

    
      
          
            
  
Introduction

The ppci (pure python compiler infrastructure) project is a compiler
written entirely in python.

The project contains:


	A set of command line utilities, such as ppci-cc and ppci-ld.


	A pythonic api


	
	Language front-ends:

	
	C


	Python


	Brainfuck


	Pascal


	c3


	Fortran


	Basic










	
	Backends for various target architectures:

	
	6500, arm, avr, m68k, Microblaze


	msp430, Open risc, ricv-v, stm8


	x86_64, xtensa










	
	Support for:

	
	WebAssembly


	java JVM


	OCaml bytecode










	
	Support for various file formats:

	
	hexfile


	s-records


	ELF files


	exe files










	A simple intermediate language


	Machine independent code generation algorithms
for register allocation and instruction selection


	A simple way to describe an instruction set




An example of command-line usage:

$ cd examples/linux64/hello-make
$ ppci-cc -c -O1 -o hello.o hello.c
...
$ ppci-ld --entry main --layout linux64.ld hello.o -o hello
...
$ ./hello
Hello, World!





An example usage of the library API:

>>> import io
>>> from ppci.api import cc, link
>>> source_file = io.StringIO("""
...  int printf(char* fmt) { }
...
...  void main() {
...     printf("Hello world!\n");
...  }
... """)
>>> obj = cc(source_file, 'arm')
>>> obj = link([obj])





Moving to the assembly level:

>>> import io
>>> from ppci.api import asm
>>> source_file = io.StringIO("""section code
... pop rbx
... push r10
... mov rdi, 42""")
>>> obj = asm(source_file, 'x86_64')
>>> obj.get_section('code').data
bytearray(b'[ARH\xbf*\x00\x00\x00\x00\x00\x00\x00')





Or even lower level:

>>> from ppci.arch.x86_64 import instructions, registers
>>> i = instructions.Pop(registers.rbx)
>>> i.encode()
b'['






Warning

This project is in alpha state and not ready for production use!
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Quickstart


Installation


Using pip

Install ppci in a virtualenv [https://virtualenv.readthedocs.io/] environment:

$ virtualenv sandbox
$ source sandbox/bin/activate
(sandbox) $ pip install ppci
(sandbox) $ ppci-build -h





If ppci installed correcly, you will get a help message of the
ppci-build commandline tool.




Manually

Alternatively you can download a zip package from
PyPI [https://pypi.python.org/pypi/ppci]
or from GitHub [https://github.com/windelbouwman/ppci].
Unpack the source archive and open a console in this directory.

$ virtualenv sandbox
$ source sandbox/bin/activate
(sandbox) $ git clone https://github.com/windelbouwman/ppci.git
(sandbox) $ cd ppci
(sandbox) $ python setup.py install
(sandbox) $ ppci-build -h





If ppci installed correcly, you will get a help message of the
ppci-build commandline tool.






Compile some code!

Now lets compile some code via the high level api functions:

>>> import io
>>> from ppci.api import cc, get_arch
>>> source = "int add(int a, int b) { return a + b; }"
>>> f = io.StringIO(source)
>>> obj = cc(f, get_arch('arm'))
>>> obj
CodeObject of 48 bytes





Let review what we have just done:


	We defined a simple add function in C


	We compiled this with the ppci.api.cc() function to arm object code







Example projects

The examples folder in the ppci sourcecode [https://github.com/windelbouwman/ppci/tree/master/examples]
contains some demo projects that can be built using PPCI.

stm32f4 example

To build the blinky project do the following:

$ cd examples/blinky
$ ppci-build





Flash the hexfile using your flashtool of choice on the stm32f4discovery board
and enjoy the magic.

arduino example

To build and flash the arduino blink led example, use the following commands:

$ cd examples/avr/arduino-blinky
$ ppci-build
$ avrdude -v -P /dev/ttyACM0 -c arduino -p m328p -U flash:w:blinky.hex





Linux x86_64 example

To build the hello world for 64-bit linux, go here:

$ cd examples/linux64/hello
$ ppci-build
$ ./hello





Or run the snake demo under linux:

$ cd examples/linux64/snake
$ ppci-build
$ ./snake








Next steps

If you have checked out the examples, head over to the
howto,
api and reference
sections to learn more!







          

      

      

    

  

    
      
          
            
  
Howto

This section contains several howto documents.



	Creating a toy language
	Part 0 - preparation

	Part 1 - textx

	Part 2 - connecting the backend

	Part 3 - translating the elements

	Part 4 - Creating a linux executable

	Final words





	How to write a new backend
	Register description

	Tokens

	Instruction description

	Relocations

	Instruction groups

	Instruction selection patterns

	Architecture description
	Code generating functions

	Architecture information









	How to write an optimizer
	The optimization

	The implementation





	JITting
	C-way

	Python-way

	Calling Python functions from native code

	Benchmarking and call overheads





	Dealing with webassembly
	Compiling wasm to native code





	Code instrumentation









          

      

      

    

  

    
      
          
            
  
Creating a toy language

In this how-to, we will develop our own toy language. We will use textx to
define our own language and use the ppci backend for optimization and code
generation.

