mechanisms used by
MYBUG to preserve execution isolation, reduce unintended side effects, and improve firmware robustness
in multitasking environments.

One controlled exception exists for entities belonging to the implicit root execution job (reference index
0), historically comparable to the traditional “main” context. Constants and variables owned by this root
context may be accessed explicitly from other jobs by prefixing their identifiers with the symbol @. This
notation provides a controlled mechanism for accessing globally visible entities while preserving the general
isolation principle between independent execution jobs.

In contrast to the earlier CERES architecture, hardware-related assembler-accessible system registers
are no longer directly visible through ordinary MYBUG code. For example, PIC16F88 Special File Registers
(SFRs) such as TRISA, PORTA, or TXREG are no longer implicitly owned by the root execution context and
therefore cannot be manipulated directly through standard MYBUG statements.

This design decision was introduced intentionally in order to keep user-level application code struc-
turally clean and independent from low-level hardware-specific implementation details. Consequently,
access to MCU-specific SFR structures must now occur through dedicated specialized snippets that encap-
sulate the corresponding processor-dependent assembler operations.

By isolating hardware register manipulation behind explicitly defined snippet interfaces, MYBUG further
strengthens portability, compiler transparency, and architectural separation between high-level firmware
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logic and device-specific native implementation details.

3.3 Control and Data Instructions (Usable in Jobs)

MYBUG supports a range of structured programming constructs for logic and data handling:

Loops and Flow Control

• loop { }: Defines a repeatable block. Loops may be stacked.

Example 3.2. Controlled loops.
The loop is terminated immediately if the exit condition is already satisfied before the following state-
ments inside the loop body are executed:

1

2 loop {
3 if button_pressed {
4 quit
5 }
6 ...
7 ...
8 ...
9 }

10

The loop is terminated if the exit condition is satisfied after the statements inside the loop body have been
executed:

1 loop {
2 ...
3 ...
4 ...
5 if button_pressed {
6 quit
7 }
8 }
9

10

The loop is terminated if the exit condition is satisfied before the remaining statements inside the loop
body are executed:

1

2 loop {
3 ...
4 ...
5 ...
6 if button_pressed {
7 quit
8 }
9 ...

10 ...
11 ...
12 }
13

• quit: Exits the innermost enclosing loop.
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• take i from [lower_bound,upper_bound] { }: Defines a simplified for block. These loops
may be stacked.

Example 3.3. Indexed loops.
This loop runs 8 times, the upper bound is included:

1 take i from [0,7] {
2 ...
3 ...
4 ...
5 if condition quit
6 ...
7 ...
8 ...
9 }

This loop runs 7 times, the upper bound is excluded:

1 take i from [0,7) {
2 ...
3 ...
4 }

Conditional Logic

• Boolean Expressions (no parentheses required)

Example 3.4. Boolean Expressions using: TRUE, FALSE, NOT, AND, OR, XOR

1 if r AND NOT s OR t {
2 set(LED)
3 }

– NOT applies only to the variable immediately following.

– AND has higher precedence than OR.

• Arithmetic Comparisons

Example 3.5. Comparison operators: =, !=, <, <=, >, >=.

1 if (temperature >= 30) {
2 activate_fan()
3 }
4

5 if (status != READY) {
6 signal_error()
7 }

Comparisons must be embraced in simple brackets.

• Full Conditional Forms

Example 3.6. Simple if:

1 if is_night {
2 turn_on_lights()
3 }
4

Example 3.7. if ... default (like else in other languages):
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1 if is_charging {
2 show_icon(0) $ charging $
3 }
4 default {
5 show_icon(1) $ battery $
6 }
7

Example 3.8.

if ... altif ... default (like else if ... elseif ... else in other languages):

1 if level < 10 {
2 alert(0) $ Low $
3 }
4 altif level < 50 {
5 alert(1) $ Medium $
6 }
7 altif level < 80 {
8 alert(2) $ High $
9 }

10 default {
11 alert(3) $Full $
12 }
13

• Bit-Level Conditional Execution: ifset and ifclear

To support efficient testing of individual bits — a frequent pattern in embedded development — MY-
BUG introduces two specialized control structures: ifset and ifclear. These allow concise and
performant conditional execution based on the state of a single bit.

Example 3.9. Bit Tests:

1 <define> PORTA:=5 </define>
2 <define> STATUS:=3 </define>
3 constant Z:=2
4 ifset(PORTA,2) { ... } default { ... }
5 ifclear(STATUS,Z) { ... }

– ifset(bitref) {...} executes the block if the specified bit is set (i.e., equals 1).

– ifclear(bitref) {...} executes the block if the specified bit is clear (i.e., equals 0).

– The optional default {...} block is executed when the condition is not met.

Note: These structures are designed to compile directly into efficient machine instructions (btfss,
btfsc) on supported microcontrollers like the PIC16F88. Arbitrary expressions are not allowed in this
context. However, the structures apply to any raw8, raw16 or raw32 variables, under the condition that
the bit index is a constant value 0..7 / 0..15 or 0..31. resepctively. In the case of system variables or regis-
ters, MYBUG allows bit aliases, while verifying, if these are defined for the respective register. Array fields
may not be addressed here.

Assignment

Example 3.10. Assignments use the Pascal-style := operator.

1 x := y
2 temperature := read_sensor()
3 led_status := ON
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Declarations and Routines

MYBUG supports variable declarations with type annotations, statically sized arrays, and the definition of
subroutines and functions with typed parameters. Variables, subroutines, and functions may not be declared
or defined within loop constructs, take loops, or if structures. Furthermore, functions and subroutines
may not be declared or defined within other functions or subroutines.

• Constant Declarations

Example 3.11. Constants can be declared using expressions invoking other pre-dedefined constants.

1 constant N:=3
2 constant N:=pow(2,N)+2

• Variable Declarations

Example 3.12. Multiple variables of the same type can be declared on a single line. Initialization is
optional.

1 raw8 i, j, k
2 int16 m := 19, n := 10, p $ if assigned (initialized), use

constants only $
3 boolean z, v, w := TRUE
4 raw32 x, y, z
5 int8 a, b, c

• Arrays

Example 3.13. Arrays with a fixed size must use a constant size parameter N. Optional initialization is
available via bracketed lists. (N.B. Array declaration differs from CERES: now dimension is added to the
variable name instead of the array keyword.)

1 constant N:=7
2 array raw8 P[3]
3 array int16 Q[N] := [1, 2, 3, 4, 5, 6, 7]

• Subroutines:

Example 3.14. Subroutines are declared using the subroutine keyword, followed by a name and a
typed argument list. Note that commas separate variables of the same and of varying representation.)

1 subroutine A(raw8 i,j, int16 q) {
2 // code block
3 }

Subroutines are invoked by name, passing appropriate arguments:

1 int16 x:=27
2 A(1, 2, x)

• Functions:

Example 3.15. Functions return a value and must declare a return type. Like subroutines, they are
defined with typed arguments. (N.B. Unlike CERES, MYBUG requires the keyword return, in order to
pass the function result to the caller.)

1 function int16 A(raw8 i,j, int16 q) {
2 return expression
3 }
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Functions are used within expressions that must ultimately be assigned to a variable or used in a com-
parison. The result representation must match the expression representation.

1 int16 x:=27
2 y := A(1, 2, 3) * 4

3.4 Supported Arithmetic and Logical Functions

MYBUG supports a compact set of arithmetic and bitwise operations, with behavior tailored to the
type system. All arithmetic is type-truncated: operations return results consistent with the type of the
operands (e.g., raw8, int16, etc.).

Arithmetic Functions

• For raw8, raw16 and raw32 (unsigned integers):

– Arithmetic: +, -, *, /, % (modulo)

– Unary functions:

⋄ sqrt(i) – integer square root

– Dyadic functions:

⋄ pow(i,j) – power function (i j ) (N.B. Actually only implemented for constant evaluation)

Example 3.16. Unsigned functions.

1 raw8 a := 9
2 raw8 b := sqrt(a)

• For int8 int16 and int32 (signed integers):

– Arithmetic: +, -, *, /, %

– Unary functions: abs(i), sgn(i), -i (change sign)

Example 3.17. Signed functions.

1 int16 x := -25
2 int16 y := abs(x)
3 int16 z := -y

Note on Division and Modulo Functions: MYBUG uses the truncating division method as described in War-
ren’s Hacker’s Delight1. This method truncates the quotient toward zero, a behavior that differs from flooring
division. For instance, under truncating division, the results of 7÷3,−7÷3, 7÷ (−3), and−7÷ (−3) yield quo-
tients of 2, −2, −2, and 2, respectively. The corresponding remainders are 1, −1, 1, and −1, such that in each
case, the essential rule

dividend= quotient×divisor+ remainder

is satisfied. This consistent relationship is crucial to the implementation of integer division and modulo
operations in MYBUG.

Important notice: The current version of MYBUG shows up divergences in the calculation of constants at
variable initialization. Particularly, division and modulo of negative numbers used in a constant expression,
when initializing int8 and int16, may differ by 1 due to different methods used in host constant and MYBUG

calculation. MYBUG won’t let the user initialize or assign an int8 variable with -128, nor int16 with -32768,
both critical values. If this is desired, the user must use the following method:

1 int8 i,j:=-127-1
2 i:=-127-1

1Henry S. Warren Jr., Hacker’s Delight, 2nd ed., Addison-Wesley, 2013, p. 181.
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Bit-Logical Operations (only for raw8, raw16 and raw32

• Bit-controlling routines: setbit(i,c), clearbit(i,c) , where i must be raw8, raw16, or raw32
representation and c a valid constant.

• Bitwise operators: � (bitwise NOT),& (AND),| (OR),�| (XOR); Operator precedence: �binds strongest,
followed by &, then | and �|

• Bit shifts and rotates:

– Single shift/rotate: rtl(i), rtr(i), shl(i), shr(i)

• swap(i): Swaps the high and low parts of a value. For raw8, this exchanges the upper and lower
nibbles (4-bit halves). For raw16, it exchanges the high and low bytes (8-bit halves).

• low(i): returns i’s lower half

• high(i): returns i’s upper half

Example 3.18. Bit operations.

1 raw8 x := 241
2 x := rtl(x)

1 raw8 a := 0xAB $ binary: 10101011 $
2 a := swap(a) $ becomes 0xBA (binary: 10111010) $
3

4 raw16 x := 0x1234
5 x := swap(x) $ becomes 0x3412 $

Type Casting Operations

MYBUG supports explicit type conversions through type-cast operators. A cast is written by placing the
target type in front of an expression enclosed in parentheses. Type casting is intentionally explicit in order
to make all potentially size-changing or sign-changing conversions visible to the programmer.

• Supported cast targets include all elementary integer types: raw8, raw16, raw32, int8, int16, and
int32.

• A cast converts the value of an expression into the specified target type before assignment or further
evaluation.

• Narrowing conversions discard higher-order bits that do not fit into the destination type.

• Widening conversions preserve the numerical value by extending the source representation according
to its signedness.

• Cast expressions may appear wherever ordinary expressions are permitted.

• Multiple casts may be nested if required.

Example 3.19. Explicit type conversion.

1 raw16 x
2 raw8 y
3

4 y := raw8(x)

The assignment stores only the least significant 8 bits of x into y. Any higher-order bits are discarded.

Example 3.20. Widening conversion.
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1 raw8 x := 27
2 raw16 y
3

4 y := raw16(x)

The value contained in x is converted to a 16-bit unsigned representation before assignment.

Example 3.21. Cast inside an expression.

1 raw8 x := 12
2 raw8 y := 5
3 raw16 z
4

5 z := raw16(x) * raw16(y)

The casts force both operands to be evaluated as 16-bit values before multiplication.

Nota Bene 1. In contrast to many programming languages, conversions between signed (int8, int16,
int32) and unsigned (raw8, raw16, raw32) representations do not perform any numerical reinterpretation
of the value. The compiler preserves the numerical value whenever it can be represented in the destination
type. Consequently, converting a signed value to a larger unsigned representation does not transform
negative values into their two’s-complement bit patterns interpreted as large positive numbers. Likewise,
converting an unsigned value to a signed representation does not alter the underlying numerical quantity.

For example:

1 int8 x
2 raw16 y
3

4 y := raw16(x)

is translated into:

1 MOVF x_0,W
2 MOVWF sys_x_0
3 CLRF sys_x_0 + 1
4

5 MOVF sys_x_0 ,W
6 MOVWF y_0
7

8 MOVF sys_x_0 + 1,W
9 MOVWF y_0 + 1

Observe that the compiler first constructs a temporary 16-bit representation and subsequently copies
this value into the destination variable. In contrast to arithmetic value conversion, this cast is intentionally
implemented as a bit-pattern conversion. The compiler preserves the source bit representation and merely
adapts it to the width of the destination type, irrespective of whether the source and destination types are
signed or unsigned.

Nota Bene 2. When a signed integer is converted to a larger signed integer type, the compiler performs
a sign-extension operation in order to preserve the numerical value of the source operand. The most
significant bit of the source value is interpreted as the sign bit and propagated into the newly created
higher-order bytes of the destination representation.

For example:

1 int8 x
2 int16 y
3

4 y := int16(x)
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is translated into:

1 MOVF x_0,W
2 MOVWF sys_x_0
3 CLRF sys_x_0 + 1
4

5 BTFSS sys_x_0 ,7
6 MOVLW 255
7 MOVWF sys_x_0 + 1
8

9 MOVF sys_x_0 ,W
10 MOVWF y_0
11 MOVF sys_x_0 + 1,W
12 MOVWF y_0 + 1

After copying the source value into a temporary 16-bit representation, the compiler examines bit 7 of
the original int8 value. If the sign bit is set, the upper byte is filled with 255 (0xFF); otherwise it remains 0.
The resulting 16-bit value therefore represents the same numerical quantity as the original 8-bit value.

For example, the int8 value -1 is represented internally as 0xFF. After sign extension, the generated
int16 representation becomes 0xFFFF, which still corresponds to the numerical value -1. Likewise, -128
(0x80) becomes 0xFF80, preserving its original value.

Consequently, widening conversions between signed integer types perform arithmetic sign extension
and should not be confused with the bit-pattern conversions used when converting between signed and
unsigned representations.

Boolean Expressions

Boolean logic is written in algebraic form, without parentheses unless needed for grouping.

• Unary operator: NOT z

• Operators: AND, OR, XOR

• Operator precedence: NOT binds strongest, followed by AND, then OR and XOR

Example 3.22. Boolean operations.

1 boolean a, b, c
2 if NOT a AND b OR c { ... }

3.4.1 Miscellaneous Functions

In addition to arithmetic, logical, and control-flow constructs, MYBUG provides a small collection of util-
ity functions intended to simplify common embedded programming tasks. These functions are generally
implemented through specialized iCode snippets and backend-generated native code.

The delay() Function. One of the most frequently used utility functions in microcontroller applications
is the delay function:

1 delay(N)

where N must be a compile-time constant specifying a delay duration in milliseconds.
The purpose ofdelay() is to suspend program execution for a predefined amount of time. Internally, the

compiler generates an architecture-specific waiting loop whose execution time corresponds approximately
to the requested delay interval.

Typical applications include:

• Slowing down program execution during testing or debugging.

• Generating visible timing effects, for example when blinking LEDs.
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• Waiting for external hardware to stabilize after configuration changes.

• Introducing simple timing intervals in low-complexity embedded applications.

The following example causes an LED to toggle every half second:

1 loop {
2

3 ...
4 toggle_led()
5

6 delay(500)
7 ...
8

9 }

Because the delay value must be known at compile time, the compiler can generate an optimized waiting
sequence for the selected target architecture. Consequently, delay() should not be regarded as a general-
purpose scheduling mechanism but rather as a convenient utility for creating deterministic waiting periods
in embedded firmware.

For timing-critical applications, hardware timers remain the preferred solution since they allow useful
program execution to continue while the timing interval is being measured. The delay() function should
therefore primarily be viewed as a simple blocking delay mechanism.

3.5 Expression Constraints and Safety

MYBUG enforces strict rules to ensure data safety, clarity, and portability of code. These rules apply to all
forms of expression evaluation:

• Homogeneous Type Enforcement: All operands within an expression must share the same data type.
Mixing types (e.g., combining raw8 and int8) is explicitly disallowed. This restriction ensures type
predictability and prevents implicit conversions or truncations.

Example 3.23. Invalid mixed type operation.

1 raw8 a := 4
2 int8 b := 2
3 c := a + b ;ERROR: type mismatch
4

Example 3.24. Valid single type operation.

1 raw8 a := 4
2 raw8 b := 2
3 c := a + b ;OK
4

• Constant Initialization and Representation Safety: CERES enforces strict bounds-checking on con-
stant values assigned to variables. A variable may only be initialized or assigned a constant that lies
within the legal numeric range of its type. The compiler will reject any constant that exceeds this range
or is otherwise invalid.

– raw8, raw16 types cannot be assigned negative values.

– Overflowing constants such as raw8 x := 256 will trigger a compile-time error.

– CERES does not permit assigning -128 to int8 due to the way unary minus is interpreted. The
compiler processes -128 as change_sign(128), but 128 lies outside the valid range of int8.
The workaround is to write the equivalent constant expression-127 - 1, which is correctly eval-
uated by the compiler.

– The compiler fully supports constant expressions as long as the final result lies within the vari-
able’s legal type bounds.
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Example 3.25. Constant initialization.

1 ;Invalid: out-of-range
2 raw8 a := -1 ;ERROR
3 raw8 b := 256 ;ERROR
4

5 ;Invalid: int8 range exceeded by constant
6 int8 x := -128 ;ERROR, because compiler tries CHS(128),
7 ;it's 128 that exceeds range!
8

9 ;Valid workaround using constant expression
10 int8 y := -127 - 1 ;OK
11

12 ;Valid assignment
13 raw16 z := 65535 ;OK
14

3.6 Memory organization

3.6.1 Program Memory

MYBUG assumes a statically organized program memory model. All executable code generated by the
compiler is placed into fixed program memory locations during compilation and remains unchanged
during program execution. This approach simplifies code generation, improves traceability between
source code and machine instructions, and avoids the additional complexity associated with dynamic code
management mechanisms.

From a language perspective, the program memory model is intended to remain universal and inde-
pendent of any particular MCU architecture. Nevertheless, certain processor families impose architectural
constraints that must be considered by the backend code generator. One example is the PIC16F8x family,
whose program memory is divided into multiple program banks.

On PIC16F8x devices, instructions such as CALL, GOTO, and calculated jumps implemented through
explicit modifications of the program counter register PCL may require prior program bank selection.
Before execution can continue at a destination located in another program memory bank, the compiler
must ensure that the appropriate paging information has been loaded into the corresponding control
registers.

Particular care must be taken when conditional branches are involved. Instructions such as:

• BTFSC

• BTFSS

• DECFSZ

• INCFSZ

do not perform ordinary jumps. Instead, they conditionally skip the immediately following instruc-
tion. Since the skipped instruction is frequently a GOTO, the required page selection must already have
been established before the branch instruction is executed. Consequently, the compiler emits PAGESEL
instructions before the corresponding conditional branch rather than immediately before the target jump
instruction.

Consider the following generated code fragment:

Example 3.26. Branching and page selection.

1 MOVLW 0
2 MOVWF x_0
3
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4 PAGESEL ifnset_1001
5

6 BTFSS STATUS ,Z
7 GOTO ifnset_1001
8

9 INCF x_0
10 ifnset_1001:
11 ....

The PAGESEL instruction appears before the conditional test rather than immediately before the GOTO.
This arrangement guarantees that regardless of whether the skip occurs, the subsequent branch instruction
executes with the correct program memory bank already selected.

The same principle applies to compiler-generated loops, conditional structures, switch constructs,
calculated jumps, and subroutine calls. The backend therefore performs page-management analysis as a
dedicated stage of assembler generation, ensuring that all program-memory transfers operate correctly
across bank boundaries while remaining transparent to the MYBUG programmer.

By isolating such architectural details within the backend code generator, MYBUG maintains a processor-
independent language model while still producing correct native code for devices with segmented program
memory organizations such as the PIC16F8x family.

3.6.2 Data Memory

Like program memory, data memory in MYBUG follows a predominantly static allocation model. Variables,
constants, parameters, and compiler-generated temporary objects are assigned fixed memory locations
during compilation and retain these locations throughout program execution. The only significant excep-
tion concerns parameter passing during method invocations, where values are temporarily transferred
through a dedicated data stack.

