

    
      
          
            
  
Welcome to the PyCpuSimulator documentation!


Note

The official Home Page of PyCpuSimulator is located at http://fabricesalvaire.github.io/PyCpuSimulator

If you are at http://readthedocs.org then you are reading the so called latest documentation.

The latest documentation [image: PyCpuSimulator@readthedocs-badge] [http://pyspice.readthedocs.org/en/latest] is automatically built from the
git repository after each commit.

As opposite the PyCpuSimulator Home Page [http://fabricesalvaire.github.io/PyCpuSimulator] is built manually and is thus less prone to errors.




Introduction




Installation

The procedure to install PyCpuSimulator is described in the Installation Manual.
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1. Installation


1.1. Dependencies

PyCpuSimulator requires the following dependencies:



	Python [http://python.org] 3






For development, you will need in addition:



	Sphinx [http://sphinx-doc.org]









1.2. Installation from PyPi Repository

PyCpuSimulator is made available on the PyPI [https://pypi.python.org/pypi] repository at https://pypi.python.org/pypi/PyCpuSimulator

Run this command to install the last release:

pip install PyCpuSimulator








1.3. Installation from Source

The PyCpuSimulator source code is hosted at https://github.com/FabriceSalvaire/PyCpuSimulator

To clone the Git repository, run this command in a terminal:

git clone git@github.com:FabriceSalvaire/PyCpuSimulator.git





Then to build and install PyCpuSimulator run these commands:

python setup.py build
python setup.py install











          

      

      

    

  

    
      
          
            
  
2. AVR Datasheet




This part contains a subtract of Atmel datasheets on AVR.


2.2. How to Extract Data from Atmel Datasheets

There is two possibilities to extract data from a datasheet, the first one is to copy manually the
text using a PDF viewer, and the second one is to dump the PDF text content using a tool like
pdftotext.  And then use a mixture of scripts and a powerful editor to cleanup and reformat the
text, a spreadsheet like Libre Office can help to deal with tables using a CSV file.




2.3. AVR Registers


2.3.1. SREG – AVR Status Register

The AVR Status Register – SREG – is defined as:















	Bit
	7
	6
	5
	4
	3
	2
	1
	0
	 


	0x3F (0x5F)
	I
	T
	H
	S
	V
	N
	Z
	C
	SREG


	Read/Write
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	 


	Initial Value
	0
	0
	0
	0
	0
	0
	0
	0
	 






	Bit 7 – I: Global Interrupt Enable

	The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual
interrupt enable control is then performed in separate control registers. If the Global Interrupt
Enable Register is cleared, none of the inter- rupts are enabled independent of the individual
interrupt enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and
is set by the RETI instruction to enable subsequent interrupts. The I-bit can also be set and
cleared by the application with the SEI and CLI instructions.

	Bit 6 – T: Bit Copy Storage

	The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or
destination for the oper- ated bit. A bit from a register in the Register File can be copied into
T by the BST instruction, and a bit in T can be copied into a bit in a register in the Register
File by the BLD instruction.

	Bit 5 – H: Half Carry Flag

	The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry Is useful
in BCD arithmetic.

	Bit 4 – S: Sign Bit, S = N ⊕ V

	The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement Overflow
Flag V.

	Bit 3 – V: Two’s Complement Overflow Flag

	The Two’s Complement Overflow Flag V supports two’s complement arithmetics.

	Bit 2 – N: Negative Flag

	The Negative Flag N indicates a negative result in an arithmetic or logic operation.

	Bit 1 – Z: Zero Flag

	The Zero Flag Z indicates a zero result in an arithmetic or logic operation.

	Bit 0 – C: Carry Flag

	The Carry Flag C indicates a carry in an arithmetic or logic operation.






2.3.2. General Purpose Register File

The AVR has 32 8-bit general purpose registers which are mapped at the beginning of the SRAM memory
space.

The last registers (R26-R31) can be grouped by two to form three 16-bit registers called X, Y and Z.








	Name
	Addr.
	 