As an example we will create a simple language that can calculate simple
expressions and use variables. An example of this toy language looks like
this:

b = 2;
c = 5 + 5 * b;
d = 133 * c - b;
print b;
print c;





The language is very limited (which makes it easy to implement), but it
contains enough for an example. The example above is stored in a file called
‘example.tcf’ (tcf stands for toy calculator format).


Part 0 - preparation

Before we can begin creating the toy language compiler, we need the required
dependencies. For that a virtualenv can be created like this:

[windel@hoefnix toydsl]$ virtualenv dslenv
Using base prefix '/usr'
New python executable in /home/windel/HG/ppci/examples/toydsl/dslenv/bin/python3
Also creating executable in /home/windel/HG/ppci/examples/toydsl/dslenv/bin/python
Installing setuptools, pip, wheel...done.
[windel@hoefnix toydsl]$ source dslenv/bin/activate
(dslenv) [windel@hoefnix toydsl]$ pip install textx ppci
Collecting textx
Collecting ppci
  Using cached ppci-0.5-py3-none-any.whl
Collecting Arpeggio (from textx)
Installing collected packages: Arpeggio, textx, ppci
Successfully installed Arpeggio-1.5 ppci-0.5 textx-1.4
(dslenv) [windel@hoefnix toydsl]$





After this step, we now have a virtual environment with textx and ppci
installed.




Part 1 - textx

In this part the parsing of the language will be done. A great deal will be
done by textx.
For a detailed
explanation of the workings of textx, please see:
http://igordejanovic.net/textX/

Lets define a grammar file, called toy.tx:

Program: statements*=Statement;
Statement: (PrintStatement | AssignmentStatement) ';';
PrintStatement: 'print' var=ID;
AssignmentStatement: var=ID '=' expr=Expression;
Expression: Sum;
Sum: Product (('+'|'-') Product)*;
Product: Value ('*' Value)*;
Value: ID | INT | ('(' Expression ')');





This grammar is able to parse our toy language. Next we create a python
script to load this grammar and parse the toy example program:

from textx.metamodel import metamodel_from_file

toy_mm = metamodel_from_file('toy.tx')

# Load the program:
program = toy_mm.model_from_file('example.tcf')

for statement in program.statements:
    print(statement)





Now if we run this file, we see the following:

(dslenv) [windel@hoefnix toydsl]$ python toy.py
<textx:AssignmentStatement object at 0x7f20c9d87cc0>
<textx:AssignmentStatement object at 0x7f20c9d87908>
<textx:AssignmentStatement object at 0x7f20c9d870b8>
<textx:PrintStatement object at 0x7f20c9d87ac8>
<textx:PrintStatement object at 0x7f20c9d95588>





We now have a simple parser for the toy language, and can parse it.




Part 2 - connecting the backend

Now that we can parse the dsl, it is time to create new code from the parsed
format. To generate code, first the program must be translated to ir code.

The following snippet creates an IR-module, a procedure and a block to
store instructions in. Instructions at this point are not machine instructions
but abstract instructions that can be translated into any kind of machine
code later on.

from ppci import ir
ir_module = ir.Module('toy')
ir_function = ir.Procedure('toy', ir.Binding.GLOBAL)
ir_module.add_function(ir_function)
ir_block = ir.Block('entry')
ir_function.entry = ir_block
ir_function.add_block(ir_block)





Next, we need to translate each statement into some code, but we will do that
later.

for statement in program.statements:
    print(statement)





First we will add the closing code, that verifies our own constructed
module, and compiles the ir code to object code, links this and creates an
oj file.

ir_block.add_instruction(ir.Exit())





The code above creates an Exit instruction and adds the instruction to the
block. Next we can verify the IR-code, to make sure that the program we
created contains no errors. The ir_to_object function translates the program
from IR-code into an object for the given target architecture, in this case
x86_64, but you could as well use AVR or riscv here.

from ppci.irutils import Verifier
from ppci import api
Verifier().verify(ir_module)
obj1 = api.ir_to_object([ir_module], 'x86_64')
obj = api.link([obj1])
print(obj)





The printed object shows that it conains 11 bytes.

(dslenv) [windel@hoefnix toydsl]$ python toy.py
...
CodeObject of 11 bytes
(dslenv) [windel@hoefnix toydsl]$





We can write the object to file using the following code:

with open('example.oj', 'w') as f:
    obj.save(f)





The oj file is a ppci format for object files, pronounced ‘ojee’. It is
a readable json format with the object information in it:

{
  "arch": "x86_64",
  "images": [],
  "relocations": [
    {
      "offset": "0x4",
      "section": "code",
      "symbol": "toy_toy_epilog",
      "type": "apply_b_jmp32"
    }
  ],
  "sections": [
    {
      "address": "0x0",
      "alignment": "0x4",
      "data": "",
      "name": "data"
    },
    {
      "address": "0x0",
      "alignment": "0x4",
      "data": "55488bece9000000005dc3",
      "name": "code"
    }
  ],
  "symbols": [
    {
      "name": "toy_toy",
      "section": "code",
      "value": "0x0"
    },
    {
      "name": "toy_toy_block_entry",
      "section": "code",
      "value": "0x4"
    },
    {
      "name": "toy_toy_epilog",
      "section": "code",
      "value": "0x9"
    }
  ]
}





As you can see, there are two sections, for code and for data. The code
section contains some bytes. This is x86_64 machine code.