A fundamental design objective of MYBUG is the complete elimination of variable name ambiguity.
To achieve this, every variable is made globally unique by appending the numerical reference index of its
owning method to the variable name. Here, a method denotes a job, subroutine, or function. Consequently,
even if multiple methods declare variables having identical source-level names, the generated assembler
symbols remain distinct. For example, variables named x belonging to methods with references 0 and
17 would be translated into assembler symbols such as x_0 and x_17. This strategy guarantees that the
compiler can never confuse variables originating from different execution contexts.

Unlike local variables in many conventional programming languages, MYBUG variables are not volatile.
Once allocated, their contents remain preserved after leaving the owning method. Therefore, if a job,
subroutine, or function is called repeatedly, its variables still contain the values left by previous invocations
unless they are explicitly reinitialized.

This behavior can be advantageous in situations where state information must be preserved between
successive method calls. For example, a subroutine may intentionally retain counters, configuration values,
or intermediate computation results across invocations. However, the same mechanism may also become a
source of subtle programming errors if the programmer incorrectly assumes that variables are automatically
reset at method entry. Consequently, explicit initialization is recommended whenever a deterministic initial
state is required.

Each job possesses its own dedicated data stack. This stack is used primarily for parameter transfer
and temporary data exchange associated with method invocations. By assigning an independent stack to
every job, MYBUG preserves execution isolation and reduces unintended interactions between concurrent
execution contexts.

Method parameters themselves are implemented as ordinary static variables belonging to the receiving
method. During compilation, parameter declarations therefore become fixed storage locations exactly
like locally declared variables. Nevertheless, when arguments are supplied during a method invocation,
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the actual values are transferred through the data stack. Upon method entry, the compiler-generated pro-
logue retrieves these values from the stack and stores them into the corresponding static parameter variables.

For low-level code generation, MYBUG additionally employs a collection of compiler-managed system
variables. On PIC16F8x targets, primitive operations are generally implemented through job-specific
variables such as sys_x, sys_y, sys_z, and sys_t. These variables serve as standardized operands and
result locations for compiler-generated low-level routines.

For example, arithmetic additions are typically expanded as inline code fragments rather than im-
plemented through conventional function calls. The compiler first copies the operands into sys_x and
sys_y, performs the arithmetic operation, and leaves the result in sys_x. This convention simplifies
code generation, reduces call overhead, and provides a uniform interface for architecture-specific native
primitives.

As with ordinary user variables, these system variables are made unique by appending the owning job
reference. Thus symbols such as sys_x_0, sys_x_5, or sys_y_12 belong to different execution contexts
and cannot interfere with one another. This mechanism further contributes to the deterministic and
isolated execution model that characterizes the MYBUG architecture.

4 iCode Snippets

Like its predecessor CERES, MYBUG employs an intermediate representation called iCode in order to separate
the high-level language from the target-specific assembler backend. Consequently, MYBUG statements
are not translated directly into native assembler instructions. Instead, they are first transformed into
iCode, which forms an architecture-independent abstraction layer between the language front-end and the
processor-specific code generator.

The primary purpose of iCode is portability. Since the iCode layer is independent of a particular MCU
architecture, only the backend translation from iCode to native code must be adapted when targeting a new
processor family. This considerably reduces the effort required to support additional MCU architectures.

Although the underlying idea is inherited from CERES, the internal organization of iCode has been
substantially redesigned. In particular, MYBUG represents operations through parameterized snippet
invocations that can subsequently be transformed into processor-specific implementations by the recursive
macro machine.

4.1 Data Transfer Instructions

The most fundamental iCode instructions are those responsible for moving values between constants,
variables, arrays, and the data stack.

• MOVC_(Type,Bits,Constant,Var,Method)

Moves a constant value into a variable belonging to the specified method context. Since no stack
operation is involved, no job parameter is required.

• PUSHC_(Type,Bits,Constant,Job)

Pushes a constant value onto the data stack associated with the specified job.

• PUSHV_(Type,Bits,Var,Method,Job)
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Pushes a variable value onto the specified job stack.

• PUSHA_(Type,Bits,Var,DBits,Method,Job)

Pushes an array element onto the stack. The parameter DBits specifies the size of the displacement
index used to address the array element.

• Corresponding retrieval operations are provided by

POPV_() and POPA_()

which remove values from the stack and store them into variables or array elements.

• MOVV_(Type,Bits,Var1,Method1,Var2,Method2,Job)

Copies one variable directly into another variable. The explicit Job parameter exists primarily for
optimization purposes. During compiler optimization, consecutive PUSHV_ and POPV_ pairs may be
replaced automatically by a simpler MOVV_ instruction.

4.2 Control-Flow Instructions

Program flow is represented through a small collection of architecture-independent control instructions.

• LABEL_(Name)

• GOTO_(Name)

• CALL_(Name)

• RETURN_()

• SKIP_F_()

• SKIP_T_()

The two skip instructions correspond to conditional skip operations frequently encountered in MCU
architectures such as the PIC16F8x family.

4.3 Unary Operations

Unary operations generally consume their operand from the stack and leave the resulting value on the stack.
Most unary instructions share the common parameter structure:

(Type,Bits,Method,Job,Mode)

The Mode parameter is currently always set to zero. It has been reserved for later optimization stages
and advanced code-generation strategies.

Examples include:

• SHL_() – shift left

• SHR_() – shift right

• RTL_() – rotate left
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• RTR_() – rotate right

• CHS_() – change sign

• NOT_() – bitwise inversion

• ABS_() – absolute value

• SGN_() – sign extraction

• SWAP_() – word, byte or nibble exchange

• HIGH_() – high byte(s) or nibble

• LOW_() – low byte(s) or nibble

• LOG2_() – integer l o g2 function

• SQRT_() – integer squareroot

• INT8_() – type cast functions

• INT16_()

• INT32_()

• RAW8_()

• RAW16_()

• RAW32_()

• INCR_() – increment

• DECR_() –decrement

4.4 Dyadic Operations

Dyadic operations consume two operands and produce a single result. Like unary instructions, they gener-
ally use the parameter structure

(Type,Bits,Method,Job,Mode)

Examples include:

• ADD_()

• SUB_()

• MUL_()

• DIV_()

• MOD_()

• AND_()

• OR_()

• XOR_()

Certain computationally more complex operations require additional compiler-generated labels. For
this reason, instructions such as MUL_(), DIV_(), MOD_(), and SQRT_() possess an additional label
parameter that allows the backend to generate temporary control-flow structures without risking label
collisions.

The iCode instruction set intentionally remains compact. Its purpose is not to model every target
architecture directly, but rather to provide a stable intermediate abstraction layer from which efficient
processor-specific implementations can be synthesized automatically by the recursive macro machine and
backend code generator.
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4.5 Function Invocation Semantics in iCode

Most computational iCode instructions operate on values residing on the job’s data stack. Consequently,
before a unary or dyadic operation can be executed, the required operands must first be transferred to the
stack through one or more PUSHC_(), PUSHV_(), or PUSHA_() instructions.

For example, the sequence

PUSHC_(u,8,123,0)
SHL_(u,8,0,0,0)

pushes the constant value 123 onto the stack belonging to job 0 and subsequently requests a logical left
shift operation.

Although unary operations conceptually consume one operand and produce one result, the compiler
must ensure that the stack remains balanced throughout code generation. Therefore, most iCode function
implementations follow a common three-stage structure:

1. Pop the operand from the stack into a compiler-managed temporary variable.

2. Perform the requested operation on that temporary variable.

3. Push the resulting value back onto the stack.

For the previous example, the generated snippet structure therefore begins with:

POPV_(u,8,sys_x,0,0)

which retrieves the operand from the stack and stores it into the compiler-managed temporary variable
sys_x_0.

The actual computation is then delegated to a recursive implementation snippet:

SHL_basic(Type,Bits,Var,Offset,Method)

which, for the present example, receives the arguments

SHL_basic(u,8,sys_x,0,0)

and performs the required operation directly on the temporary variable.

After completion, the modified value is returned to the stack through

PUSHV_(u,8,sys_x,0,0)

thereby restoring the stack discipline expected by subsequent iCode operations.

A notable feature of many recursive implementation snippets is the use of an Offset parameter. This
parameter identifies the currently processed processor-width fragment of a multi-byte object and allows
recursive algorithms to operate successively on larger data structures.

For most recursive operations, the initial invocation starts with

Offset = 0

and each recursive call increments the offset until the complete object has been processed. This strategy
is employed, for example, by left-shift operations and many arithmetic routines that naturally propagate
from lower-order bytes toward higher-order bytes.

Certain operations require the reverse traversal order. A typical example is the logical right-shift opera-
tion. In this case, processing must begin with the most significant processor-width fragment and continue
toward the least significant fragment. Consequently, the initial invocation becomes
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Offset = floor(Bits/ProcessorWidth)-1

and each recursive call decrements the offset until zero is reached.

For an 8-bit PIC16F8x target, a 32-bit right shift would therefore begin with

Offset = floor(32/8)-1 = 3

causing the recursive implementation to process byte offsets

3, 2, 1, 0

in descending order.

This offset-driven recursion mechanism forms one of the central building blocks of the MYBUG back-
end architecture. It enables a comparatively small collection of primitive snippets to generate efficient
implementations for arbitrarily sized data types while maintaining strict portability across different MCU
architectures and processor widths.

4.6 Operation Chaining and the Mode Optimization

One of the most important optimizations performed at the iCode level concerns the elimination of redun-
dant stack operations. Since most unary and dyadic iCode instructions consume their operands from the
stack and subsequently push their result back onto the stack, naïvely generated instruction streams would
contain a large number of unnecessary POPV_() and PUSHV_() operations.

To reduce this overhead, the MYBUG compiler analyzes sequences of compatible operations and allows
neighboring instructions to share intermediate results directly through compiler-managed temporary
variables. This optimization is controlled by the Mode parameter present in most unary and dyadic iCode
operations.

The following mode values are currently defined:

• Mode=0

The operation is treated as a stand-alone instruction. Unary operators perform one initial pop, dyadic
operators perform two initial pops, and both variants push their result back onto the stack.

• Mode=1

The following operation is a compatible commutative operation. Consequently, the current operation
performs its normal initial pop sequence but omits the final push. The result remains available in the
compiler-managed temporary variables for direct reuse.

• Mode=2

The current operation follows a compatible operation that omitted its final push. Therefore, the
current instruction reuses one operand already present in the temporary variable area and performs
only the additional pop required to obtain the remaining operand. At completion, the result is pushed
back onto the stack.

• Mode=3

The current operation follows a compatible predecessor and is itself followed by another compatible
operation. Consequently, it performs only the minimum required pop operations and also omits its
final push. The intermediate result remains entirely within the temporary variable area.

For dyadic operators, the optimization can be summarized as follows:
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Mode Behavior
0 Two initial pops, one final push
1 Two initial pops, no final push
2 One initial pop only, one final push
3 One initial pop only, no final push

For unary operators, the corresponding behavior is analogous, except that only a single operand nor-
mally needs to be popped from the stack.

The optimization is particularly effective when several commutative operations appear consecutively
within an expression. Consider the statement

1 raw8 a,b,c,d
2

3 d:=a|(b+c)

Without optimization, the generated code would contain multiple intermediate push and pop opera-
tions. After mode optimization, however, the compiler produces:

1 PUSHV_(u,8,a,0,0)
2 PUSHV_(u,8,b,0,0)
3 PUSHV_(u,8,c,0,0)
4

5 ADD_(u,8,0,0,1)
6 OR_(u,8,0,0,2)
7

8 POPV_(u,8,d,0,0)

In this example, the ADD_() operation is assigned Mode=1. It therefore performs its normal operand
retrieval but omits the final push operation because its result will be consumed immediately by the subse-
quent OR_() operation.

The OR_() instruction receives Mode=2. As a consequence, it reuses the intermediate result already
present in the compiler-managed temporary variables and requires only the additional operand from the
stack. The otherwise necessary push/pop pair between both operations is therefore eliminated completely.

The resulting assembler code is shorter, requires fewer memory accesses, reduces stack traffic, and
executes faster. Because the optimization operates entirely at the iCode level, these improvements are
obtained automatically without requiring any intervention from the programmer.

This mechanism illustrates one of the principal advantages of the iCode architecture: optimization
decisions can be performed on a processor-independent representation before final assembler generation
takes place, thereby improving efficiency while preserving portability and deterministic code generation.

4.7 Multiplication et al

Unlike many modern processors, classical RISC microcontrollers such as the PIC16F8x do not provide dedi-
cated hardware multiplication instructions. Consequently, multiplication must be implemented entirely in
software. Rather than introducing separate handwritten multiplication routines for every supported data
representation, MYBUG generates the required implementations automatically through the iCode layer and
the recursive macro machine.

The underlying algorithm is based on the well-known shift-and-add multiplication method. For un-
signed operands, two source values x and y are multiplied while accumulating the result in a third variable
z. The algorithm may be expressed in MYBUG-like pseudocode as follows:

Example 4.1. Shift-and-add algorithm for the multiplication.

1 ;fundamental multiplication applying shift-and-add strategy
2 raw8 x,y,z ;may be raw16 or raw32
3
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4 z:=0
5 loop {
6 if (y=0) { quit }
7 if (lsb(y)=1) { z:=z+x } ;least significant bit
8 x:=shl(x)
9 y:=shr(y)

10 }
11 ;result of the multiplication z:=x*y

The algorithm repeatedly examines the least significant bit of the multiplier. Whenever this bit is set,
the current value of the multiplicand is added to the accumulated result. Subsequently, the multiplicand is
shifted left by one position, while the multiplier is shifted right. The process terminates when the multiplier
becomes zero.

A significant advantage of this approach is that it is naturally scalable to arbitrary operand widths. The
same algorithm can therefore be used for raw8, raw16, and raw32 values without requiring any conceptual
modification.

Within the iCode layer, the unsigned multiplication algorithm is implemented by the recursive snippet
MUL_root(). The compiler first clears the result variable sys_z, then repeatedly tests whether sys_y has
reached zero. If not, the least significant bit of sys_y is examined. Whenever this bit is set, sys_x is added
to the accumulated result stored in sys_z. The multiplicand and multiplier are then shifted and the loop is
repeated.

The implementation is completely independent of the actual operand width. Width-specific multiplica-
tion routines are generated automatically through:

MULu8()
MULu16()
MULu32()

which are themselves synthesized from the common MUL_root() implementation. As a consequence,
support for larger integer representations requires no additional handwritten multiplication code.

Signed multiplication is derived automatically from the unsigned implementation. Before invoking the
unsigned multiplication routine, the compiler-generated helper snippet int_MULDIVMOD() converts both
operands to their absolute values while simultaneously recording the resulting sign. This is achieved by
examining the sign bit of each operand and accumulating the sign information in the temporary variable
sys_u.

After the unsigned multiplication has completed, the recorded sign information is inspected. If the final
result must be negative, the compiler automatically applies two’s-complement negation to the result stored
in sys_z. Thus, signed multiplication is obtained without requiring a separate multiplication algorithm.

At the user-visible iCode level, multiplication is represented through:

MUL_(Type,Bits,Method,Job,Local,Mode)

Like other arithmetic operations, the instruction retrieves its operands from the data stack. The first
operand is stored in sys_x, the second in sys_y, and the resulting product is produced in sys_z. De-
pending on the optimization Mode, the final result is either pushed back onto the stack or retained in the
compiler-managed temporary variables for immediate reuse by subsequent operations.

This design illustrates a recurring principle throughout the MYBUG architecture: complex arithmetic
functionality is synthesized automatically from a small collection of elementary processor-width operations.
As a result, portability is preserved while the amount of architecture-specific handwritten native code re-
mains comparatively small.

Example 4.2. Shift-and-add algorithm for the multiplication expressed in iCode and .Code terms. Theoret-
ically, this could be applied for any data representation 2N , with N ≧ 3.
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1 ;--------------MUL------------------------------------
2 <snippet> MUL_root(Type,Bits,Job,$Local)
3 CLRF_basic(Type,Bits,sys_z,0,Job)
4 LABEL_(mulLOOP_$Local)
5 EQZERO_basic(Type,Bits,sys_y,0,Job)
6 SKIP_F_()
7 GOTO_(mulEND_$Local)
8 BRANCHBIT_basic(Type,Bits,sys_y,0,Job,S)
9 GOTO_(mulCONTINUE_$Local)

10 ADD_basic(Type,Bits,sys_z,sys_x,0,Job)
11 LABEL_(mulCONTINUE_$Local)
12 .prefixsh(sys_x,Job)
13 SHL_basic(Type,Bits,sys_x,0,Job)
14 .prefixsh(sys_y,Job)
15 SHR_basic(Type,Bits,sys_y,floor(Bits/ProcessorWidth)-1,Job)
16 GOTO_(mulLOOP_$Local)
17 LABEL_(mulEND_$Local)
18 </snippet>
19

20 <macro> defMULsub($Job)
21 subroutine MULu8()
22 {
23 MUL_root(u,8,$Job,u8_$Job)
24 }
25 subroutine MULu16()
26 {
27 MUL_root(u,16,$Job,u16_$Job)
28 }
29 subroutine MULu32()
30 {
31 MUL_root(u,32,$Job,u32_$Job)
32 }
33 </macro>
34

35 defMULsub(0); everytime a new job is created, this macro must be
invoked with the correct job reference; at start only job=0 is
required

36

37 <snippet> int_MULDIVMOD (Type,$Bits,$Job,$Local,$Operation,DEST)
38 ; calculate abs(sys_x), abs(sys_y), while storing
39 ; xored sign_bits of both variables
40 CLRF_basic(Type,8,sys_u,0,$Job)
41 BRANCHNEG_basic(Type,$Bits,sys_x,$Job,S)
42 GOTO_(skp_CHS1_$Local)
43 MOVC_(local,8,0x80,sys_u,$Job)
44 NOT_basic(Type,$Bits,sys_x,0,$Job)
45 CHS_basic(Type,$Bits,sys_x,0,$Job)
46 LABEL_(skp_CHS1_$Local)
47 BRANCHNEG_basic(Type,$Bits,sys_y,$Job,S)
48 GOTO_(skp_CHS2_$Local)
49 XOR_constant(u,8,0x80,sys_u,0,$Job)
50 NOT_basic(Type,$Bits,sys_y,0,$Job)
51 CHS_basic(Type,$Bits,sys_y,0,$Job)
52 LABEL_(skp_CHS2_$Local)
53 CALL_($Operationu$Bits_$Job)
54 BRANCHBIT_basic(Type,8,sys_u,7,$Job,S)
55 GOTO_(skp_CHS3_$Local)
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56 NOT_basic(Type,$Bits,DEST,0,$Job)
57 CHS_basic(Type,$Bits,DEST,0,$Job)
58 LABEL_(skp_CHS3_$Local)
59 </snippet>
60

61 <snippet> MUL_(Type,$Bits,Method,$Job,$Local,Mode)
62 POPV_(Type,$Bits,sys_y,$Job,$Job)
63 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
64 POPV_(Type,$Bits,sys_x,$Job,$Job)
65 </if>
66

67 <if> (Type=i)
68 int_MULDIVMOD (Type,$Bits,$Job,$Local,MUL,sys_z)
69 </if>
70 <default>
71 CALL_(MULu$Bits_$Job)
72 </default>
73

74 <if>(Mode&1=0) ;only 0 or 2 have final push
75 PUSHV_(Type,$Bits,sys_z,$Job,$Job)
76 </if>
77 <default> ;because product is in sys_z, it must be transferred

to sys_x in order to be consistent with the whole mode
optimization management

78 MOVV_(Type,$Bits,sys_z,$Job,sys_x,$Job,$Job)
79 </default>
80 </snippet>

The same architectural philosophy is subsequently applied to division, modulo, and square-root oper-
ations. Rather than relying on dedicated hardware support, these functions are synthesized automatically
from processor-width primitives through recursive iCode snippets. Division and modulo are based on a
binary restoring division algorithm, while squareroot is built upon Toepler’s algorithm. In all cases, the un-
derlying objective remains unchanged: a small collection of portable elementary operations is combined
recursively to construct efficient implementations for arbitrarily sized data types while preserving portabil-
ity across MCU families.

Example 4.3. Restoring division algorithm.