	R0
	0x00
	 


	R1
	0x01
	 


	R2
	0x02
	 


	...
	 
	 


	R13
	0x0D
	 


	R14
	0x0E
	 


	R15
	0x0F
	 


	R16
	0x10
	 


	R17
	0x11
	 


	...
	 
	 


	R26
	0x1A
	X-register Low Byte


	R27
	0x1B
	X-register High Byte


	R28
	0x1C
	Y-register Low Byte


	R29
	0x1D
	Y-register High Byte


	R30
	0x1E
	Z-register Low Byte


	R31
	0x1F
	Z-register High Byte








2.3.3. Stack Pointer

The AVR Stack Pointer is implemented as two 8-bit registers in the I/O space. The number of bits actually used is
implementation dependent. Note that the data space in some implementations of the AVR architecture is so small
that only SPL is needed. In this case, the SPH Register will not be present.















	Bit
	15
	14
	13
	12
	11
	10
	9
	8
	 


	0x3E (0x5E)
	SP15
	SP14
	SP13
	SP12
	SP11
	SP10
	SP9
	SP8
	SPH


	0x3D (0x5D)
	SP7
	SP6
	SP5
	SP4
	SP3
	SP2
	SP1
	SP0
	SPL


	Bit
	7
	6
	5
	4
	3
	2
	1
	0
	 


	Read/Write
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	 


	...
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	 


	Initial Value
	0
	0
	1
	0
	0
	0
	0
	1
	 


	...
	1
	1
	1
	1
	1
	1
	1
	1
	 








2.3.4. RAMPZ – Extended Z-pointer Register for ELPM/SPM















	Bit
	7
	6
	5
	4
	3
	2
	1
	0
	 


	0x3B (0x5B)
	RAMPZ7
	RAMPZ6
	RAMPZ5
	RAMPZ4
	RAMPZ3
	RAMPZ2
	RAMPZ1
	RAMPZ0
	RAMPZ


	Read/Write
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	 


	Initial Value
	0
	0
	0
	0
	0
	0
	0
	0
	 





For ELPM/SPM instructions, the Z-pointer is a concatenation of RAMPZ, ZH, and ZL. Note that LPM is
not affected by the RAMPZ setting.

The Z-pointer used by ELPM and SPM:









	Bit
	7-0
	7-0
	7-0


	(Individually)
	RAMPZ
	ZH
	ZL


	Bit (Z-pointer)
	23-16
	15-8
	7-0





The actual number of bits is implementation dependent. Unused bits in an implementation will always
read as zero.  For compatibility with future devices, be sure to write these bits to zero.




2.3.5. EIND – Extended Indirect Register















	Bit
	7
	6
	5
	4
	3
	2
	1
	0
	 


	0x3C (0x5C)
	EIND7
	EIND6
	EIND5
	EIND4
	EIND3
	EIND2
	EIND1
	EIND0
	EIND


	Read/Write
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	R/W
	 


	Initial Value
	0
	0
	0
	0
	0
	0
	0
	0
	 





For EICALL/EIJMP instructions, the Indirect-pointer to the subroutine/routine is a concatenation of
EIND, ZH, and ZL. Note that ICALL and IJMP are not affected by the EIND setting.

The Indirect-pointer used by EICALL and EIJMP:









	Bit
	7-0
	7-0
	7-0


	(Individually)
	EIND
	ZH
	ZL


	Bit (Indirect-pointer)
	23-16
	15-8
	7-0





The actual number of bits is implementation dependent. Unused bits in an implementation will always
read as zero.  For compatibility with future devices, be sure to write these bits to zero.






2.4. AVR Memories

The program is stored in the Flash memory and the volatile data in the SRAM.

The structure of the SRAM memory space for devices having a large numbers of peripheral units like
the ATmega640/1280/1281/2560/2561 is the following:









	Addr.
	 