Part 3 - translating the elements

In this part we will create code snippets for each type of TCF code. For this
we will use the textx context processor system, and we will also rewrite the
initial code such that we have a class that can translate TCF code into
IR-code. The entry point to the class will be a compile member function
that translates a TCF file into a IR-module.

The whole script now looks like this:
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	import logging
import struct
from textx.metamodel import metamodel_from_file
from ppci import ir
from ppci.irutils import verify_module
from ppci import api


def pack_string(txt):
    ln = struct.pack('<Q', len(txt))
    return ln + txt.encode('ascii')


class TcfCompiler:
    """ Compiler for the Tcf language """
    logger = logging.getLogger('tcfcompiler')

    def __init__(self):
        self.int_size = 8
        self.int_type = ir.i64
        self.toy_mm = metamodel_from_file('toy.tx')
        self.toy_mm.register_obj_processors({
            'PrintStatement': self.handle_print,
            'AssignmentStatement': self.handle_assignment,
            'Expression': self.handle_expression,
            'Sum': self.handle_sum,
            'Product': self.handle_product,
            })

    def compile(self, filename):
        self.variables = {}

        # Prepare the module:
        ir_module = ir.Module('toy')
        self.io_print2 = ir.ExternalProcedure('io_print2', [ir.ptr, self.int_type])
        ir_module.add_external(self.io_print2)
        ir_function = ir.Procedure('toy_toy', ir.Binding.GLOBAL)
        ir_module.add_function(ir_function)
        self.ir_block = ir.Block('entry')
        ir_function.entry = self.ir_block
        ir_function.add_block(self.ir_block)

        # Load the program:
        self.toy_mm.model_from_file('example.tcf')

        # Close the procedure:
        self.emit(ir.Exit())

        verify_module(ir_module)
        return ir_module

    def emit(self, instruction):
        self.ir_block.add_instruction(instruction)
        return instruction

    def handle_print(self, print_statement):
        self.logger.debug('print statement %s', print_statement.var)
        name = print_statement.var
        value = self.load_var(name)
        label_data = pack_string('{} :'.format(name))
        label = self.emit(ir.LiteralData(label_data, 'label'))
        label_ptr = self.emit(ir.AddressOf(label, 'label_ptr'))
        self.emit(ir.ProcedureCall(self.io_print2, [label_ptr, value]))

    def handle_assignment(self, assignment):
        self.logger.debug(
            'assign %s = %s', assignment.var, assignment.expr)
        name = assignment.var
        assert isinstance(name, str)

        # Create the variable on stack, if not already present:
        if name not in self.variables:
            alloc = self.emit(
                ir.Alloc(name + '_alloc', self.int_size, self.int_size))
            addr = self.emit(ir.AddressOf(alloc, name + '_addr'))
            self.variables[name] = addr
        mem_loc = self.variables[name]
        value = assignment.expr.ir_value
        self.emit(ir.Store(value, mem_loc))

    def handle_expression(self, expr):
        self.logger.debug('expression')
        expr.ir_value = expr.val.ir_value

    def handle_sum(self, sum):
        """ Process a sum element """
        self.logger.debug('sum')
        lhs = sum.base.ir_value
        for term in sum.terms:
            op = term.operator
            rhs = term.value.ir_value
            lhs = self.emit(ir.Binop(lhs, op, rhs, 'sum', self.int_type))
        sum.ir_value = lhs

    def handle_product(self, product):
        self.logger.debug('product')
        lhs = self.get_value(product.base)
        for factor in product.factors:
            rhs = self.get_value(factor.value)
            lhs = self.emit(ir.Binop(lhs, '*', rhs, 'prod', self.int_type))
        product.ir_value = lhs

    def get_value(self, value):
        if isinstance(value, int):
            ir_value = self.emit(ir.Const(value, 'constant', self.int_type))
        elif isinstance(value, str):
            ir_value = self.load_var(value)
        else:  # It must be an expression!
            ir_value = value.ir_value
        return ir_value

    def load_var(self, var_name):
        mem_loc = self.variables[var_name]
        return self.emit(ir.Load(mem_loc, var_name, self.int_type))


tcf_compiler = TcfCompiler()
ir_module = tcf_compiler.compile('example.tcf')

obj1 = api.ir_to_object([ir_module], 'x86_64')
obj2 = api.c3c(['bsp.c3', '../../librt/io.c3'], [], 'x86_64')
obj3 = api.asm('linux.asm', 'x86_64')
obj = api.link([obj1, obj2, obj3], layout='layout.mmap')

print(obj)
with open('example.oj', 'w') as f:
    obj.save(f)