1 ;fundamental binary restoring division algorithm
2 raw8 x,y,z,t ;may be raw16 or raw32
3

4 z:=0
5 t:=1
6

7 loop { ;align y and t
8 if (msb(y)!=0) { quit } ;most significant bit
9 t:=shl(t)

10 y:=shl(y)
11 }
12

13 loop {
14 if (x>=y) {
15 x:=x-y
16 z:=z+t
17 }
18 y:=shr(y)
19 t:=shr(t)
20 if t=0 { quit }
21 }; result of division in z, modulo in x
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Example 4.4. Binary squareroot algorithm based on Toepler’s method.

1 ;Toepler's algorithm for the square root
2 <define>N:=8</define>; may be 16 or 32
3 raw$N x,y,m,b
4

5 m:=pow(2,N-2)
6 y:=0
7

8 loop {
9 if m=0 { quit }

10 b:=y|m
11 y:=shr(y)
12 if (x>=b) {
13 x:=x-b
14 y:=y|m
15 }
16 m:=shr(shr(m)) ;two successive right shifts
17 }; squareroot in y

5 Sample programs for Microchip PIC16F88

5.1 Blink LEDs

Example 5.1. This program controls two LEDs that are blinking alternately.

1 <insert>_pic16F88_5.jan </insert> ;most actual .Code file
containing native code

2 <insert> iCode_Microchip_1.jan </insert> ;most actual iCode file
adapted for the Microchip PIC-family

3

4 <define> FREQUENCY:=8000000 </define> ;this constant is needed in
various timer-related routines

5

6 <define> TRISA:=133 </define> ;actual MyBug version doesn't accept
hex values at compiler instruction level

7 <define> PORTA:=5 </define>
8

9 <define> GREEN:=1 </define> ;Green LED is connected to RA1
10 <define> RED:=0 </define> ; Red LED is connected to RA2
11

12 <macro> setup_LEDS() ;simplifying the main code by using macros
13 clearbit(TRISA,RED)
14 clearbit(TRISA,GREEN)
15 </macro>
16

17 <macro> LED_ON(LED)
18 setbit(PORTA,LED)
19 </macro>
20

21 <macro> LED_OFF(LED)
22 clearbit(PORTA,LED)
23 </macro>
24

25 ;----------------------------------------------------------------
26 .configure(INTRC_IO,WDT_OFF,NONE) ;internal oscillator, no

watchdog, no interrupts
27 setup_LEDS() ; macro invocation
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28 ;----------------------------------------------------------------
29

30 loop {
31 LED_ON(GREEN)
32 LED_OFF(RED)
33 delay(1000);
34 LED_OFF(GREEN)
35 LED_ON(RED)
36 delay(1000)
37 }

Nota Bene For better readablility, the programmer can gather supporting or configuration instructions in
a separate file, for example: setup_blink.jan, which is inserted at the programm beginning, or wherever it is
required.

Example 5.2. This program controls two LEDs that are blinking alternately.

1 ; Program name: 88_blink.jan
2 ; Object file name: 88_blink.asm
3 ; Uses: setup_blink.jan
4 ; MCU: PIC16F88
5 ; Configuration: internal oscillator, no interrupts,
6 ; used pins: RA0, RA1 (output)
7 ; Author: Claude Baumann
8 ; Date: 02/06/2026
9 ; Version: 1.0

10 ; Revisions:
11 ; Description: Blink two LEDs on 16F88 ports RA0 and RA1
12 ; alternately every second
13 ;---------------------------------------------------------
14

15 <insert> setup_blink.jan </insert>
16

17 .configure(INTRC_IO,WDT_OFF,NONE)
18 setup_LEDS() ; macro invocation
19

20 loop {
21 LED_ON(GREEN)
22 LED_OFF(RED)
23 delay(1000);
24 LED_OFF(GREEN)
25 LED_ON(RED)
26 delay(1000)
27 }

5.2 “Hello World” on UART

Example 5.3. This program sends “Hello World” via UART, blinks the red LED rapidly via TMR0 interrupts and
flashes the green LED once a second in the main loop.

1 ; Program name: 88_hello_world.jan
2 ; Object file name: 88_hello_world.asm
3 ; Uses: setup_blink.jan
4 ; MCU: PIC16F88
5 ; Configuration: internal oscillator, interrupts,
6 ; used pins: -RA0, RA1 (output)
7 ; -RB2 (RX), RB5 (TX) (both input)
8 ; used modules: SSP module in UART mode at 9600bd)
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9 ; Author: Claude Baumann
10 ; Date: 02/06/2026
11 ; Version: 1.0
12 ; Revisions:
13 ; Description: Send ``Hello World? '' via UART, blink the red LED
14 ; rapidly via TMR0 interrupts and flash the green LED
15 ; once a second in the main loop.
16 ;---------------------------------------------------------
17

18 <insert> setup_blink.jan </insert>
19 <insert> ascii.jan </insert> ;has ASCII values and digit_to_ascii(

raw8 digit) function
20

21 .configure(INTRC_IO,WDT_OFF,ISR)
22 .configure_uart(9600,NONE) ;UART configuration .Code is part of

_pic16F88_5.jan
23 setup_LEDS()
24 .config_TMR0(7); part of _pic16F88_5.jan: .config_TMR0(PS), where

PS is the timer prescale; 7->1:256
25 ; 8-bit TMR0 interrupt happens after t_i=t_osc*4*256*256=0.033s at

8MHz, i.e. 30Hz
26 .config_TMR0_interrupt()
27

28 enable; enables all configured interrupts
29

30 job isr() { ;job ``isr'' or ``ISR'' is an exception: it is
considered as a subroutine, but with job attributes, and it's
Assembler label is not job_context, but simply isr_0; also it
ends with a RETURN instruction instead of an endless loop.

31 boolean t
32 .isr_TMR0_prefix() ;checks whether TMR0 interrupt is enabled

AND pending. If not so, isr skips TMR0 interrupt handling
33 if t { ;because ``t'' is static, it keeps its value from the

previous interrupt call of isr()
34 t:=FALSE
35 LED_ON(RED)
36 }
37 default {
38 t:=TRUE
39 LED_OFF(RED)
40 }
41 .isr_TMR0_postfix() ; clears TMR0 interrupt condition
42 }
43

44 ; main loop follows here
45 constant N:=13
46 array raw8 text[N]:=["H","E","L","L","O","Space","W","O","R","L","

D","?","Space"]
47 raw8 index
48 raw8 current
49 loop {
50 LED_ON(GREEN)
51 take index from [0,N) {
52 current:=text[index]
53 .uart_tx_byte(current,context,local_id) ; use ``main''

reference (=``context'') and create a unique label id
54 }
55 LED_OFF(GREEN)
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56 delay(1000)
57 }

5.3 Read ADC channel

Example 5.4. This program reads ADC values, sends the decimal value via UART and switches between red
and green LED according to the measured ADC value

1 ; Program name: 88_ADC_test.jan
2 ; Object file name: 88_ADC_test.asm
3 ; Uses: setup_blink.jan
4 ; MCU: PIC16F88
5 ; Configuration: internal oscillator, no interrupts,
6 ; used pins: -RA0, RA1 (output)
7 -RA2 (ADC channel 2) (input)
8 ; -RB2 (RX), RB5 (TX) (both input)
9 ; used modules: -SSP module in UART mode at 9600bd)

10 -ADC module
11 ; Author: Claude Baumann
12 ; Date: 02/06/2026
13 ; Version: 1.0
14 ; Revisions:
15 ; Description: Reads ADC values, send the decimal value via UART

and switch between red and green LED according to the measured
ADC value. Program uses Double-Dabble binary-to-BCD

conversion.
16 ;---------------------------------------------------------
17

18 <insert>setup_blink.jan</insert>
19 .configure(INTRC_IO,WDT_OFF,NONE)
20 setup_LEDS()
21 LED_ON(GREEN)
22 LED_OFF(RED)
23

24 ;configure ADC channel--------------------------------
25

26 .config_ADC(b'100',L) ;configure RA2 as ADC channel2, use left
justification, so 8-bit conversion is in ADRESH, lower 2 bits
are ignored in this example

27 .select_ADC_channel(2)
28

29 <snippet> transfer_from(SFR,$_Bank,$Var,$Method) ;needed for
access to PIC 8-bit SFRs

30 ; this snippet gives access to Special File Registers (SFR)s
31 #BANK$_Bank
32 #MOVF SFR,W
33 #BANKSEL $Var_$Method
34 #MOVWF $Var_$Method
35 </snippet>
36 <define> ADC:=ADRESH </define> ; define alias for ADRESH
37

38 ;configure print out via UART------------------------
39

40 <insert> ascii.jan </insert>
41 use_ascii_functions() ; macro call to activate digit_to_ASCII(raw8

digit) function
42 <insert> _pic_output.jan </insert> ;various functions such as

binary_to_BCD, or print_binary_number(...)
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43 use_pic_output_functions(8); macro call to activate those
functions for 8 bits

44

45 .configure_uart(9600,NONE)
46

47 ;endless loop reading ADC, controlling LEDs and printing-----
48

49 raw8 current_ADC,current_TX,index
50 constant N:=1 ; number_of_BCD_bytes-1; needed in binary_to_BCD

conversion
51

52 loop {
53 .get_ADC(local_id)
54 transfer(ADC,0,current_ADC,context)
55

56 if (current_ADC>123) {
57 LED_ON(RED)
58 LED_OFF(GREEN)
59 }
60 altif (current_ADC<126) {
61 LED_OFF(RED)
62 LED_ON(GREEN)
63 }
64 default {
65 ;do nothing in dead zone
66 }
67

68 binary_to_BCD_8(current_ADC)
69 take index from [0,N] { ; 8-bit Double-Dabble binary-to-BCD

conversion needs 2 bytes (3 decimal digits as 4-bit nibble)
70 print_byte_number(_BCD[N-index]) ;print 10^2 value, then

10^1 and 10^0 together
71 }
72 current_TX:="Space"
73 .uart_tx_byte(current_TX,reference(main),local_id)
74 delay(100)
75 }

Example 5.5. Alternative program: only send significant digits.

1 ...
2 ...
3 boolean leading_zero
4 ...
5 ...
6 if (current_ADC!=0) {
7 binary_to_BCD_8(current_ADC)
8 leading_zero:=TRUE
9 take index from [0,N] {

10 leading_zero:=print_byte_number2(_BCD[N-index],
leading_zero)

11 }
12 }
13 default { ;special case, if ADC value is zero
14 current_TX:="_zerO" ;send 0x30
15 .uart_tx_byte(current_TX,reference(main),local_id)
16 }
17 ...
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5.4 Control an RC-Servo Motor from ADC Values

Example 5.6. This program samples an ADC channel in the main loop at a rate of approximately 20 Hz. The
8-bit ADC result is scaled by a factor of four through two successive calls to the shr (shift-right) function. The
resulting value is stored in the global variable tmp8, which is subsequently transmitted over the UART as a
binary value.

A 270◦ RC servo motor (MIUZEI MS61-B) is controlled using a standard PWM signal with a repetition rate
of approximately 60 Hz. The PWM frame period is generated by TMR0 interrupts. The pulse width is adjusted
according to the value of tmp8, producing pulse lengths ranging from approximately 500 µs to 2500 µs for
tmp8 values between 7 and 35. At present, no bounds checking is performed on tmp8, so values outside this
range may generate invalid pulse widths.

Each TMR0 interrupt initiates a new PWM cycle by setting pin RA0 high, clearing the TMR2 register, and
enabling TMR2 interrupts. During each TMR2 interrupt, a software counter is incremented. Once this counter
reaches or exceeds the value stored in tmp8, pin RA0 is driven low, thereby terminating the PWM pulse, and
further TMR2 interrupts are disabled until the next TMR0 interrupt occurs.

The PWM pulse width is adjusted with a resolution of approximately 72 µs, which corresponds to roughly
10◦ of servo rotation. Consequently, an increment or decrement of one unit in tmp8 produces an angular
change of about 10◦. This resolution is sufficient for the present application. Although the servo motor
itself is specified to provide a positioning precision of approximately 3◦, the implemented control method
intentionally sacrifices angular resolution in favor of simplicity and low computational overhead.

The PWM pulse width is adjusted with a resolution of approximately 72 µs, which corresponds to roughly
10◦ of servo rotation. Consequently, an increment or decrement of one unit in tmp8 produces an angular
change of about 10◦. This resolution is sufficient for the present application. Although the servo motor
itself is specified to provide a positioning precision of approximately 3◦, the implemented control method
intentionally sacrifices angular resolution in favor of simplicity and low computational overhead.

The chosen resolution is largely determined by interrupt overhead. At an oscillator frequency of 8 MHz,
timer interrupts could theoretically be generated at intervals of approximately 10 µs if interrupt latency and
ISR execution time were neglected. In practice, the TMR2 interrupt service routine requires approximately 72
instruction cycles (about 36 µs), making significantly shorter interrupt periods impractical. Empirical testing
showed that a PR2 value of 140 provided the best linear relationship between tmp8 and the resulting pulse
width, and was therefore selected.

1 <insert>_pic16F88_5.jan </insert>
2 <insert> iCode_Microchip_1.jan </insert>
3 <define> FREQUENCY:=8000000 </define>
4 .configure(INTRC_IO,WDT_OFF,ISR)
5 .configure_uart(9600,NONE)
6

7 <define> TRISA:=133</define>
8 <define> PORTA:=5 </define>
9 <define> SERVO:=0 </define>; servo motor on RB0

10 clearbit(TRISA,SERVO)
11

12 ;configure ADC channel--------------------------------
13

14 .config_ADC(b'100',L) ;configure RA2 as ADC channel2, use left
justification, so 8-bit conversion is in ADRESH, lower 2 bits
are ignored in this example

15 .select_ADC_channel(2)
16

17 <snippet> transfer_from(SFR,$_Bank,$Var,$Method) ;needed for
access to PIC 8-bit SFRs

18 ; this snippet gives access to Special File Registers (SFR)s
19 #BANK$_Bank
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20 #MOVF SFR,W
21 #BANKSEL $Var_$Method
22 #MOVWF $Var_$Method
23 </snippet>
24

25 <define> ADC:=ADRESH </define> ; define alias for ADRESH
26

27 .config_TMR0(6);
28 ; 8-bit TMR0 interrupt happens after t_i=t_osc*4*256*128=16.3ms at

8MHz, i.e. 61Hz
29 .config_TMR0_interrupt()
30

31 <snippet> .endisable_TMR2_interrupt($X)
32 #BANK1
33 #B$XF PIE1,TMR2IE
34 </snippet>
35

36 <snippet>clearTMR2()
37 #BANK0
38 #CLRF TMR2
39 </snippet>
40

41 .configure_TMR2(0,0,140)
42 .configure_TMR2_interrupt()
43

44 enable; enables all configured interrupts
45 raw8 current_ADC
46 raw8 tmp8
47 loop {
48 .get_ADC(local_id)
49 transfer_from(ADC,0,current_ADC,context)
50 tmp8:=shr(shr(current_ADC))
51 .uart_tx_byte(tmp8,context,local_id)
52 delay(50)
53 }
54 ;---------------Interrupt Service Routine---------------
55 job isr() {
56 raw8 counter
57 ;react on TMR0 interrupts
58 .isr_TMR0_prefix() ; the next 3 lines are skipped, if TMR0

didn't overflow
59 setbit(PORTA,SERVO)
60 clearTMR2()
61 .endisable_TMR2_interrupt(S) ;"S" enables the interrupt, "C"

disables it
62 .isr_TMR0_postfix() ; clears TMR0 interrupt condition
63

64 ;now react on TMR2 interrupts
65 .isr_TMR2_prefix()
66 counter:=counter+1
67 if (counter>@tmp8) {
68 .endisable_TMR2_interrupt(C)
69 counter:=0
70 clearbit(PORTA,SERVO)
71 }
72 .isr_TMR2_postfix()
73 }
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6 Target Platform: PIC16F13145 and MPLAB X

6.1 The PIC16F13145 and the Curiosity Nano Board

The PIC16F88 was introduced in the early 2000s and became one of the most widely used members of
Microchip’s mid-range PIC family. In contrast, the PIC16F13145 was introduced in 2024 as part of a new
generation of enhanced 8-bit microcontrollers featuring configurable logic peripherals, expanded memory
resources, and a considerably richer peripheral set. Consequently, the two devices are separated by approx-
imately twenty years of technological development.

Like the PIC16F88 used throughout the original CERES project, the PIC16F13145 is based on a Harvard
architecture with physically separated program and data memories. Both devices therefore share many
fundamental architectural concepts, including memory-mapped Special Function Registers (SFRs), banked
memory organization, interrupt support, and deterministic instruction execution.

At the same time, the PIC16F13145 provides substantially more resources than the older PIC16F88. It
offers larger program and data memories, an improved clock system, modern communication peripherals,
enhanced timer modules, configurable logic peripherals, and numerous hardware features that were either
unavailable or uncommon when the PIC16F88 was introduced. The device is representative of contempo-
rary low-cost embedded controllers intended for both educational and industrial applications.

For the experiments described in this report, the PIC16F13145 is used on Microchip’s Curiosity Nano
development board. The board integrates a USB debugger/programmer, power supply circuitry, and
convenient access to the device pins. As a result, firmware can be developed, programmed, and debugged
without requiring additional hardware.

Although separated by nearly two decades of technological evolution, the PIC16F88 and PIC16F13145 re-
main remarkably similar from a conceptual perspective. Both devices execute native assembler instructions,
both expose hardware through Special Function Registers, and both ultimately require the programmer
to understand the relationship between software and hardware resources. The underlying principles of
embedded programming therefore remain largely unchanged despite the considerable increase in hardware
capabilities.

6.2 MPLAB X and MPLAB Code Configurator

Microchip’s current development ecosystem is centered around MPLAB X IDE. Unlike the older MPLAB 8
environment traditionally used with the PIC16F88, MPLAB X provides an advanced integrated development
environment supporting project management, source-level debugging, device programming, simulation,
and peripheral configuration.

In practice, MPLAB X is primarily designed for C-language development through the XC8/16/32 com-
piler. Many projects additionally rely on the MPLAB Code Configurator (MCC), a graphical configuration
environment that automatically generates initialization and peripheral management code. Using MCC,
timers, communication interfaces, clock sources, and numerous other peripherals can often be configured
through graphical menus without directly manipulating hardware registers.

This development model significantly reduces implementation effort and lowers the entry barrier for
modern MCU programming. At the same time, it introduces additional abstraction layers between the
application source code and the generated machine instructions.

7 Why MYBUG on a Modern MCU?

At first glance, developing firmware with MYBUG on a modern device such as the PIC16F13145 may appear
unnecessary. The device is supported by a mature development ecosystem, a powerful optimizing C com-
piler, extensive software libraries, and graphical tools capable of generating large portions of the required
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code automatically.

Nevertheless, the objectives of MYBUG differ fundamentally from those of conventional development en-
vironments. The primary goal is not maximum development speed, but maximum transparency throughout
the entire software generation process. Every stage, from the high-level MYBUG source code through iCode
and .Code down to the final assembler instructions, remains observable and controllable by the programmer.

This philosophy becomes increasingly relevant as modern software systems rely on ever larger libraries,
automatically generated code, and AI-assisted development tools. While such technologies can improve
productivity, they may also obscure the origin and behavior of the generated software. MYBUG therefore
serves as an experimental platform for investigating whether modern embedded applications can still be
developed using a fully transparent compilation chain whose individual transformations remain under-
standable and verifiable.

The transition from the PIC16F88 to the PIC16F13145 provides an opportunity to evaluate whether
the principles originally developed for CERES on a relatively simple early-2000s microcontroller can still
be applied successfully to a contemporary device released more than twenty years later. In this sense, the
objective is not merely to support a newer target processor, but to determine whether the transparency-
oriented design philosophy of MYBUG remains practical in a modern embedded environment.

The PIC16F13145 provides an ideal test case for this investigation. Despite the availability of sophis-
ticated development tools and extensive hardware support, it remains a resource-constrained embedded
device whose operation can still be understood at the assembler level. Consequently, it offers an excellent
platform for evaluating the practical applicability of the MYBUG methodology on contemporary microcon-
troller hardware.

8 Programming the PIC16F13145 in Assembler

Before introducing the MYBUG implementation for the PIC16F13145, it is useful to review a number of
elementary assembler programming techniques specific to this device family. These examples will establish
the low-level foundations required to understand the subsequent iCode, .Code, and native code generation
mechanisms employed by the MYBUG compiler.

The following subsections therefore focus on selected assembler programming patterns and hardware
configuration procedures that will later serve as reference points for the corresponding MYBUG abstractions.