	Name
	 


	0x00
	0x1F
	Register File
	32 General Purpose Registers


	0x20
	0x5F
	I/O Memory
	64 I/O accessible the using IN and OUT instructions


	0x60
	0x1FF
	Extended I/O Memory
	416 I/O accessible using the ST/STS/STD and LD/LDS/LDD instructions


	0x200
	0x21FF
	Internal SRAM
	8192 x 8-bit located after the 512 reserved bytes


	0x2200
	0xFFFF
	External SRAM
	 








2.5. Register Summary


	ATmega640/1280/1281/2560/2561 Register Summary






2.6. Instructions

32-bit Instructions:








	Name
	Opcode
	Mask


	CALL
	0x940e
	0xfe0e


	JMP
	0x940c
	0xfe0e


	LDS
	0x9000
	0xfe0f


	STS
	0x9200
	0xfe0f





Instructions without operand:







	BREAK
	0x9598


	CLC
	0x9488


	CLH
	0x94d8


	CLI
	0x94f8


	CLN
	0x94a8


	CLS
	0x94c8


	CLT
	0x94e8


	CLV
	0x94b8


	CLZ
	0x9498


	EICALL
	0x9519


	EIJMP
	0x9419


	ELPM
	0x95d8


	ICALL
	0x9509


	IJMP
	0x9409


	LPM
	0x95c8


	NOP
	0x0000


	RET
	0x9508


	RETI
	0x9518


	SEC
	0x9408


	SEH
	0x9458


	SEI
	0x9478


	SEN
	0x9428


	SES
	0x9448


	SET
	0x9468


	SEV
	0x9438


	SEZ
	0x9418


	SEZ
	0x9588


	SLEEP
	0x9588


	SPM
	0x95e8


	SPM
	0x95f8


	WDR
	0x95a8





Operand patterns:







	Pattern
	Count


	_2q1_1q2_1d5_1q3
	2


	_2q1_1q2_1r5_1q3
	2


	_4K4d4K4
	7


	_4k12
	2


	_5A2d5A4
	1


	_5A2r5A4
	1


	_5k3d4k4
	2


	_6d10
	4


	_6k7_3
	18


	_6k7s3
	2


	_6r1d5r4
	12


	_7d5_1b3
	2


	_7d5_4
	25


	_7k5_3k1
	2


	_7r5_1b3
	2


	_7r5_4
	13


	_8A5b3
	4


	_8K2d2K4
	2


	_8K4_4
	1


	_8d4_4
	1


	_8d4r4
	2


	_9d3_1r3
	4


	_9s3_4
	2











          

      

      

    

  

    
      
          
            
  
2.1. ATmega640/1280/1281/2560/2561 Register Summary


	Baud:

	Baud Rate

	Comp:

	Compare

	H:

	High

	In:

	Input

	L:

	Low

	Out:

	Output

	Serial:

	Serial Interface

	T/C:

	Timer/Counter


















	Ad.
	Name
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0
	Page




	1FF
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	...
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	137
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	136
	UDR3
	USART3 I/O Data
	 
	 
	 
	 
	 
	 
	 
	p218


	135
	UBRR3H
	 
	 
	 
	 
	USART3 Baud H
	 
	 
	 
	p222


	134
	UBRR3L
	USART3 Baud L
	 
	 
	 
	 
	 
	 
	 
	p222


	133
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	132
	UCSR3C
	UMSEL31
	UMSEL30
	UPM31
	UPM30
	USBS3
	UCSZ31
	UCSZ30
	UCPOL3
	p235


	131
	UCSR3B
	RXCIE3
	TXCIE3
	UDRIE3
	RXEN3
	TXEN3
	UCSZ32
	RXB83
	TXB83
	p234


	130
	UCSR3A
	RXC3
	TXC3
	UDRE3
	FE3
	DOR3
	UPE3
	U2X3
	MPCM3
	p233


	12F
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	12E
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	12D
	OCR5CH
	T/C5 - Out Comp C H
	 
	 
	 
	 
	 
	 
	 
	p160


	12C
	OCR5CL
	T/C5 - Out Comp C L
	 
	 
	 
	 
	 
	 
	 
	p160


	12B
	OCR5BH
	T/C5 - Out Comp B H
	 
	 
	 