# Create a linux elf file:
api.objcopy(obj, 'code', 'elf', 'example')







And the textx description is modified to include sum and product terms:

Program: statements*=Statement;
Statement: (PrintStatement | AssignmentStatement) ';';
PrintStatement: 'print' var=ID;
AssignmentStatement: var=ID '=' expr=Expression;
Expression: val=Sum;
Sum: base=Product terms*=ExtraTerm;
ExtraTerm: operator=Operator value=Product;
Operator: '+' | '-';
Product: base=Value factors*=ExtraFactor;
ExtraFactor: operator='*' value=Value;
Value: ID | INT | ('(' Expression ')');





When we run this script, the output is the following:

(dslenv) [windel@hoefnix toydsl]$ python toy.py
CodeObject of 117 bytes
(dslenv) [windel@hoefnix toydsl]$





As we can see, the object file has increased in size because we translated
the elements.




Part 4 - Creating a linux executable

In this part we will create a linux executable from the object code we
created. We will do this very low level, without libc, directly using the
linux syscall api.

We will start with the low level assembly glue code (linux.asm):

section reset

start:
    call toy_toy
    call bsp_exit

bsp_syscall:
    mov rax, rdi ; abi param 1
    mov rdi, rsi ; abi param 2
    mov rsi, rdx ; abi param 3
    mov rdx, rcx ; abi param 4
    syscall
    ret





In this assembly snippet, we defined a sequence of code in the reset section
which calls our toy_toy function and next the bsp_exit function. Bsp is
an abbreviation for board support package, and we need it to connect other
code to the platform we run on. The syscall assembly function calls the linux
kernel with four parameters.

Next we define the rest of the bsp in bsp.c3:

module bsp;

public function void putc(byte c)
{
  syscall(1, 1, cast<int64_t>(&c), 1);
}

function void exit()
{
    syscall(60, 0, 0, 0);
}

function void syscall(int64_t nr, int64_t a, int64_t b, int64_t c);





Here we implement two syscalls, namely putc and exit.

For the print function, we will refer to the already existing io module
located in the librt folder of ppci. To compile and link the different parts
we use the following snippet:

obj1 = api.ir_to_object([ir_module], 'x86_64')
obj2 = api.c3c(['bsp.c3', '../../librt/io.c3'], [], 'x86_64')
obj3 = api.asm('linux.asm', 'x86_64')
obj = api.link([obj1, obj2, obj3], layout='layout.mmap')





In this snippet, three object files are created. obj1 contains our toy
languaged compiled into x86 code. obj2 contains the c3 bsp and io code.
obj3 contains the assembly sourcecode.

For the link command we also use a layout file, telling the linker where
it must place which piece of the object file. In the case of linux, we use
the following (layout.mmap):

MEMORY code LOCATION=0x40000 SIZE=0x10000 {
    SECTION(reset)
    ALIGN(4)
    SECTION(code)
}

MEMORY ram LOCATION=0x20000000 SIZE=0xA000 {
    SECTION(data)
}





As a final step, we invoke the objcopy command to create a linux ELF
executable:

# Create a linux elf file:
api.objcopy(obj, 'code', 'elf', 'example')





This command creates a file called ‘example’, which is an ELF file for linux.
The file can be inspected with objdump:

(dslenv) [windel@hoefnix toydsl]$ objdump example -d

example:     file format elf64-x86-64


Disassembly of section code:

000000000004001c <toy_toy>:
   4001c:   55                      push   %rbp
   4001d:   41 56                   push   %r14
   4001f:   41 57                   push   %r15
   40021:   48 81 ec 18 00 00 00    sub    $0x18,%rsp
   40028:   48 8b ec                mov    %rsp,%rbp

000000000004002b <toy_toy_block_entry>:
   4002b:   49 be 02 00 00 00 00    movabs $0x2,%r14
   40032:   00 00 00
   40035:   4c 89 75 00             mov    %r14,0x0(%rbp)
   40039:   4c 8b 7d 00             mov    0x0(%rbp),%r15
   4003d:   49 be 05 00 00 00 00    movabs $0x5,%r14

...





We can now run the executable:

(dslenv) [windel@hoefnix toydsl]$ ./example
Segmentation fault (core dumped)
(dslenv) [windel@hoefnix toydsl]$





Sadly, this is not exactly what we hoped for!

The problem here is that we did not call the io_print function with the
proper arguments. To fix this, we can change the print handling routine
like this:

def handle_print(self, print_statement):
    self.logger.debug('print statement %s', print_statement.var)
    name = print_statement.var
    value = self.load_var(name)
    label_data = pack_string('{} :'.format(name))
    label = self.emit(ir.LiteralData(label_data, 'label'))
    self.emit(ir.ProcedureCall('io_print2', [label, value]))





We use here io_print2, which takes a label and a value. The label must be
packed as a pascal style string, meaning a length integer followed by
the string data. We can implement this string encoding with the following
function:

def pack_string(txt):
    ln = struct.pack('<Q', len(txt))
    return ln + txt.encode('ascii')





Now we can compile the TCF file again, and check the result:

(dslenv) [windel@hoefnix toydsl]$ python toy.py
CodeObject of 1049 bytes
(dslenv) [windel@hoefnix toydsl]$ ./example
b :0x00000002
c :0x0000000F
(dslenv) [windel@hoefnix toydsl]$ cat example.tcf
b = 2;
c = 5 + 5 * b;
d = 133 * c - b;
print b;
print c;
(dslenv) [windel@hoefnix toydsl]$





As we can see, the compiler worked out correctly!