8.1 Blinking an LED

Example 8.1. The 16F13145 Curiosity Board CNANO has an LED on pin RC2.

1 ; MPLAB X project must be configured with PIC -AS WITHOUT using MCC!
2 ; Program blinks an LED on RC2 at +/- 1Hz.
3

4 PROCESSOR 16 F13145
5 #include <xc.inc > ; rather than invoking P16F13145.inc , MPLAB X uses

this code generator file.
6

7 ;--------------------------------------------------
8 ; CONFIGURATION BITS (minimal configuration)
9 ;--------------------------------------------------

10 CONFIG FEXTOSC = OFF
11 CONFIG RSTOSC = 0x6 ;=1MHz 0x1:=16 MHz 0x0:=32 MHz 0x5 is 32kHz
12 CONFIG CLKOUTEN = OFF
13 CONFIG CSWEN = ON
14 CONFIG FCMEN = OFF
15 CONFIG WDTE = OFF
16 CONFIG BOREN = ON
17 CONFIG LPBOREN = OFF
18
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19 PSECT resetVec ,class=CODE ,delta=2,abs ;program code section , delta
refers to the 2-Byte size of program instructions (in fact 14-
bit)

20

21 ORG 0x0000
22 ;----------------------------------------
23 ; Reset vector
24 ;----------------------------------------
25 resetVec:
26 GOTO start
27

28 PSECT code ,class=CODE ,delta =2
29

30 start:
31

32 ; --- make RC2 digital output ---
33 BANKSEL ANSELC ;by default port is in analog mode
34 CLRF ANSELC ;so clear this
35

36 BANKSEL TRISC ; direction --> output
37 BCF TRISC ,2
38

39 BANKSEL LATC ; set to LOW
40 BCF LATC ,2
41

42 main:
43

44 ; toggle RC2
45 MOVLW 0x04 ; bit 2
46 BANKSEL LATC
47 XORWF LATC ,f
48

49 CALL delay ; +/ -500ms
50 GOTO main
51

52 ; --- visible delay ---
53 delay:
54 MOVLW 0xD1
55 MOVWF 0x20
56 d1:
57 MOVLW 0xD1
58 MOVWF 0x21
59 d2:
60 DECFSZ 0x21,f
61 GOTO d2
62 DECFSZ 0x20,f
63 GOTO d1
64 RETURN
65

66 END

8.2 Flashing an LED using Pulse Width Modulation

Example 8.2. PWM configured via CCP1 module.

1 PROCESSOR 16 F13145
2 #include <xc.inc >
3

4 ;--------------------------------------------------
5 ; CONFIGURATION BITS
6 ;--------------------------------------------------
7 CONFIG FEXTOSC = OFF
8 CONFIG RSTOSC = 0x5 ; internal oscillator at 32kHz
9 CONFIG CLKOUTEN = OFF

10 CONFIG CSWEN = ON
11 CONFIG FCMEN = OFF
12

13 CONFIG WDTE = OFF
14 CONFIG BOREN = ON
15 CONFIG LPBOREN = OFF
16

17 ;--------------------------------------------------
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18 ; RESET VECTOR
19 ;--------------------------------------------------
20 PSECT resetVec ,class=CODE ,delta=2,abs
21 ORG 0x0000
22

23 resetVec:
24 GOTO start
25

26 ;--------------------------------------------------
27 ; CODE
28 ;--------------------------------------------------
29 PSECT code ,class=CODE ,delta =2
30

31 start:
32 ;--------------------------------------------------
33 ; Route CCP1 to RC2
34 ;--------------------------------------------------
35 BANKSEL RC2PPS
36 MOVLW 0x09 ; CCP1 output function cf. Table 18.2
37 MOVWF RC2PPS
38 ;--------------------------------------------------
39 ; Configure RC2 as digital input during configuration
40 ;--------------------------------------------------
41 BANKSEL ANSELC
42 BCF ANSELC , 2 ; RC2 digital
43

44 BANKSEL TRISC
45 BSF TRISC , 2 ; RC2 input shortly
46 ;--------------------------------------------------
47 ; Setup Timer2 for 4Hz PWM
48 ; T2PR= 250
49 ; Prescaler = 1:8 (=1/8)
50 ; PWM Period = (T2PR +1)*4* t_osc/Prescaler
51 ; = 251*4*3 .125E -5/0 .125 =251ms
52 ;--------------------------------------------------
53 BANKSEL T2PR
54 MOVLW 250
55 MOVWF T2PR
56

57 BANKSEL T2CON
58 MOVLW 0b00110000 ; Prescaler 1:8
59 MOVWF T2CON
60

61 ;-------------------------------------------------
62 ; Setup CCP1 PWM (10-bit)
63 ; Duty = 25%
64 ; CCPR1 = 25*4*( T2PR +1) /100 = 251 =0xFB
65 ;-------------------------------------------------
66 BANKSEL CCPR1L
67 MOVLW 0xFB
68 MOVWF CCPR1L
69

70 BANKSEL CCPR1H
71 MOVLW 0x0
72 MOVWF CCPR1H
73

74 BANKSEL CCP1CON
75 MOVLW 0b10001100; EN <7>=1, FMT <4>=0 right align , PWM mode =1100
76 MOVWF CCP1CON
77

78 ;-------------------------------------------------
79 ; Timer2: clock source is f_osc/4
80 ;-------------------------------------------------
81 BANKSEL T2TMR
82 CLRF T2TMR
83

84 BANKSEL PIR2
85 BCF PIR2 ,2 ;clear TMR2 overflow condition
86

87 BANKSEL T2CLKCON
88 MOVLW 0x01
89 MOVWF T2CLKCON ;mapped to f_osc/4
90
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91 BANKSEL T2CON
92 BSF T2CON ,7 ;switch on TMR2
93

94 BANKSEL TRISC ; NOW configure pin as output!
95 BCF TRISC ,2
96

97 ;-------------------------------------------------
98 ; Main loop
99 ;-------------------------------------------------

100 MainLoop:
101 GOTO MainLoop
102

103 END

9 Programming the PIC16F13145 with MYBUG

Example 9.1. Blinking an LED and sending bytes via UART.

1 <insert>_pic16F13145_1.jan </insert>
2 <insert> iCode_Microchip_16F13145.jan </insert>
3 <insert> ascii.jan</insert>
4 <define> FREQUENCY:=32000000 </define>
5 .minimalconfig(0)
6 .configure_pin_output(C,2)
7 .configure_uart(9600,NONE)
8

9 <snippet> .toggle($Port,Pin)
10 .calculate_mask(pow(2,Pin))
11 .bank(0)
12 #XORWF LAT$Port
13 </snippet>
14

15 raw8 i
16 loop {
17 take i from [0,255] {
18 .toggle(C,2)
19 .uart_tx_byte(i,context,local_id)
20 delay(100)
21 }
22 }

Example 9.2. Sending numbers as BCD via UART.

1 <insert>_pic16F13145_1.jan </insert>
2 <insert> iCode_Microchip_16F13145.jan </insert>
3 <insert> ascii.jan</insert>
4 <define> FREQUENCY:=32000000 </define>
5 .minimalconfig(0)
6 .configure_uart(9600,NONE)
7 <insert> _pic_output_P16F13145.jan </insert>
8 use_ascii_functions()
9 use_pic_output_functions(8)

10

11 raw8 k,current_TX,index
12 constant N:=1
13 loop {
14 take k from [0,255] {
15 binary_to_BCD_8(k)
16 take index from [0,N] {
17 print_byte_number(_BCD[N-index])
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18 }
19 current_TX:="Space"
20 .uart_tx_byte(current_TX,context,local_id)
21 delay(100)
22 }
23 }

Appendices
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NOTA BENE: The following code may still contain bugs or incomplete changes from PIC16F88 to PIC16F13145. Especially
"LOG2" has not been tested at all, neither on PIC16F88, nor on PIC16F13145).

A Notes on how to use compiler and libraries

A.1 PIC16F88

1. In LABVIEW open ..\_JAN\Tests\test_macro_parser_16F88.vi

2. Manually insert MYBUG code into one element of Code array control. (Vi will compile the currently visible array
element. So, you can switch between code version, if you like.)

3. If save asm control button is set, vi will try to save correctly compiled code into folder defined in \global_token_JAN.vi
with .asm extension.

4. Error messages are still rudimentary.

5. ..\_JAN\Tests\compiler1.vi has an colored editor. (Needs some work.)

6. Always set the oscillator frequency definition at the very program beginning:

<define> FREQUENCY:=N </define> ;(Hz)

7. Jobs (except for main), functions and subroutines are always compiled. However, they are only integrated into the
end code, if actually called.

8. Some utility functions are only inserted via macro calls. For instance, digit_to_ascii(raw8 digit) should be
inserted first by invoking macro use_ascii_functions()

9. Some minor string/text-processing compiler parts –such as white-space elimination or editor– are vibe-coded as
PYTHON 3.12 modules. They are called from within LABVIEW.

A.2 PIC16F13145

There are only minor differences in the basic libraries, except for the configuration parts.

B iCode library for PIC16F13145 used with MYBUG

1 ; iCode kernel for JAN with Microchip MUC family
2 ;
3 ; Description: - Recursive iCode Snippets that are evaluated during "make" phase. These snippets
4 ; generate native code using .Code (dotCode) primitives. The main idea is to reduce the
5 ; volume of primitive code through code generation for higher bit order.
6 ; - "Bits" parameter is supposed to be a multiple of "ProcessorWidth"
7 ; - "Offset" should never be negative
8 ; - Operation "Mode":
9 ; Mode=0: stand-alone op ==> 2 initial pops (unary 1), 1 final push

10 ; Mode=1: next op is commutative ==> 2 initial pops (unary 1), no final push
11 ; Mode=2: actual op is commutative, previous was valid op from list
12 ; ==> 1 initial pop(y) only (unary 0), but final push
13 ; Mode=3: previous was valid op from list, next is commutative
14 ; ==> 1 initial pop(y) (unary 0) only, no final push
15 ; Author: Claude Baumann
16 ; Version: 1.0 (based on earlier test versions)
17 ; Filename: iCode_Microchip_16F13145.jan
18 ; Start Date: 09/06/2026
19 ; Revision: exact copy of iCode_Microchip_1.jan except for:
20 ; -in snippet sections Division;SQRT,GEQ,LEQ,LT,GT,EQ,NEQ
21 ; use of "STATUS_C_POSITION" instead of "C" and "STATUS_Z_POSITION" instead of "Z"
22 ; WARNINGS: -Never (ever) use 0x followed by characters A-F--> this will cause
23 ; the long identifier to misinterpret the character, because single
24 ; letters such as F or D might appear somewhere in the native code.
25 ; Recommendation: always use decimal numbers.
26 ; ###############################################################################
27

28 ; Offset is the relative address of the concerned variable starting
29 ; from its root address
30

31 ; --------------CLEARSTATUS----------------------------------
32 <snippet> CLEARSTATUS_(bit)
33 .clearstatus(bit)
34 </snippet>
35
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36 ; --------------SETSTATUS------------------------------------
37 <snippet> SETSTATUS_(bit)
38 .setstatus(bit)
39 </snippet>
40

41 ; --------------PUSHC----------------------------------------
42 <snippet> PUSHC_basic(Type,Bits,Const)
43 .pushc(Type,Const&(pow(2,ProcessorWidth)-1))
44 <if> (Bits>ProcessorWidth)
45 PUSHC_basic(Type,Bits-ProcessorWidth,floor(Const/pow(2,ProcessorWidth)))
46 </if>
47 </snippet>
48

49 <snippet> PUSHC_(Type,Bits,Const,Job)
50 .prefixsp(Job)
51 PUSHC_basic(Type,Bits,Const)
52 .postfixsp(Job)
53 </snippet>
54

55 ; --------------PUSHV---------------------------------------
56 <snippet> PUSHV_basic(Type,Bits,Var,Offset,Method,Job)
57 .pushv(Type,Var,Offset,Method)
58 <if> (Bits>ProcessorWidth)
59 PUSHV_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method,Job)
60 </if>
61 </snippet>
62

63 <snippet> PUSHV_(Type,Bits,Var,Method,Job)
64 .prefixsp(Job)
65 PUSHV_basic(Type,Bits,Var,0,Method,Job)
66 .postfixsp(Job)
67 </snippet>
68

69 ;---------------PUSHA--------------------------------------
70 <snippet> CALCDISPL_basic(Bits,Var,DBits,Method)
71 <if> (Bits>ProcessorWidth)
72 SHL_basic(u,DBits,Var,0,Method)
73 CALCDISPL_basic(Bits/2,Var,DBits,Method)
74 </if>
75 </snippet>
76

77 <snippet> MOVINDV_basic(Bits,Var,Offset,Method)
78 .movindv(Bits,Var,Offset,Method)
79 <if> (Bits>ProcessorWidth)
80 MOVINDV_basic(Bits-ProcessorWidth,Var,Offset+1,Method)
81 </if>
82 </snippet>
83

84 <snippet> PUSHA_(Type,Bits,Var,DBits,Method,Job) ;DBits is size of displacement
85 POPV_(u,DBits,sys_t,Job,Job) ;get displacement (always unsigned)
86 CALCDISPL_basic(Bits,sys_t,DBits,Job)
87 .addr_fsr(Var,sys_t,Method,Job)
88 MOVINDV_basic(Bits,sys_z,0,Job)
89 PUSHV_(Type,Bits,sys_z,Job,Job)
90 </snippet>
91

92 ; --------------POPV---------------------------------------
93 <snippet> POPV_basic(Type,Bits,Var,Offset,Method,Job)
94 .popv(Type,Var,Offset,Method)
95 <if> (Bits>ProcessorWidth)
96 POPV_basic(Type,Bits-ProcessorWidth,Var,Offset-1,Method,Job)
97 </if>
98 </snippet>
99

100 <snippet> POPV_(Type,Bits,Var,Method,Job)
101 .prefixsp(Job)
102 POPV_basic(Type,Bits,Var,floor(Bits/ProcessorWidth)-1,Method,Job)
103 .postfixsp(Job)
104 </snippet>
105

106 ;---------------POPA--------------------------------------
107

108 <snippet> MOVVIND_basic(Bits,Var,Offset,Method)
109 .movvind(Bits,Var,Offset,Method)
110 <if> (Bits>ProcessorWidth)
111 MOVVIND_basic(Bits-ProcessorWidth,Var,Offset+1,Method)
112 </if>
113 </snippet>
114

115 <snippet> POPA_(Type,Bits,Var,DBits,Method,Job) ;DBits is size of displacement
116 POPV_(u,DBits,sys_t,Job,Job) ;get displacement (always unsigned)
117 POPV_(Type,Bits,sys_z,Job,Job)
118 CALCDISPL_basic(Bits,sys_t,DBits,Job)
119 .addr_fsr(Var,sys_t,Method,Job)
120 MOVVIND_basic(Bits,sys_z,0,Job)
121 </snippet>
122

123 ; --------------MOVC---------------------------------------
124 <snippet> MOVC_basic(Type,Bits,Const,Var,Offset,Method)
125 .movc(Type,Const&(pow(2,ProcessorWidth)-1),Var,Offset,Method)
126 <if> (Bits>ProcessorWidth)
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127 MOVC_basic(Type,Bits-ProcessorWidth,floor(Const/pow(2,ProcessorWidth)),Var,Offset+1,Method)
128 </if>
129 </snippet>
130

131 <snippet> MOVC_(Type,Bits,Const,Var,Method)
132 MOVC_basic(Type,Bits,Const,Var,0,Method)
133 </snippet>
134

135 ; --------------MOVV---------------------------------------
136 <snippet> MOVV_basic(Type,Bits,Var1,Var2,Offset,Method1,Method2)
137 .movv(Type,Var1,Var2,Offset,Method1,Method2)
138 <if> (Bits>ProcessorWidth)
139 MOVV_basic(Type,Bits-ProcessorWidth,Var1,Var2,Offset+1,Method1,Method2)
140 </if>
141 </snippet>
142

143 <snippet> MOVV_check(Type,Bits,Var1,Var2,Method1,Method2)
144 <if> (Var1!=Var2)
145 MOVV_basic(Type,Bits,Var1,Var2,0,Method1,Method2)
146 </if>
147 <default>
148 <if>(Method1!=Method2)
149 MOVV_basic(Type,Bits,Var1,Var2,0,Method1,Method2)
150 </if>
151 </default>
152 </snippet>
153

154 <snippet> MOVV_(Type,Bits,Var1,Method1,Var2,Method2,Job)
155 MOVV_check(Type,Bits,Var1,Var2,Method1,Method2)
156 </snippet>
157

158

159

160 ;--------------ADD------------------------------------
161 <snippet> ADD_basic(Type,Bits,X,Y,Offset,Method)
162 .add(X,Y,Offset,Method)
163 <if> (Bits>ProcessorWidth)
164 ADD_basic(Type,Bits-ProcessorWidth,X,Y,Offset+1,Method)
165 </if>
166 </snippet>
167

168 <snippet> ADD_(Type,Bits,Method,Job,Mode)
169 POPV_(Type,Bits,sys_y,Job,Job)
170 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
171 POPV_(Type,Bits,sys_x,Job,Job)
172 </if>
173 ADD_basic(Type,Bits,sys_x,sys_y,0,Job)
174 <if>(Mode&1=0) ;only 0 or 2 have final push
175 PUSHV_(Type,Bits,sys_x,Job,Job)
176 </if>
177 </snippet>
178

179 ;--------------SUB------------------------------------
180 <snippet> SUB_basic(Type,Bits,X,Y,Offset,Method)
181 .sub(X,Y,Offset,Method)
182 <if> (Bits>ProcessorWidth)
183 SUB_basic(Type,Bits-ProcessorWidth,X,Y,Offset+1,Method)
184 </if>
185 </snippet>
186

187 <snippet> SUB_(Type,Bits,Method,Job,Mode)
188 POPV_(Type,Bits,sys_y,Job,Job)
189 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
190 POPV_(Type,Bits,sys_x,Job,Job)
191 </if>
192 SUB_basic(Type,Bits,sys_x,sys_y,0,Job)
193 <if>(Mode&1=0) ;only 0 or 2 have final push
194 PUSHV_(Type,Bits,sys_x,Job,Job)
195 </if>
196 </snippet>
197

198 ;--------------LABEL----------------------------------
199 <snippet> LABEL_(Name)
200 .label(Name)
201 </snippet>
202

203 ;--------------GOTO-----------------------------------
204 <snippet> GOTO_(Name)
205 .goto(Name)
206 </snippet>
207

208 ;--------------CALL-----------------------------------
209 <snippet> CALL_(Name)
210 .call(Name)
211 </snippet>
212

213 ;--------------RETURN-----------------------------------
214 <snippet> RETURN_()
215 .return()
216 </snippet>
217
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218 ;--------------SKIP_T---------------------------------
219 <snippet> SKIP_T_()
220 .skip(1)
221 </snippet>
222

223 ;--------------SKIP_F---------------------------------
224 <snippet> SKIP_F_()
225 .skip(0)
226 </snippet>
227

228 ;--------------EQZERO_basic---------------------------
229 <snippet> EQZERO_basic(Type,Bits,Var,Offset,Method)
230 .eqzero(Type,Var,Offset,Method)
231 <if> (Bits>ProcessorWidth)
232 EQZERO_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
233 </if>
234 </snippet>
235

236 ;---------------BRANCHBIT-----------------------------------
237 <snippet> BRANCHBIT_basic(Type,Bits,Var,Testbit,Method,BitOp)
238 ;BitOp="S" or "C"
239 .branchbit(Var,Method,Testbit%ProcessorWidth,floor(Testbit/ProcessorWidth),BitOp)
240 </snippet>
241

242 ;---------------BRANCHNEG-----------------------------------
243 <snippet> BRANCHNEG_basic(Type,Bits,Var,Method,BitOp)
244 BRANCHBIT_basic(type,Bits,Var,Bits-1,Method,BitOp)
245 </snippet>
246

247 ;---------------SHL/RTL----------------------------------------
248 <snippet> SHL_basic(Type,Bits,Var,Offset,Method)
249 .shL(Var,Offset,Method)
250 <if> (Bits>ProcessorWidth)
251 SHL_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
252 </if>
253 </snippet>
254

255 <snippet> SHL_(Type,Bits,Method,Job,Mode)
256 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
257 POPV_(Type,Bits,sys_x,Job,Job)
258 </if>
259 .prefixsh(sys_x,Job)
260 SHL_basic(Type,Bits,sys_x,0,Job)
261