Final words

In this tutorial we have seen how to create a simple language.
The entire example for this code can be found in the
examples/toydsl directory in the ppci repository.







          

      

      

    

  

    
      
          
            
  
How to write a new backend

This section describes how to add a new backend. The best thing to do is
to take a look at existing backends, like the backends for ARM and X86_64.

A backend consists of the following parts:


	Register descriptions


	Instruction descriptions


	Template descriptions


	Function calling machinery


	Architecture description





Register description

A backend must describe what kinds of registers are available. To do this
define for each register class a subclass of ppci.arch.isa.Register.

There may be several register classes, for example 8-bit and 32-bit registers.
It is also possible that these classes overlap.

from ppci.arch.encoding import Register

class X86Register(Register):
    bitsize = 32

class LowX86Register(Register):
    bitsize = 8

AL = LowX86Register('al', num=0)
AH = LowX86Register('ah', num=4)
EAX = X86Register('eax', num=0, aliases=(AL, AH))








Tokens

Tokens are the basic building blocks of complete instructions. They correspond to
byte sequences of parts of instructions. Good examples are the opcode token
of typically one byte, the prefix token and the immediate tokens which
optionally follow an opcode. Typically RISC machines will have instructions
with one token, and CISC machines will have instructions consisting of
multiple tokens.

To define a token, subclass the ppci.arch.token.Token and optionally
add bitfields:

from ppci.arch.token import Token, bit_range

class Stm8Token(Token):
    class Info:
        size = 8

    opcode = bit_range(0, 8)





In this example an 8-bit token is defined with one field called ‘opcode’ of
8 bits.




Instruction description

An important part of the backend is the definition of instructions. Every
instruction for a specific machine derives from
ppci.arch.encoding.Instruction.

Lets take the nop example of stm8. This instruction can be defined like this:

from ppci.arch.encoding import Instruction, Syntax

class Nop(Instruction):
    syntax = Syntax(['nop'])
    tokens = [Stm8Token]
    patterns = {'opcode': 0x9d}





Here the “nop” instruction is defined. It has a syntax of nop.
The syntax is used for creating a nice string
representation of the object, but also during parsing of assembly code.
The tokens contains a list of what tokens this instruction contains.

The patterns attribute contains a list of bitfield patterns. In this case
the opcode field is set to the fixed pattern 0x9d.

Instructions are also usable directly, like this:

>>> ins = Nop()
>>> str(ins)
'nop'
>>> ins
<Nop object at ...>
>>> type(ins)
<class 'Nop'>
>>> ins.encode()
b'\x9d'





Often, an instruction does not have a fixed syntax. Often an argument
can be specified, for example the stm8 adc instruction:

from ppci.arch.encoding import Operand

class Stm8ByteToken(Token):
    class Info:
        size = 8

    byte = bit_range(0, 8)

class AdcByte(Instruction):
    imm = Operand('imm', int)
    syntax = Syntax(['adc', ' ', 'a', ',', ' ', imm])
    tokens = [Stm8Token, Stm8ByteToken]
    patterns = {'opcode': 0xa9, 'byte': imm}





The imm attribute now functions as a variable instruction part. When
constructing the instruction, it must be given as an argument:

>>> ins = AdcByte(0x23)
>>> str(ins)
'adc a, 35'
>>> type(ins)
<class 'AdcByte'>
>>> ins.encode()
b'\xa9#'
>>> ins.imm
35





As a benefit of specifying syntax and patterns, the default decode classmethod
can be used to create an instruction from bytes:

>>> ins = AdcByte.decode(bytes([0xa9,0x10]))
>>> ins
<AdcByte object at ...>
>>> str(ins)
'adc a, 16'





Another option of constructing instruction classes is adding different
instruction classes to each other:

from ppci.arch.encoding import Operand

class Sbc(Instruction):
    syntax = Syntax(['sbc', ' ', 'a'])
    tokens = [Stm8Token]
    patterns = {'opcode': 0xa2}

class Byte(Instruction):
    imm = Operand('imm', int)
    syntax = Syntax([',', ' ', imm])
    tokens = [Stm8ByteToken]
    patterns = {'byte': imm}

SbcByte = Sbc + Byte





In the above example, two instruction classes are defined. When combined,
the tokens, syntax and patterns are combined into the new instruction:

>>> ins = SbcByte.decode(bytes([0xa2,0x10]))
>>> str(ins)
'sbc a, 16'
>>> type(ins)
<class 'ppci.arch.encoding.SbcByte'>








Relocations

Most instructions can be encoded directly, but some refer to a label
which is not known at the time a separate instruction is created. The answer
to this problem is relocation information. When generating instructions
also relocation information is emitted. During link time, or during loading,
the relocations are resolved and the instructions are patched.

To define a relocation, subclass ppci.arch.encoding.Relocation.

from ppci.arch.encoding import Relocation

class Stm8WordToken(Token):
    class Info:
        size = 16
        endianness = 'big'

    word = bit_range(0, 16)

class Stm8Abs16Relocation(Relocation):
    name = 'abs16'
    token = Stm8WordToken
    field = 'word'

    def calc(self, symbol_value, reloc_value):
        return symbol_value





To use this relocation, use it in instruction’s relocations function:

class Jp(Instruction):
    label = Operand('label', str)
    syntax = Syntax(['jp', ' ', label])
    tokens = [Stm8Token, Stm8WordToken]
    patterns = {'opcode': 0xcc}

    def relocations(self):
        return [Stm8Abs16Relocation(self.label, offset=1)]





The relocations function returns a list of relocations for this instruction.
In this case it is one relocation entry at offset 1 into the instruction.




Instruction groups

Instructions often not come one by one. They are usually grouped into a set of
instructions, or an instruction set architecture (ISA). An isa can be
created and instructions can be added to it, like this:

from ppci.arch.isa import Isa
my_isa = Isa()
my_isa.add_instruction(Nop)





The instructions of an isa can be inspected:

>>> my_isa.instructions
[<class 'Nop'>]





Instead of adding each instruction manually to an isa, one can also specify
the isa in the class definition of the instruction:

class Stm8Instruction(Instruction):
    isa = my_isa





The class Stm8Instruction and all of its subclasses will now be automatically
added to the isa.

Often there are some common instructions for data definition, such as
the db instruction to define a byte. These are already defined in
data_instructions. Isa’s can be added to each other to combine them, like this:

from ppci.arch.data_instructions import data_isa
my_complete_isa = my_isa + data_isa








Instruction selection patterns

In order for the compiler to know what instructions must be used when,
use can be made of the built-in pattern matching for instruction selection.
To do this, specify a series of patterns with a possible implementation
for the backend.

@my_isa.pattern('a', 'ADDU8(a, CONSTU8)', size=2, cycles=3, energy=2)
def pattern_const(context, tree, c0):
    value = tree[1].value
    context.emit(AdcByte(value))
    return A





In the function above a function is defined that matches the pattern for
adding a constant to the accumulator (a) register.
The instruction selector will use the
information about size, cycles and energy to determine the best choice
depending on codegeneration options given. For example,
if the compiler is run with option to optimize for size, the size argument will be
weighted heavier in the determination of the choice of pattern.

When a pattern is selected, the function is run, and the corresponding
instruction must be emitted into the context which is given to the function
as a first argument.

See also: ppci.arch.isa.Isa.pattern().


Note

this example uses an accumulator machine, a better example could be
given using a register machine.






Architecture description

Now that we have some instructions defined, it is time to include them
into a target architecture. To create a target architecture, subclass
ppci.arch.arch.Architecture.

A subclass must implement a fair amount of member functions. Lets examine
them one by one.


Code generating functions

There are several functions that are expected to generate code. Code
can be generated by implementing these functions as Python generators, but returning
a list of instructions is also possible. All these functions names
start with gen_.

These functions are for prologue / epilogue:


	ppci.arch.arch.Architecture.gen_prologue()


	ppci.arch.arch.Architecture.gen_epilogue()




For creating a call:


	ppci.arch.arch.Architecture.gen_call()




During instruction selection phase, the gen_call function is
called to generate code for function calls.

The member functions
ppci.arch.arch.Architecture.gen_prologue() and
ppci.arch.arch.Architecture.gen_epilogue()
are called at the very
end stage of code generation of a single function.




Architecture information

Most frontends also need some information, but not all about the target
architecture. For this create architecture info object using
ppci.arch.arch_info.ArchInfo. This class holds information
about basic type sizes, alignment and endianness of the architecture.









          

      

      

    

  

    
      
          
            
  
How to write an optimizer

This section will dive into the pecularities on how to implement an optimizer
scheme. The optimizer will be an IR optimizer, in the sense
that is transforms IR-code into new (and improved) IR-code. This makes the
optimizer both programming language and target architecture independent.


The optimization

The optimizer we will implement in this example is an optimization that
deletes redundant branching. For example, in the following code, branch
b is never taken:

module optimizable;

function i32 add(i32 z) {
  entry: {
    i32 x = 1;
    i32 y = 2;
    cjmp x < y ? a : b;
  }
  a: {
    jmp c;
  }
  b: {
    jmp c;
  }
  c: {
    return x;
  }
}





It can be easily seen that b is never jumped to, because x < y is always
true. Time to write an optimization that simplifies this!