262 <if>(Mode&1=0) ;only 0 or 2 have final push
263 PUSHV_(Type,Bits,sys_x,Job,Job)
264 </if>
265 </snippet>
266

267 <snippet> RTL_(Type,Bits,Method,Job,Mode)
268 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
269 POPV_(Type,Bits,sys_x,Job,Job)
270 </if>
271 .prefixsh(sys_x,Job)
272 SHL_basic(Type,Bits,sys_x,0,Job)
273 .postfixsh(sys_x,0,0,Job)
274 <if>(Mode&1=0) ;only 0 or 2 have final push
275 PUSHV_(Type,Bits,sys_x,Job,Job)
276 </if>
277 </snippet>
278

279

280

281 ;---------------SHR/RTR----------------------------------------
282 <snippet> SHR_basic(Type,Bits,Var,Offset,Method)
283 .shR(Var,Offset,Method)
284 <if> (Bits>ProcessorWidth)
285 SHR_basic(Type,Bits-ProcessorWidth,Var,Offset-1,Method)
286 </if>
287 </snippet>
288

289 <snippet> SHR_(Type,Bits,Method,Job,Mode)
290 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
291 POPV_(Type,Bits,sys_x,Job,Job)
292 </if>
293 .prefixsh(sys_x,Job)
294 SHR_basic(Type,Bits,sys_x,floor(Bits/ProcessorWidth)-1,Job)
295

296 <if>(Mode&1=0) ;only 0 or 2 have final push
297 PUSHV_(Type,Bits,sys_x,Job,Job)
298 </if>
299 </snippet>
300

301 <snippet> RTR_(Type,Bits,Method,Job,Mode)
302 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
303 POPV_(Type,Bits,sys_x,Job,Job)
304 </if>
305 .prefixsh(sys_x,Job)
306 SHR_basic(Type,Bits,sys_x,floor(Bits/ProcessorWidth)-1,Job)
307 .postfixsh(sys_x,floor(Bits/ProcessorWidth)-1,7,Job)
308 <if>(Mode&1=0) ;only 0 or 2 have final push
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309 PUSHV_(Type,Bits,sys_x,Job,Job)
310 </if>
311 </snippet>
312

313 ;--------------CLRF------------------------------------
314 <snippet> CLRF_basic(Type,Bits,Var,Offset,Method)
315 .clrf(Type,Var,Offset,Method)
316 <if> (Bits>ProcessorWidth)
317 CLRF_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
318 </if>
319 </snippet>
320

321 ;--------------CHS------------------------------------
322 <snippet> CHS_basic(Type,Bits,Var,Offset,Method)
323 .chs(Var,Offset,Method)
324 <if> (Bits>ProcessorWidth)
325 CHS_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
326 </if>
327 </snippet>
328

329 <snippet> CHS_(Type,Bits,Method,Job,Mode)
330 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
331 POPV_(Type,Bits,sys_x,Job,Job)
332 </if>
333 NOT_basic(Type,Bits,sys_x,0,Job)
334 CHS_basic(Type,Bits,sys_x,0,Job)
335

336 <if>(Mode&1=0) ;only 0 or 2 have final push
337 PUSHV_(Type,Bits,sys_x,Job,Job)
338 </if>
339 </snippet>
340

341 ;--------------MUL------------------------------------
342 <snippet> MUL_root(Type,Bits,Job,$Local)
343 CLRF_basic(Type,Bits,sys_z,0,Job)
344 LABEL_(mulLOOP_$Local)
345 EQZERO_basic(Type,Bits,sys_y,0,Job)
346 SKIP_F_()
347 GOTO_(mulEND_$Local)
348 BRANCHBIT_basic(Type,Bits,sys_y,0,Job,S)
349 GOTO_(mulCONTINUE_$Local)
350 ADD_basic(Type,Bits,sys_z,sys_x,0,Job)
351 LABEL_(mulCONTINUE_$Local)
352 .prefixsh(sys_x,Job)
353 SHL_basic(Type,Bits,sys_x,0,Job)
354 .prefixsh(sys_y,Job)
355 SHR_basic(Type,Bits,sys_y,floor(Bits/ProcessorWidth)-1,Job)
356 GOTO_(mulLOOP_$Local)
357 LABEL_(mulEND_$Local)
358 </snippet>
359

360 <macro> defMULsub($Job)
361 subroutine MULu8()
362 {
363 MUL_root(u,8,$Job,u8_$Job)
364 }
365 subroutine MULu16()
366 {
367 MUL_root(u,16,$Job,u16_$Job)
368 }
369 subroutine MULu32()
370 {
371 MUL_root(u,32,$Job,u32_$Job)
372 }
373 </macro>
374

375 defMULsub(0); we only have one job at this point of the development
376

377 <snippet> int_MULDIVMOD (Type,$Bits,$Job,$Local,$Operation,DEST)
378 ; calculate abs(sys_x), abs(sys_y), while storing
379 ; xored sign_bits of both variables
380 CLRF_basic(Type,8,sys_u,0,$Job)
381 BRANCHNEG_basic(Type,$Bits,sys_x,$Job,S)
382 GOTO_(skp_CHS1_$Local)
383 MOVC_(local,8,0x80,sys_u,$Job)
384 NOT_basic(Type,$Bits,sys_x,0,$Job)
385 CHS_basic(Type,$Bits,sys_x,0,$Job)
386 LABEL_(skp_CHS1_$Local)
387 BRANCHNEG_basic(Type,$Bits,sys_y,$Job,S)
388 GOTO_(skp_CHS2_$Local)
389 XOR_constant(u,8,0x80,sys_u,0,$Job)
390 NOT_basic(Type,$Bits,sys_y,0,$Job)
391 CHS_basic(Type,$Bits,sys_y,0,$Job)
392 LABEL_(skp_CHS2_$Local)
393 CALL_($Operationu$Bits_$Job)
394 BRANCHBIT_basic(Type,8,sys_u,7,$Job,S)
395 GOTO_(skp_CHS3_$Local)
396 NOT_basic(Type,$Bits,DEST,0,$Job)
397 CHS_basic(Type,$Bits,DEST,0,$Job)
398 LABEL_(skp_CHS3_$Local)
399 </snippet>

49



400

401 <snippet> MUL_(Type,$Bits,Method,$Job,$Local,Mode)
402 POPV_(Type,$Bits,sys_y,$Job,$Job)
403 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
404 POPV_(Type,$Bits,sys_x,$Job,$Job)
405 </if>
406

407 <if> (Type=i)
408 int_MULDIVMOD (Type,$Bits,$Job,$Local,MUL,sys_z)
409 </if>
410 <default>
411 CALL_(MULu$Bits_$Job)
412 </default>
413

414 <if>(Mode&1=0) ;only 0 or 2 have final push
415 PUSHV_(Type,$Bits,sys_z,$Job,$Job)
416 </if>
417 <default>
418 MOVV_(Type,$Bits,sys_z,$Job,sys_x,$Job,$Job)
419 </default>
420 </snippet>
421

422 ;---------------BRANCHSTATUS-----------------------------------
423 <snippet> BRANCHSTATUS_(Testbit,BitOp)
424 ;BitOp="S" or "C"
425 .branchSTATUS(Testbit,BitOp)
426 </snippet>
427

428

429 ;--------------DIV------------------------------------
430 <snippet> DIV_root(Type,Bits,Job,$Local)
431 ;TODO case zero
432 CLRF_basic(Type,Bits,sys_z,0,Job)
433 MOVC_(Type,Bits,1,sys_t,Job)
434 LABEL_(divSHIFT_$Local)
435 BRANCHBIT_basic(Type,Bits,sys_y,Bits-1,Job,C)
436 GOTO_(divLOOP_$Local)
437 .prefixsh(sys_t,Job)
438 SHL_basic(Type,Bits,sys_t,0,Job)
439 .prefixsh(sys_y,Job)
440 SHL_basic(Type,Bits,sys_y,0,Job)
441 GOTO_(divSHIFT_$Local)
442 LABEL_(divLOOP_$Local)
443 SUB_basic(Type,Bits,sys_x,sys_y,0,Job)
444 BRANCHSTATUS_(STATUS_C_POSITION,C)
445 GOTO_(divCONTINUE_$Local)
446 ADD_basic(Type,Bits,sys_x,sys_y,0,Job)
447 GOTO_(divFINAL_$Local)
448 LABEL_(divCONTINUE_$Local)
449 ADD_basic(Type,Bits,sys_z,sys_t,0,Job)
450 LABEL_(divFINAL_$Local)
451 .prefixsh(sys_t,Job)
452 SHR_basic(Type,Bits,sys_y,floor(Bits/ProcessorWidth)-1,Job)
453 .prefixsh(sys_y,Job)
454 SHR_basic(Type,Bits,sys_t,floor(Bits/ProcessorWidth)-1,Job)
455 BRANCHSTATUS_(STATUS_C_POSITION,S)
456 GOTO_(divLOOP_$Local)
457 </snippet>
458

459 <macro> defDIVsub($Job)
460 subroutine DIVu8()
461 {
462 DIV_root(u,8,$Job,u8_$Job)
463 }
464 subroutine DIVu16()
465 {
466 DIV_root(u,16,$Job,u16_$Job)
467 }
468 subroutine DIVu32()
469 {
470 DIV_root(u,32,$Job,u32_$Job)
471 }
472 </macro>
473

474 defDIVsub(0); we only have one job at this point of the development
475

476

477 <snippet> DIV_(Type,$Bits,Method,$Job,$Local,Mode)
478 POPV_(Type,$Bits,sys_y,$Job,$Job)
479 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
480 POPV_(Type,$Bits,sys_x,$Job,$Job)
481 </if>
482 <if> (Type=i)
483 int_MULDIVMOD (Type,$Bits,$Job,$Local,DIV,sys_z)
484 </if>
485 <default>
486 CALL_(DIVu$Bits_$Job)
487 </default>
488

489 <if>(Mode&1=0) ;only 0 or 2 have final push
490 PUSHV_(Type,$Bits,sys_z,$Job,$Job)
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491 </if>
492 <default>
493 MOVV_(Type,$Bits,sys_z,$Job,sys_x,$Job,$Job)
494 </default>
495 </snippet>
496

497 <snippet> MOD_(Type,$Bits,Method,$Job,$Local,Mode)
498 POPV_(Type,$Bits,sys_y,Job,$Job)
499 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
500 POPV_(Type,$Bits,sys_x,$Job,$Job)
501 </if>
502

503 <if> (Type=i)
504 int_MULDIVMOD (Type,$Bits,$Job,$Local,DIV,sys_x)
505 </if>
506 <default>
507 CALL_(DIVu$Bits_$Job)
508 </default>
509 <if>(Mode&1=0) ;only 0 or 2 have final push
510 PUSHV_(Type,$Bits,sys_x,$Job,$Job)
511 </if>
512 </snippet>
513

514

515

516 ;--------------OR3------------------------------------
517 ; 2 operands, one destination
518 ; used in sqrt algorithm
519 <snippet> OR3_basic(Type,Bits,X,Y,DEST,Offset,Method)
520 .or3(X,Y,DEST,Offset,Method)
521 <if> (Bits!=ProcessorWidth)
522 OR3_basic(Type,Bits-ProcessorWidth,X,Y,DEST,Offset+1,Method)
523 </if>
524 </snippet>
525

526 ;--------------OR------------------------------------
527 <snippet> OR_basic(Type,Bits,X,Y,Offset,Method)
528 .or(X,Y,Offset,Method)
529 <if> (Bits>ProcessorWidth)
530 OR_basic(Type,Bits-ProcessorWidth,X,Y,Offset+1,Method)
531 </if>
532 </snippet>
533

534 <snippet> OR_ (Type,Bits,Method,Job,Mode)
535 POPV_(Type,Bits,sys_y,Job,Job)
536 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
537 POPV_(Type,Bits,sys_x,Job,Job)
538 </if>
539

540 OR_basic(Type,Bits,sys_x,sys_y,0,Job)
541

542 <if>(Mode&1=0) ;only 0 or 2 have final push
543 PUSHV_(Type,Bits,sys_x,Job,Job)
544 </if>
545 </snippet>
546

547 ;--------------XORconstant---------------------------
548 <snippet> XOR_constant(Type,Bits,Const,Var,Offset,Method)
549 ;needed for negative operation test for instance
550 .xorconst(Const&(pow(2,ProcessorWidth)-1),Var,Offset,Method)
551 <if> (Bits!=ProcessorWidth)
552 XOR_constant(Type,Bits-ProcessorWidth,floor(Const/pow(2,ProcessorWidth)),Var,Offset+1,Method)
553 </if>
554 </snippet>
555

556 ;--------------XOR------------------------------------
557 <snippet> XOR_basic(Type,Bits,X,Y,Offset,Method)
558 .xor(X,Y,Offset,Method)
559 <if> (Bits>ProcessorWidth)
560 XOR_basic(Type,Bits-ProcessorWidth,X,Y,Offset+1,Method)
561 </if>
562 </snippet>
563

564 <snippet> XOR_ (Type,Bits,Method,Job,Mode)
565 POPV_(Type,Bits,sys_y,Job,Job)
566 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
567 POPV_(Type,Bits,sys_x,Job,Job)
568 </if>
569

570 XOR_basic(Type,Bits,sys_x,sys_y,0,Job)
571

572 <if>(Mode&1=0) ;only 0 or 2 have final push
573 PUSHV_(Type,Bits,sys_x,JOb,Job)
574 </if>
575 </snippet>
576

577 ;--------------ANDconstant---------------------------
578 <snippet> AND_constant(Type,Bits,Const,Var,Offset,Method)
579 ;needed for masking
580 .andconst(Const&(pow(2,ProcessorWidth)-1),Var,Offset,Method)
581 <if> (Bits!=ProcessorWidth)
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582 AND_constant(Type,Bits-ProcessorWidth,floor(Const/pow(2,ProcessorWidth)),Var,Offset+1,Method)
583 </if>
584 </snippet>
585

586

587 ;--------------AND------------------------------------
588 <snippet> AND_basic(Type,Bits,X,Y,Offset,Method)
589 .and(X,Y,Offset,Method)
590 <if> (Bits>ProcessorWidth)
591 AND_basic(Type,Bits-ProcessorWidth,X,Y,Offset+1,Method)
592 </if>
593 </snippet>
594

595 <snippet> AND_(Type,Bits,Method,Job,Mode)
596 POPV_(Type,Bits,sys_y,Job,Job)
597 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
598 POPV_(Type,Bits,sys_x,Job,Job)
599 </if>
600

601 AND_basic(Type,Bits,sys_x,sys_y,0,Job)
602 <if>(Mode&1=0) ;only 0 or 2 have final push
603 PUSHV_(Type,Bits,sys_x,Job,Job)
604 </if>
605 </snippet>
606

607 ;-------------INTCOMP---------------------------
608 <snippet> INTCOMP_basic(Type,Bits,Job,$Local,$X,$Y,Const1,Const2)
609 .prefixcomp(Bits,$X,$Y,sys_z,floor(Bits/ProcessorWidth)-1,Job)
610 BRANCHNEG_basic(Type,8,sys_z,Job,C)
611 GOTO_(COMP_DIFFSIGN_$Local)
612 GEQ_basic(Type,Bits,$X,$Y,0,Job)
613 .postfixcomp(sys_u,Const1,Const2,Job,S,C) ;geq 255,0
614 GOTO_(COMP_DONE_$Local)
615 LABEL_(COMP_DIFFSIGN_$Local)
616 BRANCHNEG_basic(Type,Bits,$X,Job,S)
617 GOTO_(COMP_aPOSITIVE_$Local)
618 MOVC_(u,8,Const2,sys_u,Job) ;geq 0
619 GOTO_(COMP_DONE_$Local)
620 LABEL_(COMP_aPOSITIVE_$Local)
621 MOVC_(u,8,Const1,sys_u,Job) ;geq 255
622 LABEL_(COMP_DONE_$Local)
623 </snippet>
624

625 ;-------------GEQ-------------------------------------
626 <snippet> GEQ_basic(Type,Bits,X,Y,Offset,Method)
627 .geq(X,Y,Offset,Method)
628 <if> (Bits>ProcessorWidth)
629 GEQ_basic(Type,Bits-ProcessorWidth,X,Y,Offset+1,Method)
630 </if>
631 </snippet>
632

633 <snippet> GEQ_(Type,Bits,Method,Job,$Local)
634 POPV_(Type,Bits,sys_y,Job,Job)
635 POPV_(Type,Bits,sys_x,Job,Job)
636 <if>(Type=u)
637 GEQ_basic(Type,Bits,sys_x,sys_y,0,Job)
638 .postfixcomp(sys_u,255,0,Job,S,STATUS_C_POSITION)
639 </if>
640 <default>
641 INTCOMP_basic(Type,Bits,Job,$Local,sys_x,sys_y,255,0)
642 </default>
643 PUSHV_(u,8,sys_u,Job,Job) ;we consider Boolean numbers as u8 at iCode level
644 </snippet>
645

646 ;-------------LEQ-------------------------------------
647

648 <snippet> LEQ_(Type,Bits,Method,Job,$Local)
649 ; exchange operands compared to GEQ
650 POPV_(Type,Bits,sys_x,Job,Job)
651 POPV_(Type,Bits,sys_y,Job,Job)
652 <if>(Type=u)
653 GEQ_basic(Type,Bits,sys_x,sys_y,0,Job)
654 .postfixcomp(sys_u,255,0,Job,S,STATUS_C_POSITION)
655 </if>
656 <default>
657 INTCOMP_basic(Type,Bits,Job,$Local,sys_x,sys_y,255,0)
658 </default>
659 PUSHV_(u,8,sys_u,Job,Job) ;we consider Boolean numbers as u8 at iCode level
660 </snippet>
661

662 ;---------------LT------------------------------------
663

664 <snippet> LT_(Type,Bits,Method,Job,$Local)
665 ; exchange result constants compared to GEQ
666 POPV_(Type,Bits,sys_y,Job,Job)
667 POPV_(Type,Bits,sys_x,Job,Job)
668 <if>(Type=u)
669 GEQ_basic(Type,Bits,sys_x,sys_y,0,Job)
670 .postfixcomp(sys_u,0,255,Job,S,STATUS_C_POSITION)
671 </if>
672 <default>
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673 INTCOMP_basic(Type,Bits,Job,$Local,sys_x,sys_y,0,255)
674 </default>
675 PUSHV_(u,8,sys_u,Job,Job) ;we consider Boolean numbers as u8 at iCode level
676 </snippet>
677

678 ;---------------GT------------------------------------
679

680 <snippet> GT_(Type,Bits,Method,Job,$Local)
681 ; exchange both operands and result constants compared to GEQ
682 POPV_(Type,Bits,sys_x,Job,Job)
683 POPV_(Type,Bits,sys_y,Job,Job)
684 <if>(Type=u)
685 GEQ_basic(Type,Bits,sys_x,sys_y,0,Job)
686 .postfixcomp(sys_u,0,255,Job,S,STATUS_C_POSITION)
687 </if>
688 <default>
689 INTCOMP_basic(Type,Bits,Job,$Local,sys_x,sys_y,0,255)
690 </default>
691 PUSHV_(u,8,sys_u,Job,Job) ;we consider Boolean numbers as u8 at iCode level
692 </snippet>
693

694 ;-------------EQ-------------------------------------------
695 <snippet> EQ_basic(Bits,X,Y,Offset,Method,$Local,Mode)
696 .eq(X,Y,Offset,Method,Mode,$Local)
697 <if> (Bits>ProcessorWidth)
698 EQ_basic(Bits-ProcessorWidth,X,Y,Offset-1,Method,$Local,Mode)
699 </if>
700 </snippet>
701 <snippet> EQ_(Type,Bits,Method,Job,$Local)
702 POPV_(Type,Bits,sys_y,Job,Job)
703 POPV_(Type,Bits,sys_x,Job,Job)
704 EQ_basic(Bits,sys_x,sys_y,floor(Bits/ProcessorWidth)-1,Job,$Local,S)
705 .postfixeq(Bits,sys_u,255,0,Job,S,STATUS_Z_POSITION,$Local)
706 PUSHV_(u,8,sys_u,Job,Job) ;we consider Boolean numbers as u8 at iCode level
707 </snippet>
708