The implementation

To implement an optimalisation, the ppci.opt.transform.ModulePass
must be subclassed.
For this example, ppci.opt.transform.InstructionPass will be used.

import operator
from ppci.opt.transform import InstructionPass
from ppci import ir

class SimpleComparePass(InstructionPass):
    def on_instruction(self, instruction):
        if isinstance(instruction, ir.CJump) and \
                isinstance(instruction.a, ir.Const) and \
                isinstance(instruction.b, ir.Const):
            a = instruction.a.value
            b = instruction.b.value
            mp = {
                '==': operator.eq,
                '<': operator.lt, '>': operator.gt,
                '>=': operator.ge, '<=': operator.le,
                '!=': operator.ne
                }
            if mp[instruction.cond](a, b):
                label = instruction.lab_yes
            else:
                label = instruction.lab_no
            block = instruction.block
            block.remove_instruction(instruction)
            block.add_instruction(ir.Jump(label))
            instruction.delete()





The implementation first checks if the instruction is a conditional jump
and if both inputs are constant. Then the constants are compared using
the operator module. Finally a ppci.ir.Jump instruction is created.
This instruction is added to the block after the ppci.ir.CJump
instruction is removed.

First load the IR-module from file. To do this, first create an in memory
file with io.StringIO. Then load this file with ppci.irutils.Reader.

>>> import io
>>> f = io.StringIO("""
... module optimizable;
... global function i32 add(i32 z) {
...   entry: {
...     i32 x = 1;
...     i32 y = 2;
...     cjmp x < y ? a : b;
...   }
...   a: {
...     jmp c;
...   }
...   b: {
...     jmp c;
...   }
...   c: {
...     return x;
...   }
... }
... """)
>>> from ppci import irutils
>>> mod = irutils.Reader().read(f)
>>> print(mod)
module optimizable





Now run the optimizer pass:

>>> opt_pass = SimpleComparePass()
>>> opt_pass.run(mod)





Next delete all unreachable blocks to make sure the module is valid again:

>>> mod.functions[0].delete_unreachable()





Now print the optimized module:

>>> f2 = io.StringIO()
>>> irutils.Writer(f2).write(mod)
>>> print(f2.getvalue())
module optimizable;

global function i32 add(i32 z) {
  entry: {
    i32 x = 1;
    i32 y = 2;
    jmp a;
  }

  a: {
    jmp c;
  }

  c: {
    return x;
  }

}





This optimization is implemented in ppci.opt.cjmp.CJumpPass.







          

      

      

    

  

    
      
          
            
  
JITting


Warning

This section is a work in progress. It is outlined as to how things
should work, but it is not thorougly tested. Also, keep in mind
that C support is very premature. An alternative is C3.



This howto is about how to JIT (just-in-time-compile) code and use it from
Python. It can occur that at some point in time, you have some Python code
that becomes a performance bottleneck. At this point, you have multiple
options:


	Rewrite your code in C/Fortran/Rust/Go/Swift, compile it to machine code
with GCC or similar compiler and load it with SWIG/ctypes.


	Use PyPy, which contains a built-in JIT functionality. Usually the usage
of PyPy means more speed.


	Use a specialized JIT engine, like Numba.




In this HowTo we will implement our own specialized JIT engine, using PPCI
as a backend.

To do this, first we need some example code. Take the following function
as an example:

def x(a, b):
    return a + b + 13





This function does some magic calculations :)

>>> x(2, 3)
18






C-way

Now, after profiling we could potentially discover that this function is
a bottleneck. We may decide to rewrite it in C:

int x(int a, int b)
{
  return a + b + 13;
}





Having this function, we put this function in a Python string and compile it.

>>> from ppci import api
>>> import io
>>> src = io.StringIO("""
... int x(int a, int b) {
...   return a + b + 13;
... }""")
>>> arch = api.get_current_arch()
>>> obj = api.cc(src, arch, debug=True)
>>> obj  
CodeObject of ... bytes





Now that the object is compiled, we can load it into the current
Python process:

>>> from ppci.utils.codepage import load_obj
>>> m = load_obj(obj)
>>> dir(m)  
[..., 'x']
>>> m.x  
<CFunctionType object at ...>





Now, lets call the function:

>>> m.x(2, 3)
18








Python-way

Instead of translating our code to C, we can as well compile
Python code directly, by using type hints and a restricted subset of
the Python language. For this we can use the ppci.lang.python module:

>>> from ppci.lang.python import load_py
>>> f = io.StringIO("""
... def x(a: int, b: int) -> int:
...     return a + b + 13
... """)
>>> n = load_py(f)
>>> n.x(2, 3)
18





By doing this, we do not need to reimplement the function in C,
but only need to add some type hints to make it work. This might
be more preferable to C. Please note that integer arithmetic is
arbitrary-precision in Python, but witth the compiled code above,
large value will silently wrap around.