709 ;-------------NEQ-------------------------------------------
710 <snippet> NEQ_(Type,Bits,Method,Job,$Local)
711 POPV_(Type,Bits,sys_y,Job,Job)
712 POPV_(Type,Bits,sys_x,Job,Job)
713 EQ_basic(Bits,sys_x,sys_y,floor(Bits/ProcessorWidth)-1,Job,$Local,S)
714 .postfixeq(Bits,sys_u,0,255,Job,S,STATUS_Z_POSITION,$Local)
715 PUSHV_(u,8,sys_u,Job,Job) ;we consider Boolean numbers as u8 at iCode level
716 </snippet>
717

718

719 ;--------------SQRT------------------------------------
720 <snippet> SQRT_root(Type,Bits,Job,$Local)
721 ; Toepler's algorithm (faster than single division)
722 MOVC_(Type,Bits,pow(2,Bits-2),sys_z,Job) ;sys_z=m
723 CLRF_basic(Type,Bits,sys_y,0,Job)
724 LABEL_(sqrtLOOP_$Local)
725 EQZERO_basic(Type,Bits,sys_z,0,Job)
726 SKIP_F_()
727 GOTO_(sqrtEND_$Local)
728 OR3_basic(Type,Bits,sys_y,sys_z,sys_t,0,Job) ;sys_t=(b:=y|m)
729 .prefixsh(sys_y,Job)
730 SHR_basic(Type,Bits,sys_y,floor(Bits/ProcessorWidth)-1,Job)
731 GEQ_basic(Type,Bits,sys_x,sys_t,0,Job)
732 BRANCHSTATUS_(STATUS_C_POSITION,S)
733 GOTO_(sqrtSKIP_$Local)
734 SUB_basic(Type,Bits,sys_x,sys_t,0,Job)
735 OR_basic(Type,Bits,sys_y,sys_z,0,Job)
736 LABEL_(sqrtSKIP_$Local)
737 .prefixsh(sys_z,Job)
738 SHR_basic(Type,Bits,sys_z,floor(Bits/ProcessorWidth)-1,Job)
739 CLEARSTATUS_(STATUS_C_POSITION)
740 SHR_basic(Type,Bits,sys_z,floor(Bits/ProcessorWidth)-1,Job)
741 GOTO_(sqrtLOOP_$Local)
742 LABEL_(sqrtEND_$Local)
743 </snippet>
744

745 <macro> defSQRTsub($Job)
746 subroutine SQRTu8()
747 {
748 SQRT_root(u,8,$Job,u8_$Job)
749 }
750 subroutine SQRTu16()
751 {
752 SQRT_root(u,16,$Job,u16_$Job)
753 }
754 subroutine SQRTu32()
755 {
756 SQRT_root(u,32,$Job,u32_$Job)
757 }
758 </macro>
759 defSQRTsub(0)
760

761 <snippet> SQRT_(Type,$Bits,Method,$Job,$Local,Mode)
762 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
763 POPV_(Type,$Bits,sys_x,$Job,$Job)
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764 </if>
765 ;SQRT_basic(Type,$Bits,Method,$Job,$Local)
766 CALL_(SQRTu$Bits_$Job)
767 <if>(Mode&1=0) ;only 0 or 2 have final push
768 PUSHV_(Type,$Bits,sys_y,$Job,$Job)
769 </if>
770 <default>
771 MOVV_(Type,$Bits,sys_y,$Job,sys_x,$Job,$Job)
772 </default>
773 </snippet>
774

775 ;--------------NOT------------------------------------
776 <snippet> NOT_basic(Type,Bits,Var,Offset,Method)
777 .not(Var,Offset,Method)
778 <if> (Bits>ProcessorWidth)
779 NOT_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
780 </if>
781 </snippet>
782

783 <snippet> NOT_(Type,Bits,Method,Job,Mode)
784 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
785 POPV_(Type,Bits,sys_x,Job,Job)
786 </if>
787

788 NOT_basic(Type,Bits,sys_x,0,Job)
789

790 <if>(Mode&1=0) ;only 0 or 2 have final push
791 PUSHV_(Type,Bits,sys_x,Job,Job)
792 </if>
793 </snippet>
794

795

796 ;----------------ABS-------------------------------
797 <snippet> ABS_(Type,Bits,Method,Job,$Local,Mode)
798 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
799 POPV_(Type,Bits,sys_x,Job,Job)
800 </if>
801

802 <if>(Type=i)
803 BRANCHNEG_basic(Type,8,sys_x,Job,C)
804 GOTO_(ENDABS_$Local)
805 CHS_(Type,Bits,Job,Job,3)
806 LABEL_(ENDABS_$Local)
807 </if>
808

809 <if>(Mode&1=0) ;only 0 or 2 have final push
810 PUSHV_(Type,Bits,sys_x,Job,Job)
811 </if>
812 </snippet>
813

814 ;--------------SWAP------------------------------------
815 <snippet> SWAP_basic(Type,Bits,Var,D,Offset,Offset2,Method)
816 ; here we have a sub-byte operation (swap nibbles)
817 <if> (Bits=ProcessorWidth)
818 .swap(Var,Offset,Method)
819 </if>
820 <altif> (Bits=2*ProcessorWidth)
821 .swap2(Var,Offset,Offset2,Method)
822 </altif>
823 <default>
824 SWAP_basic(Type,Bits/2,Var,D/2,Offset,Offset2,Method)
825 SWAP_basic(Type,Bits/2,Var,D/2,Offset+D/4,Offset2+D/4,Method)
826 </default>
827 </snippet>
828

829 <snippet> SWAP_(Type,Bits,Method,Job,Mode)
830 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
831 POPV_(Type,Bits,sys_x,Job,Job)
832 </if>
833

834 SWAP_basic(Type,Bits,sys_x,Bits/ProcessorWidth,0,Bits/ProcessorWidth/2,Job)
835

836 <if>(Mode&1=0) ;only 0 or 2 have final push
837 PUSHV_(Type,Bits,sys_x,Job,Job)
838 </if>
839 </snippet>
840

841 ;--------------HIGH------------------------------------
842 <snippet> HIGH_basic(Type,Bits,Var,D,Offset,Offset2,Method)
843 ; here we have a sub-byte operation (swap nibbles)
844 <if> (Bits=ProcessorWidth)
845 SWAP_basic(Type,Bits,Var,D,Offset,Offset2,Method)
846 AND_constant(Type,Bits,pow(2,ProcessorWidth/2)-1,Var,Offset,Method)
847 </if>
848 <altif> (Bits=2*ProcessorWidth)
849 .high(Var,Offset,Offset2,Method)
850 </altif>
851 <default>
852 HIGH_basic(Type,Bits/2,Var,D/2,Offset,Offset2,Method)
853 HIGH_basic(Type,Bits/2,Var,D/2,Offset+D/4,Offset2+D/4,Method)
854 </default>
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855 </snippet>
856

857 <snippet> HIGH_(Type,Bits,Bits2,Method,Job,Mode)
858 POPV_(Type,Bits,sys_x,Job,Job)
859 HIGH_basic(Type,Bits,sys_x,Bits/ProcessorWidth,0,Bits/ProcessorWidth/2,Job)
860 <if>(Bits>ProcessorWidth)
861 PUSHV_(Type,Bits2,sys_x,Job,Job)
862 </if>
863 <default>
864 PUSHV_(Type,Bits,sys_x,Job,Job)
865 </default>
866 </snippet>
867

868 ;--------------LOW------------------------------------
869 <snippet> LOW_basic(Type,Bits,Var,D,Offset,Offset2,Method)
870 ; here we have a sub-byte operation (swap nibbles)
871 <if> (Bits=ProcessorWidth)
872 AND_constant(Type,Bits,pow(2,ProcessorWidth/2)-1,Var,Offset,Method)
873 </if>
874 </snippet>
875

876 <snippet> LOW_(Type,Bits,Bits2,Method,Job,Mode)
877 POPV_(Type,Bits,sys_x,Job,Job)
878 <if> (Bits=ProcessorWidth)
879 AND_constant(Type,Bits,pow(2,ProcessorWidth/2)-1,sys_x,0,Job)
880 PUSHV_(Type,Bits,sys_x,Job,Job)
881 </if>
882 <default>
883 PUSHV_(Type,Bits2,sys_x,Job,Job)
884 </default>
885 </snippet>
886

887

888 ;--------------INT8------------------------------------
889 ; these functions only convert the type without altering content
890 <snippet> INT8_(Type,Bits,Method,Job)
891 <if>(Bits!=8)
892

893 POPV_(Type,Bits,sys_x,Job,Job)
894 PUSHV_(i,8,sys_x,Job,Job)
895

896 </if>
897 </snippet>
898

899 ;--------------RAW8------------------------------------
900 ; these functions only convert the type without altering content
901 <snippet> RAW8_(Type,Bits,Method,Job)
902 <if>(Bits!=8)
903

904 POPV_(Type,Bits,sys_x,Job,Job)
905 PUSHV_(u,8,sys_x,Job,Job)
906

907 </if>
908 </snippet>
909

910 ;--------------INT16------------------------------------
911 ; these functions only convert the type without altering content
912 ; for Bits<16, we need to set high byte with 0xFF to keep negative sign
913 <snippet> INT16_(Type,Bits,Method,Job)
914 <if>(Bits<16)
915 POPV_(Type,Bits,sys_x,Job,Job)
916 CLRF_basic(Type,16-Bits,sys_x,Bits/ProcessorWidth,Job)
917 BRANCHNEG_basic(Type,Bits,sys_x,Job,S)
918 MOVC_basic(Type,16-Bits,255,sys_x,Bits/ProcessorWidth,Job)
919 PUSHV_(i,16,sys_x,Job,Job)
920 </if>
921 <altif>(Bits>16)
922 POPV_(Type,Bits,sys_x,Job,Job)
923 PUSHV_(i,16,sys_x,Job,Job)
924 </altif>
925 <default>
926 </default>
927 </snippet>
928

929 ;--------------RAW16------------------------------------
930 ; these functions only convert the type without altering content
931 <snippet> RAW16_(Type,Bits,Method,Job)
932 <if>(Bits<16)
933 POPV_(Type,Bits,sys_x,Job,Job)
934 CLRF_basic(Type,16-Bits,sys_x,Bits/ProcessorWidth,Job)
935 PUSHV_(u,16,sys_x,Job,Job)
936 </if>
937 <altif>(Bits>16)
938 POPV_(Type,Bits,sys_x,Job,Job)
939 PUSHV_(u,16,sys_x,Job,Job)
940 </altif>
941 <default>
942 </default>
943 </snippet>
944

945
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946 ;--------------INT32---------------------------------------
947 ;This is specifically solved for PIC16F88 in native file.
948

949 ;--------------RAW32------------------------------------
950 ; these functions only convert the type without altering content
951 <snippet> RAW32_(Type,Bits,Method,Job)
952 <if>(Bits<32)
953 POPV_(Type,Bits,sys_x,Job,Job)
954 CLRF_basic(Type,32-Bits,sys_x,Bits/ProcessorWidth,Job)
955 PUSHV_(u,32,sys_x,Job,Job)
956 </if>
957 <altif>(Bits>32)
958 POPV_(Type,Bits,sys_x,Job,Job)
959 PUSHV_(u,32,sys_x,Job,Job)
960 </altif>
961 <default>
962 </default>
963 </snippet>
964

965 ;--------------LOG2-----------------------------------
966 ; integer log2 using nlz method similar to algorithm
967 ; shown in Hacker's Delight p.101.
968 ; We are counting leading zero's and subtract from
969 ; (Bits-1) / LOG2 result always fits into 8-bit for
970 ; operand sizes smaller or equal than 64 bits.
971

972 <snippet> LOG2_(Type,Bits,Method,Job,$Local,Mode)
973 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
974 POPV_(Type,Bits,sys_x,Job,Job)
975 </if>
976 MOVC_basic(Type,ProcessorWidth,Bits-1,sys_z,0,Job)
977 <if>(Bits>ProcessorWidth)
978 CLRF_basic(Type,Bits-ProcessorWidth,sys_z,1,Job) ; clear higher bytes
979 </if>
980 MOVV_basic(Type,Bits,sys_x,sys_y,0,Job,Job)
981 LABEL_(LOG2LOOP_$Local)
982 BRANCHBIT_basic(Type,Bits,sys_y,Bits-1,Job,C)
983 GOTO_(LOG2END_$Local)
984 .decr(sys_z,0,Job)
985 SHL_basic(Type,Bits,sys_y,0,Job)
986 GOTO_(LOG2LOOP_$Local)
987 LABEL_(LOG2END_$Local)
988 <if>(Mode&1=0) ;only 0 or 2 have final push
989 PUSHV_(Type,Bits,sys_z,Job,Job)
990 </if>
991 <default>
992 MOVV_(Type,Bits,sys_z,Job,sys_x,Job,Job)
993 </default>
994 </snippet>
995

996 ;----------------SETBIT------------------------------
997 <snippet> SETCLEARBIT_basic(Type,Bits,Var,Bit,Method,BitOp)
998 ;BitOp="C" or "S"
999 .setclearbit(Var,Method,Bit%ProcessorWidth,floor(Bit/ProcessorWidth),BitOp)

1000 </snippet>
1001

1002 <snippet> SETBIT_(Type,Bits,Way,X,Bit,Method,Job)
1003 <if>(Way=v)
1004 SETCLEARBIT_basic(Type,Bits,X,Bit,Method,S)
1005 </if>
1006 <default>
1007 .setclearbit2(X,Bit%ProcessorWidth,pow(2,Bit%ProcessorWidth),S)
1008 </default>
1009 </snippet>
1010

1011 ;---------------CLEARBIT-------------------------------
1012

1013 <snippet> CLEARBIT_(Type,Bits,Way,X,Bit,Method,Job)
1014 <if>(Way=v)
1015 SETCLEARBIT_basic(Type,Bits,X,Bit,Method,C)
1016 </if>
1017 <default>
1018 .setclearbit2(X,Bit%ProcessorWidth,~pow(2,Bit%ProcessorWidth)&(pow(2,ProcessorWidth)-1),C)
1019 </default>
1020 </snippet>
1021

1022 ;----------------BITSET??------------------------------
1023 ; is bit set?
1024 <snippet> BITSETCLEAR_basic(Type,Bits,Var,Bit,Method,BitOp)
1025 ;BitOp="C" or "S"
1026 .branchbit(Var,Method,Bit%ProcessorWidth,floor(Bit/ProcessorWidth),BitOp)
1027 </snippet>
1028

1029 <snippet> BITSET_(Type,Bits,Way,X,Bit,Method,Job)
1030 <if>(Way=v)
1031 BITSETCLEAR_basic(Type,Bits,X,Bit,Method,S)
1032 </if>
1033 <default>
1034 .branchbit2(X,Bit%ProcessorWidth,S)
1035 </default>
1036 </snippet>

56



1037

1038 <snippet> BITCLEAR_(Type,Bits,Way,X,Bit,Method,Job)
1039 <if>(Way=v)
1040 BITSETCLEAR_basic(Type,Bits,X,Bit,Method,C)
1041 </if>
1042 <default>
1043 .branchbit2(X,Bit%ProcessorWidth,C)
1044 </default>
1045 </snippet>
1046

1047 ;--------------INCR------------------------------------
1048 <snippet> INCR_basic(Type,Bits,Var,Offset,Method)
1049 .incr(Var,Offset,Method)
1050 <if> (Bits>ProcessorWidth)
1051 INCR_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
1052 </if>
1053 </snippet>
1054

1055 <snippet> INCR_(Type,Bits,Method,Job,Mode)
1056 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
1057 POPV_(Type,Bits,sys_x,Job,Job)
1058 </if>
1059

1060 INCR_basic(Type,Bits,sys_x,0,Job)
1061

1062 <if>(Mode&1=0) ;only 0 or 2 have final push
1063 PUSHV_(Type,Bits,sys_x,Job,Job)
1064 </if>
1065 </snippet>
1066

1067 ;--------------DECR------------------------------------
1068 <snippet> DECR_basic(Type,Bits,Var,Offset,Method)
1069 .decr(Var,Offset,Method)
1070 <if> (Bits>ProcessorWidth)
1071 DECR_basic(Type,Bits-ProcessorWidth,Var,Offset+1,Method)
1072 </if>
1073 </snippet>
1074

1075 <snippet> DECR_(Type,Bits,Method,Job,Mode)
1076 <if>(Mode<=1) ;only mode=0 or =1 have 2 initial pops
1077 POPV_(Type,Bits,sys_x,Job,Job)
1078 </if>
1079

1080 DECR_basic(Type,Bits,sys_x,0,Job)
1081 <if>(Bits>ProcessorWidth)
1082 LABEL_(decr_ready) ;final label for multibyte variables
1083 .final_decr(sys_x,Job) ;check if zero
1084 </if>
1085 <if>(Mode&1=0) ;only 0 or 2 have final push
1086 PUSHV_(Type,Bits,sys_x,Job,Job)
1087 </if>
1088 </snippet>

C iCode ASCII library for PIC16F88 and PIC16F13145

1 <define> "NUL":=0 </define>
2 <define> "SOH":=1 </define>
3 <define> "STX":=2 </define>
4 <define> "ETX":=3 </define>
5 <define> "EOT":=4 </define>
6 <define> "ENQ":=5 </define>
7 <define> "ACK":=6 </define>
8 <define> "BEL":=7 </define>
9 <define> "BS":=8 </define>

10 <define> "HT":=9 </define>
11 <define> "LF":=10 </define>
12 <define> "VT":=11 </define>
13 <define> "FF":=12 </define>
14 <define> "CR":=13 </define>
15 <define> "SO":=14 </define>
16 <define> "SI":=15 </define>
17 <define> "DLE":=16 </define>
18 <define> "DC1":=17 </define>
19 <define> "DC2":=18 </define>
20 <define> "DC3":=19 </define>
21 <define> "DC4":=20 </define>
22 <define> "NAK":=21 </define>
23 <define> "SYN":=22 </define>
24 <define> "ETB":=23 </define>
25 <define> "CAN":=24 </define>
26 <define> "EM":=25 </define>
27 <define> "SUB":=26 </define>
28 <define> "ESC":=27 </define>
29 <define> "FS":=28 </define>
30 <define> "GS":=29 </define>
31 <define> "RS":=30 </define>
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32 <define> "US":=31 </define>
33

34 <define> "Space":=32 </define>
35 <define> "Exclamation":=33 </define>
36 <define> "DQuote":=34 </define>
37 <define> "#":=35 </define>
38 <define> "$":=36 </define>
39 <define> "Percent":=37 </define>
40 <define> "Ampersand":=38 </define>
41 <define> "SQuote":=39 </define>
42 <define> "LeftParen":=40 </define>
43 <define> "RightParen":=41 </define>
44 <define> "Star":=42 </define>
45 <define> "Plus":=43 </define>
46 <define> "Komma":=44 </define>
47 <define> "Minus":=45 </define>
48 <define> "Dot":=46 </define>
49 <define> "Slash":=47 </define>
50

51 <define> "_zerO":=48 </define>
52 <define> "_onE":=49 </define>
53 <define> "_twO":=50 </define>
54 <define> "_threE":=51 </define>
55 <define> "_fouR":=52 </define>
56 <define> "_fivE":=53 </define>
57 <define> "_siX":=54 </define>
58 <define> "_seveN":=55 </define>
59 <define> "_eighT":=56 </define>
60 <define> "_ninE":=57 </define>
61

62 <define> "Colon":=58 </define>
63 <define> "Semicolon":=59 </define>
64 <define> "Less":=60 </define>
65 <define> "Equal":=61 </define>
66 <define> "Greater":=62 </define>
67 <define> "Question":=63 </define>
68 <define> "At":=64 </define>
69

70 <define> "A":=65 </define>
71 <define> "B":=66 </define>
72 <define> "C":=67 </define>
73 <define> "D":=68 </define>
74 <define> "E":=69 </define>
75 <define> "F":=70 </define>
76 <define> "G":=71 </define>
77 <define> "H":=72 </define>
78 <define> "I":=73 </define>
79 <define> "J":=74 </define>
80 <define> "K":=75 </define>
81 <define> "L":=76 </define>
82 <define> "M":=77 </define>
83 <define> "N":=78 </define>
84 <define> "O":=79 </define>
85 <define> "P":=80 </define>
86 <define> "Q":=81 </define>
87 <define> "R":=82 </define>
88 <define> "S":=83 </define>
89 <define> "T":=84 </define>
90 <define> "U":=85 </define>
91 <define> "V":=86 </define>
92 <define> "W":=87 </define>
93 <define> "X":=88 </define>
94 <define> "Y":=89 </define>
95 <define> "Z":=90 </define>
96

97 <define> "LeftBracket":=91 </define>
98 <define> "Backslash":=92 </define>
99 <define> "RightBracket":=93 </define>

100 <define> "Caret":=94 </define>
101 <define> "Underscore":=95 </define>
102 <define> "Grave":=96 </define>
103

104 <define> "a":=97 </define>
105 <define> "b":=98 </define>
106 <define> "c":=99 </define>
107 <define> "d":=100 </define>
108 <define> "e":=101 </define>
109 <define> "f":=102 </define>
110 <define> "g":=103 </define>
111 <define> "h":=104 </define>
112 <define> "i":=105 </define>
113 <define> "j":=106 </define>
114 <define> "k":=107 </define>
115 <define> "l":=108 </define>
116 <define> "m":=109 </define>
117 <define> "n":=110 </define>
118 <define> "o":=111 </define>
119 <define> "p":=112 </define>
120 <define> "q":=113 </define>
121 <define> "r":=114 </define>
122 <define> "s":=115 </define>
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123 <define> "t":=116 </define>
124 <define> "u":=117 </define>
125 <define> "v":=118 </define>
126 <define> "w":=119 </define>
127 <define> "x":=120 </define>
128 <define> "y":=121 </define>
129 <define> "z":=122 </define>
130

131 <define> "LeftBrace":=123 </define>
132 <define> "Pipe":=124 </define>
133 <define> "RightBrace":=125 </define>
134 <define> "Tilde":=126 </define>
135 <define> "DEL":=127 </define>
136

137 <macro> use_ascii_functions()
138 function raw8 digit_to_ascii (raw8 digit) {
139 if (digit<=9) {return(digit+48)}
140 default {return(digit+55)}
141 }
142 </macro>

D iCode output library for PIC16F13145

1 ; PIC16Fxx output library for JAN
2 ; Processor: 8-bit
3 ; Author: Claude Baumann
4 ; Version: 1.0
5 ; Filename: _pic_output_P16F13145.jan.jan
6 ; Start Date: 23/05/2026 orginal _pic_output.jan
7 ; Revision: 09/06/2026 : adapted to PIC16F13145 (FSR0 and INDF0 and incf2-16bit)
8 ; WARNINGS:
9 ; ################################################################################

10

11 ; should be preceeded by the following sequence at the beginning of the program
12

13 ;<insert>_pic16F88_5.jan </insert> ;or similar
14 ;<insert> iCode_Microchip_1.jan </insert>
15 ;<define> FREQUENCY:=8000000 </define>
16 ;.configure(INTRC_IO,WDT_OFF,NONE)
17

18 ;--------------------binary_to-BCD-------------------------
19 ; based on Double-Dabble algorithm
20 ; call subroutine: binary_to_BCD_$Bits(raw$Bits x), where $Bits=8,16 or 32
21 ; BCD value is located in _BCD$Bits[N$Bits] array, where N$Bits=2,3 or 5
22

23 <snippet> LABEL2_($Label,$Local)
24 LABEL_($Label_$Local)
25 </snippet>
26

27 <snippet> .clear_bcd_array(Bits,$Var,$Method)
28 #BANKSEL $Var_$Method1
29 #CLRF $Var_$Method
30 #CLRF $Var_$Method+1
31 <if> (Bits>8)
32 #CLRF $Var_$Method+2
33 <if> (Bits>16)
34 #CLRF $Var_$Method+3
35 #CLRF $Var_$Method+4
36 </if>
37 </if>
38 </snippet>
39

40 <snippet> .shift_dd_chain(Bits,$Var1,$Var2,$Method1,$Method2)
41 #BCF STATUS,STATUS_C_POSITION
42 #BANKSEL $Var1_$Method1
43 #RLF $Var1_$Method1,F
44 <if> (Bits>8)
45 #RLF $Var1_$Method1+1,F
46 <if> (Bits>16)
47 #RLF $Var1_$Method1+2,F
48 #RLF $Var1_$Method1+3,F
49 </if>
50 </if>
51 #BANKSEL $Var2_$Method2
52 #RLF $Var2_$Method2,F
53 #RLF $Var2_$Method2+1,F
54 <if> (Bits>8)
55 #RLF $Var2_$Method2+2,F
56 <if> (Bits>16)
57 #RLF $Var2_$Method2+3,F
58 #RLF $Var2_$Method2+4,F
59 </if>
60 </if>
61 </snippet>
62

63 <snippet> .shift_ddr_chain(Bits,$Var1,$Var2,$Method1,$Method2)
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64 #BCF STATUS,STATUS_C_POSITION
65 #BANKSEL $Var2_$Method2
66 <if> (Bits>16)
67 #RRF $Var2_$Method2+4,F
68 #RRF $Var2_$Method2+3,F
69 </if>
70 <if> (Bits>8)
71 #RRF $Var2_$Method2+2,F
72 </if>
73 #RRF $Var2_$Method2+1,F
74 #RRF $Var2_$Method2,F
75

76 #BANKSEL $Var1_$Method1
77 <if> (Bits>16)
78 #RRF $Var1_$Method1+3,F
79 #RRF $Var1_$Method1+2,F
80 </if>
81 <if> (Bits>8)
82 #RRF $Var1_$Method1+1,F
83 </if>
84 #RRF $Var1_$Method1,F
85 </snippet>
86

87

88 <snippet> .set_pointer($Var,$Method)
89 #MOVLW LOW $Var_$Method
90 #MOVWF FSR0L
91 #MOVLW HIGH $Var_$Method
92 #MOVWF FSR0H
93 </snippet>
94

95 <snippet> .decfsz_($Var,$Method,$lebal)
96 #BANKSEL $Var_$Method
97 #DECFSZ $Var_$Method,F
98 #GOTO $lebal_$Method
99 </snippet>

100

101 <snippet> .incf2($VAR)
102 #BANKSEL $VARL
103 #INCF $VARL,F
104 #BTFSC STATUS,STATUS_Z_POSITION
105 #INCF $VARH
106 </snippet>
107

108 <snippet> .lownibble($Method)
109 #MOVF INDF0,W
110 #ANDLW 15
111 #SUBLW 4
112 #BTFSC STATUS,STATUS_C_POSITION
113 #GOTO LOW_OK_$Method
114 #MOVLW 3
115 #ADDWF INDF0,F
116 LOW_OK_$Method:
117 </snippet>
118

119 <snippet> .highnibble($Method)
120 #SWAPF INDF0,W
121 #ANDLW 15
122 #SUBLW 4
123 #BTFSC STATUS,STATUS_C_POSITION
124 #GOTO HIGH_OK_r$Method
125 #MOVLW 48
126 #ADDWF INDF0,F
127 HIGH_OK_r$Method:
128 </snippet>
129

130 <snippet> .lownibble_r($Method)
131 #MOVF INDF0,W
132 #ANDLW 15
133 #SUBLW 7
134 #BTFSC STATUS,STATUS_C_POSITION
135 #GOTO LOW_OK_r$Method
136 #MOVLW 3
137 #SUBWF INDF0,F
138 LOW_OK_r$Method:
139 </snippet>
140

141 <snippet> .highnibble_r($Method)
142 #SWAPF INDF0,W
143 #ANDLW 15
144 #SUBLW 7
145 #BTFSC STATUS,STATUS_C_POSITION
146 #GOTO HIGH_OK_r$Method
147 #MOVLW 48
148 #SUBWF INDF0,F
149 HIGH_OK_r$Method:
150 </snippet>
151

152

153

154 array raw8 _BCD[5] ;this array must be created in "main"
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155

156 <macro> _binary_to_BCD($Bits)
157

158 subroutine binary_to_BCD_$Bits(raw$Bits x) {
159 <if> ($Bits=8)
160 constant N$Bits:=2
161 </if>
162 <altif> ($Bits=16)
163 constant N$Bits:=3
164 </altif>
165 <default>
166 constant N$Bits:=5
167 </default>
168 raw8 INDEX,COUNT:=$Bits
169 .clear_bcd_array($Bits,_BCD,0)
170 LABEL2_(DD_LOOP,context)
171 INDEX:=N$Bits
172 .set_pointer(_BCD,0)
173 LABEL2_(BCD_ADJUST,context)
174 .lownibble(context)
175 .highnibble(context)
176 .incf2(FSR0)
177 .decfsz_(INDEX,context,BCD_ADJUST)
178 .shift_dd_chain($Bits,x,_BCD,context,0)
179 .decfsz_(COUNT,context,DD_LOOP)
180 }
181 </macro>
182

183 <macro> _BCD_to_binary($Bits)
184

185 function raw$Bits BCD_to_binary_$Bits() {
186 raw$Bits x
187 <if> ($Bits=8)
188 constant N$Bits:=2
189 </if>
190 <altif> ($Bits=16)
191 constant N$Bits:=3
192 </altif>
193 <default>
194 constant N$Bits:=5
195 </default>
196 raw8 INDEX,COUNT:=$Bits
197 CLRF_basic(local,$Bits,x,0,context)
198 LABEL2_(DDr_LOOP,context)
199 INDEX:=N$Bits
200 .set_pointer(_BCD,0)
201 LABEL2_(BCD_rADJUST,context)
202 .lownibble_r(context)
203 .highnibble_r(context)
204 .incf2(FSR0)
205 .decfsz_(INDEX,context,BCD_rADJUST)
206 .shift_ddr_chain($Bits,x,_BCD,context,0)
207 .decfsz_(COUNT,context,DDr_LOOP)
208 return x
209 }
210 </macro>
211

212

213 ; invoke macros needed
214 ; _binary_to_BCD(8)
215 ; _binary_to_BCD(16)
216 ; _binary_to_BCD(32)
217

218 ;------------------------uart output functions-----------------
219 ; NEED .configure_uart(Baudrate,Parity) (in main)
220 ; ascii.jan (in main)
221 ; use_ascii_functions() (macro call in current job)
222

223 <macro> use_pic_output_functions(Bits)
224 _binary_to_BCD(Bits)
225 _BCD_to_binary(Bits)
226

227 subroutine print_byte_number(raw8 message) {
228 raw8 current
229 current:=digit_to_ascii(swap(message)&15)
230 .uart_tx_byte(current,context,local_id) ;NOTA BENE: context=reference(print_byte_number)
231 current:=digit_to_ascii(message&15)
232 .uart_tx_byte(current,reference(print_byte_number),local_id)
233 }
234 function boolean print_byte_number2(raw8 message,boolean leading_zero) {
235 raw8 current
236 current:=digit_to_ascii(swap(message)&15)
237 if (current!=48) AND leading_zero {
238 leading_zero:=FALSE
239 }
240 if NOT leading_zero {
241 .uart_tx_byte(current,context,local_id) ;NOTA BENE: context=reference(print_byte_number2)
242 }
243 current:=digit_to_ascii(message&15)
244 if (current!=48) AND leading_zero {
245 leading_zero:=FALSE
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246 }
247 if NOT leading_zero {
248 .uart_tx_byte(current,context,local_id)
249 }
250 return leading_zero
251 }
252

253 </macro>

E .Code library for PIC16F13145

1 ; PIC16F13145 native primitives (.Code) for JAN
2 ; Processor: 8-bit
3 ; Author: Claude Baumann
4 ; Version: 1.5
5 ; Filename: _pic16F13145_1.jan
6 ; Start Date: 08/06/2026 started from P16F88 file; adaptations required in configuration, indirect

addressing, and bit names of special file registers like PIC16F88 "STATUS,C" --> "STATUS,
STATUS_C_POSITION"

7 ; Revision:
8 ; WARNINGS: still issues with Processor name and #include; also 0xAB isn't solved yet.
9 ;##############################################################################################

10

11 <define> ProcessorWidth:=8 </define>
12 <define> AddressWidth:=7 </define>
13

14 ;--------------------------bank---------------------------------
15 <snippet> .bank(id)
16 #MOVLB id ;new PIC instruction, sets the BSR register
17 </snippet>
18

19 ;--------------------------minimalconfiguration------------------
20 <snippet> .minimalconfig(f_sel) ; for tests only
21 ;PROCESSOR 16F13145 --> those two lines must be added by compiler separately
22 ;#include <xc.inc> because of tokenizer issue 16 F 13145 < xc.inc >
23 ; MPLAB X doesn't accept spaces here.
24

25 ;--------------------------------------------------
26 ; CONFIGURATION BITS (minimal configuration)
27 ;--------------------------------------------------
28 CONFIG FEXTOSC = OFF
29 CONFIG RSTOSC = f_sel; 0x6=1MHz 0x1:=16MHz 0x0:=32MHz 0x5 is ~32kHz
30 CONFIG CLKOUTEN = OFF
31 CONFIG CSWEN = ON
32 CONFIG FCMEN = OFF
33

34 CONFIG WDTE = OFF
35 CONFIG BOREN = ON
36 CONFIG LPBOREN = OFF
37 ;----------------------------------------
38 ; Variable
39 ;----------------------------------------
40

41 ?VAR_LIST
42

43 ;----------------------------------------
44 ; Reset vector
45 ;----------------------------------------
46

47 PSECT resetVec,class=CODE,delta=2,abs
48 #ORG 0x0000
49

50 #resetVec:
51 #GOTO main_0
52

53 PSECT code,class=CODE,delta=2
54

55 #main_0:
56 ;init SP_0
57 #MOVLW 191
58 #MOVWF sp_0
59

60 </snippet>
61

62 ;----------------- .configure_pin_output------------
63 <snippet> .calculate_mask(powBit)
64 #MOVLW powBit
65 </snippet>
66

67 <snippet> .configure_pin_output($Port,Pin)
68 ;$Port = A,B,C
69 ;$Pin = Pin number
70 .bank(61)
71 #CLRF ANSEL$Port
72 .bank(0)
73 .calculate_mask(~pow(2,Pin)&255)
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74 #ANDWF TRIS$Port,F
75 #BCF LAT$Port,Pin
76 </snippet>
77

78 <snippet> .configure_pin_input($Port,Pin)
79 ;$Port = A,B,C
80 ;$Pin = Pin number
81 .bank(61)
82 #CLRF ANSEL$Port
83 .bank(0)
84 .calculate_mask(pow(2,Pin)&255)
85 #IORWF TRIS$Port,F
86 #BCF LAT$Port,Pin
87 </snippet>
88

89

90 ;----------------------------UART configuration------------------
91

92 <snippet> .getSPBRG_line(SPBRG)
93 <if>(SPBRG<=255)
94 #MOVLW SPBRG
95 </if>
96 <default>
97 #MOVLW 255
98 </default>
99 </snippet>

100

101 <snippet> .configure_uart(Baudrate,Parity)
102 ; currently only TX
103 .configure_pin_output(C,4)
104 .bank(59)
105 #MOVLW 0x13
106 #MOVWF RC4PPS
107 .bank(14)
108 <if>(Baudrate>8000)
109 #BSF TX1STA,TX1STA_BRGH_POSITION
110 .getSPBRG_line(floor(FREQUENCY/16/Baudrate)-1)
111 </if>
112 <default>
113 #BCF TX1STA,TX1STA_BRGH_POSITION
114 .getSPBRG_line(floor(FREQUENCY/64/Baudrate)-1)
115 </default>
116

117 #MOVWF SP1BRGL
118 #CLRF SP1BRGH
119

120 #BCF TX1STA,TX1STA_SYNC_POSITION
121 <if>(Parity=NONE)
122 #BCF TX1STA,TX1STA_TX9_POSITION
123 </if>
124 <default>
125 #BSF TX1STA,TX1STA_TX9_POSITION
126 </default>
127 #BSF TX1STA,TX1STA_TXEN_POSITION
128 #BSF RC1STA,RC1STA_SPEN_POSITION
129 </snippet>
130

131 <snippet> .uart_tx_byte($Var,$ref,$Local)
132 ; sends a single byte
133 LABEL_(wait_tx_free_$Local)
134 .bank(1)
135 #BTFSS PIR4,PIR4_TX1IF_POSITION
136 GOTO_(wait_tx_free_$Local)
137 #BANKSEL $Var_$ref
138 #MOVF $Var_$ref,W
139 .bank(14)
140 #MOVWF TX1REG
141 </snippet>
142

143

144

145 ;************************************************************
146 ; Pic16Fx universal snippets
147 ;************************************************************
148

149 ;-----------------.clearstatus-----------------
150 <snippet> .clearstatus(bit)
151 #BCF STATUS,bit
152 </snippet>
153

154 ;-----------------.setstatus-----------------
155 <snippet> .setstatus(bit)
156 #BSF STATUS,bit
157 </snippet>
158

159

160 ;------------------.incr-----------------------
161 <snippet> .incr($X,Offset,$Method)
162 <if> (Offset!=0)
163 #BANKSEL $X_$Method
164 #BTFSC STATUS,STATUS_Z_POSITION
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165 #INCF $X_$Method + Offset,F
166 </if>
167 <default>
168 #BANKSEL $X_$Method
169 #INCF $X_$Method,F
170 </default>
171 </snippet>
172

173 <snippet> .incr_root(Address)
174 #BANKSEL Address
175 #INCF Address,F
176 </snippet>
177

178 ;------------------.decr-----------------------
179 <snippet> .incr_w($Var,Offset)
180 ;#BANKSEL $Var
181 <if> (Offset!=0)
182 #INCF $Var + Offset,W
183 </if>
184 <default>
185 #INCF $Var,W
186 </default>
187 </snippet>
188 <snippet> .final_decr($Var,$Method)
189 #MOVF $Var_$Method,W
190 </snippet>
191

192 <snippet> .decr($X,$Offset,$Method)
193 <if> ($Offset!=0)
194 .incr_w($X_$Method,$Offset-1)
195 #BTFSS STATUS,STATUS_Z_POSITION
196 #GOTO decr_ready
197 #DECF $X_$Method + $Offset,F
198 </if>
199 <default>
200 #BANKSEL $X_$Method
201 #DECF $X_$Method,F
202 </default>
203 </snippet>
204

205 <snippet> .decr_root(Address)
206 #banksel Address
207 #decf Address,F
208 </snippet>
209

210 ; -----------------.prefixsp---------------------------
211 <snippet> .prefixsp($Job)
212 #CLRF FSR0H ;stack is in BANK1
213 #BANKSEL sp_$Job
214 #MOVF sp_$Job,W
215 #MOVWF FSR0L
216 </snippet>
217

218 ; -----------------.postfixsp--------------------------
219 <snippet> .postfixsp($Job)
220 #MOVF FSR0L,W
221 #BANKSEL sp_$Job
222 #MOVWF sp_$Job
223 </snippet>
224 ; -----------------.pushc-------------------------
225 <snippet> .pushc(Type,Const)
226 #DECF FSR0L,F
227 #MOVLW Const
228 #MOVWF INDF0
229 </snippet>
230

231 ; -----------------.pushv-------------------------
232 <snippet> .pushv(Type,$Var,Offset,$Method)
233 #DECF FSR0L,F
234 <if>(Offset=0)
235 #BANKSEL $Var_$Method
236 #MOVF $Var_$Method,W
237 </if>
238 <default>
239 #BANKSEL $Var_$Method
240 #MOVF $Var_$Method + Offset,W
241 </default>
242 #MOVWF INDF0
243 </snippet>
244

245 ; -----------------.popv-------------------------
246 <snippet> .popv(Type,$Var,Offset,$Method)
247 #MOVF INDF0,W
248 <if>(Offset=0)
249 #BANKSEL $Var_$Method
250 #MOVWF $Var_$Method
251 </if>
252 <default>
253 #BANKSEL $Var_$Method
254 #MOVWF $Var_$Method + Offset
255 </default>
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256 #INCF FSR0L,F
257 </snippet>
258

259

260 ; -----------------.movc-------------------------
261 <snippet> .movc(Type,Const,$Var,Offset,$Method)
262 #MOVLW Const
263 <if>(Offset=0)
264 #BANKSEL $Var_$Method
265 #MOVWF $Var_$Method
266 </if>
267 <default>
268 #BANKSEL $Var_$Method
269 #MOVWF $Var_$Method + Offset
270 </default>
271 </snippet>
272

273 ; -----------------.addr_fsr-------------------------
274 <snippet> .addr_fsr($Var,$DISPL,$MethodV,$MethodD)
275 #BANKSEL $DISPL_$MethodD ; array is supposed to be located in one only bank
276 #MOVF $DISPL_$MethodD,W
277 #ADDLW LOW $Var_$MethodV
278 #MOVWF FSR0L
279 #MOVLW HIGH $Var_$MethodV
280 #MOVWF FSR0H
281 </snippet>
282