To easily compile some of your Python functions to native code,
use the ppci.lang.python.jit() decorator:

from ppci.lang.python import jit

@jit
def y(a: int, b: int) -> int:
    return a + b + 13





Now the function can be called as a normal function, JIT compilation
and calling native code is handled transparently:

>>> y(2, 3)
18








Calling Python functions from native code

In order to callback Python functions, we can do the following:

>>> def callback_func(x: int) -> None:
...     print('x=', x)
...
>>> f = io.StringIO("""
... def x(a: int, b: int) -> int:
...     func(a+3)
...     return a + b + 13
... """)
>>> o = load_py(f, imports={'func': callback_func})
>>> o.x(2, 3)
x= 5
18








Benchmarking and call overheads

To conclude this section, let’s benchmark the original function x with
which we started this section, and its JIT counterpart:

>>> import timeit
>>> timeit.timeit('x(2,3)', number=100000, globals={'x': x})
0.015114138000171806
>>> timeit.timeit('x(2,3)', number=100000, globals={'x': m.x})
0.07410199400010242





Turns out that the compiled code is actually slower. This is due to
the fact that for a trivial function like that, argument conversion and
call preparation overheads dominate the execution time. To see benefits
of native code execution, we would need to JIT functions which perform
many operations in a loop, e.g. while processing large arrays.


Warning

Before optimizing anything, run a profiler. Your
expectations about performance bottlenecks might be wrong!









          

      

      

    

  

    
      
          
            
  
Dealing with webassembly

In this tutorial we will see the possible ways to use web assembly.


Compiling wasm to native code

The first possible usage is to take a wasm module and compile it to
native code. The idea is to take wasm code and compile it to native code.

First lets create some wasm code by using wasmfiddle:

https://wasdk.github.io/WasmFiddle/

int main() {
  return 42;
}





The wasm output of this is:

(module
  (table 0 funcref)
  (memory $0 1)
  (export "memory" (memory $0))
  (export "main" (func $main))
  (func $main (result i32)
    (i32.const 42)
  )
)





Download this wasm file from wasm fiddle to your local drive. Now you
can compile it to for example native riscv code:

$ python -m ppci.cli.wasmcompile -v program.wasm -m riscv -O 2 -S
$ cat f.out
    .section data
    .section code
main:
    sw x1, -8(x2)
    sw x8, -12(x2)
    mv x8, x2
    addi x2, x2, -12
    addi x2, x2, 0
block1:
    addi x10, x0, 42
    j main_epilog
main_epilog:
    addi x2, x2, 0
    addi x2, x2, 12
    lw x8, -12(x2)
    lw x1, -8(x2)
    jalr x0,x1, 0
    .align 4





In this example we compiled C code with one compiler to wasm and took
this wasm and compiled it to riscv code using ppci.

Please see WebAssembly for the python api for using webassembly.







          

      

      

    

  

    
      
          
            
  
Code instrumentation

This is a howto on code instrumentation. Code instrumentation is the action
of adding extra code to your program. A good example is function call
tracing. With function call tracing, you can execute a custom action whenever
a function is entered. It is also fun and easy to enter infinite recursions
by doing so.

Lets demonstrate how this works with an example!

Say, we have a simple function, and would like to instrument this code.
So, first define a function in C, called my_add, and turn it into IR-code:

>>> import io
>>> from ppci import api
>>> source = """
... int my_add(int a, int b) { return a + b; }
... """
>>> arch = api.get_arch('arm')
>>> module = api.c_to_ir(io.StringIO(source), arch)
>>> api.optimize(module, level=2)
>>> module.display()
module main;

global function i32 my_add(i32 a, i32 b) {
  my_add_block0: {
    i32 tmp_3 = a + b;
    return tmp_3;
  }

}





Now comes the cool part, the addition of tracing functionality. Since we
have IR-code, we can add tracing to it. This means the tracing functionality
is target independent!

>>> from ppci.irutils.instrument import add_tracer
>>> add_tracer(module)
>>> module.display()
module main;

external procedure trace(ptr);

global function i32 my_add(i32 a, i32 b) {
  my_add_block0: {
    blob<7:1> func_name = literal '6d795f61646400';
    ptr name_ptr = &func_name;
    call trace(name_ptr);
    i32 tmp_3 = a + b;
    return tmp_3;
  }

}





Notice the extra code inserted! Now, we could turn this into machine code
like this:

>>> print(api.ir_to_assembly([module], arch))
       section data
       global trace
       type trace func
       section data
       section code
       global my_add
       type my_add func
 my_add:
       push LR, R11
       mov R11, SP
       push R5, R6
       mov R6, R1
       mov R5, R2
 my_add_block0:
       ldr R1, my_add_literal_1
       bl trace
       add R0, R6, R5
       b my_add_epilog
 my_add_epilog:
       pop R5, R6
       pop PC, R11
       ALIGN(4)
 my_add_literal_0:
       db 109
       db 121
       db 95
       db 97
       db 100
       db 100
       db 0
       ALIGN(4)
 my_add_literal_1:
       dcd =my_add_literal_0
       ALIGN(4)





Notice here as well the extra call to the trace function.
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Api

The ppci library provides provides an intuitive api to the compiler, assembler
and other tools.
For example to assemble, comp