283 ;------------------.movindv--------------------------
284 <snippet> .movindv(Bits,$Var,Offset,$Method)
285 <if>(Offset=0)
286 #BANKSEL $Var_$Method
287 #MOVF INDF0,W
288 #MOVWF $Var_$Method
289 </if>
290 <default>
291 #INCF FSR0L ;we admit array is completely in one bank
292 #MOVF INDF0,W
293 #BANKSEL $Var_$Method
294 #MOVWF $Var_$Method + Offset
295 </default>
296 </snippet>
297

298 ;------------------.movvind--------------------------
299 <snippet> .movvind(Bits,$Var,Offset,$Method)
300 <if>(Offset=0)
301 #BANKSEL $Var_$Method
302 #MOVF $Var_$Method,W
303 #MOVWF INDF0
304 </if>
305 <default>
306 #INCF FSR0L
307 #BANKSEL $Var_$Method
308 #MOVF $Var_$Method + Offset,W
309 #MOVWF INDF0
310 </default>
311 </snippet>
312

313

314 ; -----------------.banksel----------------------
315 ; we need this in MOVV. If both variables are
316 ; located in the same bank, banksel must not be used.
317 ;++++++++++++++++++++++++++++++++++++++++++++++++++++
318 <snippet> .banksel(Method1,Method2,Var1,Var2,ChooseMethod)
319 <if>(Method1!=Method2)
320 <if>(ChooseMethod=1)
321 #BANKSEL Var1
322 </if>
323 <default>
324 #BANKSEL Var2
325 </default>
326 </if>
327 </snippet>
328

329 ; -----------------.movv-------------------------
330 <snippet> .movv(Type,$Var1,$Var2,Offset,$Method1,$Method2)
331 <if>(Offset=0)
332 #BANKSEL $Var1_$Method1
333 #MOVF $Var1_$Method1,W
334 </if>
335 <default>
336 .banksel(Method1,Method2,$Var1_$Method1,$Var2_$Method2,1)
337 #MOVF $Var1_$Method1 + Offset,W
338 </default>
339 .banksel(Method1,Method2,$Var1_$Method1,$Var2_$Method2,2)
340 <if>(Offset=0)
341 #MOVWF $Var2_$Method2
342 </if>
343 <default>
344 #MOVWF $Var2_$Method2 + Offset
345 </default>
346 </snippet>
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347

348 ;-----------------.label-----------------------
349 <snippet> .label ($Name)
350 #$Name:
351 </snippet>
352

353 ;-----------------.goto-----------------------
354 <snippet> .goto (Name)
355 #GOTO Name
356 </snippet>
357

358 ;-----------------.call-----------------------
359 <snippet> .call (Name)
360 #CALL Name
361 </snippet>
362

363 ;-----------------.return---------------------
364 <snippet> .return()
365 #RETURN
366 </snippet>
367

368 ;-----------------.skip-----------------------
369 <snippet> .skip(x)
370 <if> (x=1)
371 #BTFSS STATUS,STATUS_Z_POSITION
372 </if>
373 <default>
374 #BTFSC STATUS,STATUS_Z_POSITION
375 </default>
376 </snippet>
377

378 ;-----------------.add-------------------------
379 <snippet> .add ($X,$Y,Offset,$Method)
380 ; X and Y are supposed to be in the same bank
381 <if> (Offset!=0)
382 #BANKSEL $Y_$Method
383 #MOVF $Y_$Method+Offset,W
384 #BTFSC STATUS,STATUS_C_POSITION
385 #INCFSZ $Y_$Method+Offset,W
386 #BANKSEL $X_$Method
387 #ADDWF $X_$Method+Offset,F
388 </if>
389 <default>
390 #BANKSEL $Y_$Method
391 #MOVF $Y_$Method,W
392 #BANKSEL $X_$Method
393 #ADDWF $X_$Method,F
394 </default>
395 </snippet>
396

397 ;-----------------.sub-------------------------
398 <snippet> .sub ($X,$Y,Offset,$Method)
399 <if> (Offset!=0)
400 #BANKSEL $Y_$Method
401 #MOVF $Y_$Method+Offset,W
402 #BTFSS STATUS,STATUS_C_POSITION
403 #INCFSZ $Y_$Method+Offset,W
404 #BANKSEL $X_$Method
405 #SUBWF $X_$Method+Offset,F
406 </if>
407 <default>
408 #BANKSEL $Y_$Method
409 #MOVF $Y_$Method,W
410 #BANKSEL $X_$Method
411 #SUBWF $X_$Method,F
412 </default>
413 </snippet>
414

415 ;----------------.eqzero----------------------
416 <snippet> .eqzero(Type,$Var,Offset,$Method)
417 <if>(Offset=0)
418 #BANKSEL $Var_$Method
419 #MOVF $Var_$Method,W
420 </if>
421 <default>
422 #BANKSEL $Var_$Method
423 #BTFSC STATUS,STATUS_Z_POSITION
424 #MOVF $Var_$Method + Offset,W
425 </default>
426 </snippet>
427

428 ;-----------------.shL----------------------
429 <snippet> .shL($Var,Offset,$Method)
430 <if> (Offset=0)
431 #RLF $Var_$Method,F
432 </if>
433 <default>
434 #RLF $Var_$Method + Offset,F
435 </default>
436 </snippet>
437
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438 ;-----------------prefixsh------------------
439 <snippet> .prefixsh($Var,$Method)
440 #BANKSEL $Var_$Method
441 #BCF STATUS,STATUS_C_POSITION
442 </snippet>
443

444 ;-----------------postfixsh------------------
445 <snippet> .postfixsh($Var,Offset,Bit,$Method)
446 #BTFSC STATUS,C
447 <if> (Offset=0)
448 #BSF $Var_$Method,Bit
449 </if>
450 <default>
451 #BSF $Var_$Method + Offset,Bit
452 </default>
453 </snippet>
454

455 ;-----------------.shR----------------------
456 <snippet> .shR($Var,Offset,$Method)
457 <if> (Offset=0)
458 #RRF $Var_$Method,F
459 </if>
460 <default>
461 #RRF $Var_$Method + Offset,F
462 </default>
463 </snippet>
464

465 ; -----------------.clrf-------------------------
466 <snippet> .clrf(Type,$Var,Offset,$Method)
467 <if>(Offset=0)
468 #BANKSEL $Var_$Method
469 #CLRF $Var_$Method
470 </if>
471 <default>
472 #BANKSEL $Var_$Method
473 #CLRF $Var_$Method + Offset
474 </default>
475 </snippet>
476

477 <snippet> .clrf_raw(Address)
478 #BANKSEL Address
479 #CLRF Address,F
480 </snippet>
481

482 ;------------------.chs-------------------------
483 <snippet> .chs($Var,Offset,$Method)
484 <if> (Offset=0)
485 #BANKSEL $Var_$Method
486 #INCF $Var_$Method,F
487 </if>
488 <default>
489 #BANKSEL $Var_$Method
490 #BTFSC STATUS,STATUS_Z_POSITION
491 #INCF $Var_$Method + Offset,F
492 </default>
493 </snippet>
494

495 ; ----------.branchSTATUS------------------------
496 <snippet> .branchSTATUS(Testbit,$BitOp)
497 #BTFS$BitOp STATUS,Testbit
498 </snippet>
499

500 ;-----------.orconst----------------------
501 <snippet> .orconst(Const,$Var,Offset,$Method)
502 #MOVLW Const
503 <if> (Offset!=0)
504 #BANKSEL $Var_$Method
505 #IORWF $Var_$Method+Offset,F
506 </if>
507 <default>
508 #BANKSEL $Var_$Method
509 #IORWF $Var_$Method,F
510 </default>
511 </snippet>
512

513 <snippet> .orconst_raw(Const,Address)
514 #MOVLW Const
515 #BANKSEL Address
516 #IORWF Address,F
517 </snippet>
518

519 ;-----------------.or3-------------------------
520 <snippet> .or3 ($X,$Y,$DEST,Offset,$Method)
521 ;X and Y are supposed to be located in the same bank
522 <if> (Offset!=0)
523 #BANKSEL $Y_$Method
524 #MOVF $Y_$Method+Offset,W
525 #BANKSEL $X_$Method
526 #IORWF $X_$Method+Offset,W
527 #BANKSEL $DEST_$Method
528 #MOVWF $DEST_$Method+Offset
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529 </if>
530 <default>
531 #BANKSEL $Y_$Method
532 #MOVF $Y_$Method,W
533 #BANKSEL $X_$Method
534 #IORWF $X_$Method,W
535 #BANKSEL $DEST_$Method
536 #MOVWF $DEST_$Method
537 </default>
538 </snippet>
539

540 ;-----------------.or-------------------------
541 <snippet> .or($X,$Y,Offset,$Method)
542 <if> (Offset!=0)
543 #BANKSEL $Y_$Method
544 #MOVF $Y_$Method+Offset,W
545 #BANKSEL $X_$Method
546 #IORWF $X_$Method+Offset,F
547 </if>
548 <default>
549 #BANKSEL $Y_$Method
550 #MOVF $Y_$Method,W
551 #BANKSEL $X_$Method
552 #IORWF $X_$Method,F
553 </default>
554 </snippet>
555

556 ;-----------.xorconst----------------------
557 <snippet> .xorconst(Const,$Var,Offset,$Method)
558 #MOVLW Const
559 <if> (Offset!=0)
560 #BANKSEL $Var_$Method
561 #XORWF $Var_$Method+Offset,F
562 </if>
563 <default>
564 #BANKSEL $Var_$Method
565 #XORWF $Var_$Method,F
566 </default>
567 </snippet>
568

569 <snippet> .xorconst_raw(Const,Address)
570 #MOVLW Const
571 #BANKSEL Address
572 #XORWF Address,F
573 </snippet>
574

575 ;-----------------.xor-------------------------
576 <snippet> .xor($X,$Y,Offset,$Method)
577 <if> (Offset!=0)
578 #BANKSEL $Y_$Method
579 #MOVF $Y_$Method+Offset,W
580 #BANKSEL $X_$Method
581 #XORWF $X_$Method+Offset,F
582 </if>
583 <default>
584 #BANKSEL $Y_$Method
585 #MOVF $Y_$Method,W
586 #BANKSEL $X_$Method
587 #XORWF $X_$Method,F
588 </default>
589 </snippet>
590

591 ;-----------.andconst----------------------
592 <snippet> .andconst(Const,$Var,Offset,$Method)
593 #MOVLW Const
594 <if> (Offset!=0)
595 #BANKSEL $Var_$Method
596 #ANDWF $Var_$Method+Offset,F
597 </if>
598 <default>
599 #BANKSEL $Var_$Method
600 #ANDWF $Var_$Method,F
601 </default>
602 </snippet>
603

604 <snippet> .andconst_raw(Const,Address)
605 #MOVLW Const
606 #BANKSEL Address
607 #ANDWF Address,F
608 </snippet>
609

610 ;-----------------.and-------------------------
611 <snippet> .and($X,$Y,Offset,$Method)
612 <if> (Offset!=0)
613 #BANKSEL $Y_$Method
614 #MOVF $Y_$Method+Offset,W
615 #BANKSEL $X_$Method
616 #ANDWF $X_$Method+Offset,F
617 </if>
618 <default>
619 #BANKSEL $Y_$Method
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620 #MOVF $Y_$Method,W
621 #BANKSEL $X_$Method
622 #ANDWF $X_$Method,F
623 </default>
624 </snippet>
625

626 ;----------------.prefixcomp----------------
627 <snippet> .prefixcomp(Bits,$X,$Y,$Z,Offset,$Method)
628 ;This xors both operands, but stores the result into
629 ;third operand's low byte
630 #BANKSEL $Y_$Method
631 <if> (Offset!=0)
632 #MOVF $Y_$Method+Offset,W
633 #BANKSEL $X_$Method
634 #XORWF $X_$Method+Offset,W
635 </if>
636 <default>
637 #MOVF $Y_$Method,W
638 #BANKSEL $X_$Method
639 #XORWF $X_$Method,W
640 </default>
641 #BANKSEL $Z_$Method
642 #MOVWF $Z_$Method
643 </snippet>
644

645 ;---------------.postfixcomp---------------
646 <snippet> .postfixcomp($var,const1,const2,$Method,$BitOp,Testbit)
647 #MOVLW const1
648 #BTFS$BitOp STATUS,Testbit
649 #MOVLW const2
650 #BANKSEL $var_$Method
651 #MOVWF $var_$Method
652 </snippet>
653

654 ;------------------.geq-----------------------
655 <snippet> .geq($X,$Y,Offset,$Method)
656 ;in fact subtraction, but x is not altered
657 <if> (Offset!=0)
658 #BANKSEL $Y_$Method
659 #MOVF $Y_$Method+Offset,W
660 #BTFSS STATUS,STATUS_C_POSITION
661 #INCFSZ $Y_$Method+Offset,W
662 #BANKSEL $X_$Method
663 #SUBWF $X_$Method+Offset,W
664 </if>
665 <default>
666 #BANKSEL $Y_$Method
667 #MOVF $Y_$Method,W
668 #BANKSEL $X_$Method
669 #SUBWF $X_$Method,W
670 </default>
671 </snippet>
672

673 ;---------------.postfixeq---------------
674 <snippet> .postfixeq(Bits,$var,const1,const2,$Method,$BitOp,Testbit,$Local)
675 #MOVLW const1
676 #BTFS$BitOp STATUS,Testbit
677 <if> (Bits!=ProcessorWidth)
678 #NEQENTRY_$Local:
679 </if>
680 #MOVLW const2
681 #BANKSEL $var_$Method
682 #MOVWF $var_$Method
683 </snippet>
684

685

686 ;----------------.eq----------------------
687 <snippet> .eq($X,$Y,Offset,$Method,$BitOp,$Local)
688 <if> (Offset!=0)
689 #BANKSEL $Y_$Method
690 #MOVF $Y_$Method+Offset,W
691 #BANKSEL $X_$Method
692 #XORWF $X_$Method+Offset,W
693 #BTFS$BitOp STATUS,STATUS_Z_POSITION
694 #GOTO NEQENTRY_$Local
695 </if>
696 <default>
697 #BANKSEL $Y_$Method
698 #MOVF $Y_$Method,W
699 #BANKSEL $X_$Method
700 #XORWF $X_$Method,W
701 </default>
702 </snippet>
703

704 ;------------------.not-----------------------
705 <snippet> .not($X,Offset,$Method)
706 <if> (Offset!=0)
707 #BANKSEL $X_$Method
708 #COMF $X_$Method + Offset,F
709 </if>
710 <default>

69



711 #BANKSEL $X_$Method
712 #COMF $X_$Method,F
713 </default>
714 </snippet>
715

716 <snippet> .not_raw(Address)
717 #BANKSEL Address
718 #COMF Address,F
719 </snippet>
720

721 ;-----------------.swap--------------------------
722 <snippet>.swap($Var,Offset,$Method)
723 ;this is sub-byte 4 nibble swap
724 <if> (Offset!=0)
725 #BANKSEL $Var_$Method
726 #SWAPF $Var_$Method + Offset,F
727 </if>
728 <default>
729 #BANKSEL $Var_$Method
730 #SWAPF $Var_$Method,F
731 </default>
732 </snippet>
733

734 <snippet>.swap2($Var,Offset,Offset2,$Method)
735 ; old IBM trick "Hacker's Delight" p.45
736 <if> (Offset!=0)
737 #BANKSEL $Var_$Method
738 #MOVF $Var_$Method+Offset2,W
739 #XORWF $Var_$Method+Offset,W
740 #MOVWF $Var_$Method+Offset
741 #XORWF $Var_$Method+Offset2,W
742 #MOVWF $Var_$Method+Offset2
743 #XORWF $Var_$Method+Offset,F
744 </if>
745 <default>
746 #BANKSEL $Var_$Method
747 #MOVF $Var_$Method+Offset2,W
748 #XORWF $Var_$Method,W
749 #MOVWF $Var_$Method
750 #XORWF $Var_$Method+Offset2,W
751 #MOVWF $Var_$Method+Offset2
752 #XORWF $Var_$Method,F
753 </default>
754 </snippet>
755

756 ;------------------high-----------------------
757 <snippet>.high($Var,Offset,Offset2,$Method)
758 <if> (Offset!=0)
759 #BANKSEL $Var_$Method
760 #MOVF $Var_$Method+Offset2,W
761 #MOVWF $Var_$Method+Offset
762 </if>
763 <default>
764 #BANKSEL $Var_$Method
765 #MOVF $Var_$Method+Offset2,W
766 #MOVWF $Var_$Method
767 </default>
768 </snippet>
769

770 ;---------------.setclearbit-------------------
771 <snippet> .setclearbit($Var,$Method,Bit,Offset,$BitOp)
772 <if>(Offset=0)
773 #BANKSEL $Var_$Method
774 #B$BitOpF $Var_$Method,Bit
775 </if>
776 <default>
777 #BANKSEL $Var_$Method
778 #B$BitOpF $Var_$Method + Offset,Bit
779 </default>
780 </snippet>
781

782 <snippet> .setclearbit2(Address,Bit,Mask,$BitOp) ;this is 16F88, not implemented for 16F13145 yet
783 ; TRISA and TRISB should be treated differently, because of
784 ; "read-modify-write" issue
785 <if> (Address=133)OR(Address=134) ;TRISA or TRISB
786 #BANKSEL Address
787 #MOVF Address,W
788 <if>($BitOp=S)
789 #IORLW Mask
790 </if>
791 <default>
792 #ANDLW Mask
793 </default>
794 #MOVWF Address
795 </if>
796 <default>
797 #BANKSEL Address
798 #B$BitOpF Address,Bit
799 </default>
800 </snippet>
801
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802 ;---------------.branchbit-------------------
803 <snippet> .branchbit($Var,$Method,Testbit,Offset,$BitOp)
804 <if>(Offset=0)
805 #BANKSEL $Var_$Method
806 #BTFS$BitOp $Var_$Method,Testbit
807 </if>
808 <default>
809 #BANKSEL $Var_$Method
810 #BTFS$BitOp $Var_$Method + Offset,Testbit
811 </default>
812 </snippet>
813

814 <snippet> .branchbit2(Address,Testbit,$BitOp)
815 #BANKSEL Address
816 #BTFS$BitOp Address,Testbit
817 </snippet>
818

819 ;--------------INT32------------------------------------
820 ;!!!!!!!!!!!!!!!!!!! specific PIC16F88 iCode!!!!!!!!!!!!!!!
821 ; these functions only convert the type without altering content
822 ; !!!!!!!!!! EXCEPTION: we use native code here !!!!!!!!!!!
823 <snippet> INT32_(Type,Bits,Method,$Job)
824 <if>(Bits<32)
825 POPV_(Type,Bits,sys_x,$Job,$Job)
826 #MOVLW 0
827 BRANCHNEG_basic(Type,Bits,sys_x,$Job,C)
828 #MOVLW 255
829 <if>(Bits=8)
830 #MOVWF sys_x_$Job+1
831 </if>
832 #MOVWF sys_x_$Job+2
833 #MOVWF sys_x_$Job+3
834 PUSHV_(i,32,sys_x,$Job,$Job)
835 </if>
836 <altif>(Bits>32)
837 POPV_(Type,Bits,sys_x,$Job,$Job)
838 PUSHV_(i,32,sys_x,$Job,$Job)
839 </altif>
840 <default>
841 </default>
842 </snippet>
843

844 ;-------------------DELAY--------------------------------------
845 ;!!!!!!!!!!!!!!!!!!! specific PIC16F88 iCode!!!!!!!!!!!!!!!
846 <snippet> DELAYA_(Const,$Var,$Method,$Label,First) ;supposed to be 8-bit sized
847 <if> (First=1)
848 #BANKSEL $Var_$Method ;all concerned variables should be located in the same bank
849 </if>
850 #MOVLW Const
851 #MOVWF $Var_$Method
852 #LABEL_$Label:
853 </snippet>
854

855 <snippet> DELAYB_($Var,$Method,$Label) ;supposed to be 8-bit sized
856 #DECFSZ $Var_$Method,F
857 #GOTO LABEL_$Label
858 </snippet>
859

860 <snippet> NOP_basic(Count)
861 <if> (Count>0)
862 #NOP
863 NOP_basic(Count-1)
864 </if>
865 </snippet>
866

867 <snippet> NOP_(Count)
868 NOP_basic(Count)
869 </snippet>
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