	 
	 
	 
	 
	p160


	12A
	OCR5BL
	T/C5 - Out Comp B L
	 
	 
	 
	 
	 
	 
	 
	p160


	129
	OCR5AH
	T/C5 - Out Comp A H
	 
	 
	 
	 
	 
	 
	 
	p160


	128
	OCR5AL
	T/C5 - Out Comp A L
	 
	 
	 
	 
	 
	 
	 
	p160


	127
	ICR5H
	T/C5 - In Capture H
	 
	 
	 
	 
	 
	 
	 
	p161


	126
	ICR5L
	T/C5 - In Capture L
	 
	 
	 
	 
	 
	 
	 
	p161


	125
	TCNT5H
	T/C5 - Counter H
	 
	 
	 
	 
	 
	 
	 
	p158


	124
	TCNT5L
	T/C5 - Counter L
	 
	 
	 
	 
	 
	 
	 
	p158


	123
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	122
	TCCR5C
	FOC5A
	FOC5B
	FOC5C
	 
	 
	 
	 
	 
	p157


	121
	TCCR5B
	ICNC5
	ICES5
	 
	WGM53
	WGM52
	CS52
	CS51
	CS50
	p156


	120
	TCCR5A
	COM5A1
	COM5A0
	COM5B1
	COM5B0
	COM5C1
	COM5C0
	WGM51
	WGM50
	p154


	11F
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	...
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	10C
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	10B
	PORTL
	PORTL7
	PORTL6
	PORTL5
	PORTL4
	PORTL3
	PORTL2
	PORTL1
	PORTL0
	p100


	10A
	DDRL
	DDL7
	DDL6
	DDL5
	DDL4
	DDL3
	DDL2
	DDL1
	DDL0
	p100


	109
	PINL
	PINL7
	PINL6
	PINL5
	PINL4
	PINL3
	PINL2
	PINL1
	PINL0
	p100


	108
	PORTK
	PORTK7
	PORTK6
	PORTK5
	PORTK4
	PORTK3
	PORTK2
	PORTK1
	PORTK0
	p99


	107
	DDRK
	DDK7
	DDK6
	DDK5
	DDK4
	DDK3
	DDK2
	DDK1
	DDK0
	p99


	106
	PINK
	PINK7
	PINK6
	PINK5
	PINK4
	PINK3
	PINK2
	PINK1
	PINK0
	p99


	105
	PORTJ
	PORTJ7
	PORTJ6
	PORTJ5
	PORTJ4
	PORTJ3
	PORTJ2
	PORTJ1
	PORTJ0
	p99


	104
	DDRJ
	DDJ7
	DDJ6
	DDJ5
	DDJ4
	DDJ3
	DDJ2
	DDJ1
	DDJ0
	p99


	103
	PINJ
	PINJ7
	PINJ6
	PINJ5
	PINJ4
	PINJ3
	PINJ2
	PINJ1
	PINJ0
	p99


	102
	PORTH
	PORTH7
	PORTH6
	PORTH5
	PORTH4
	PORTH3
	PORTH2
	PORTH1
	PORTH0
	p98


	101
	DDRH
	DDH7
	DDH6
	DDH5
	DDH4
	DDH3
	DDH2
	DDH1
	DDH0
	p99


	100
	PINH
	PINH7
	PINH6
	PINH5
	PINH4
	PINH3
	PINH2
	PINH1
	PINH0
	p99


	FF
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	...
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	D7
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	D6
	UDR2
	USART2 I/O Data
	 
	 
	 
	 
	 
	 
	 
	p218


	D5
	UBRR2H
	 
	 
	 
	 
	USART2 Baud H
	 
	 
	 
	p222


	D4
	UBRR2L
	USART2 Baud L
	 
	 
	 
	 
	 
	 
	 
	p222


	D3
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	D2
	UCSR2C
	UMSEL21
	UMSEL20
	UPM21
	UPM20
	USBS2
	UCSZ21
	UCSZ20
	UCPOL2
	p235


	D1
	UCSR2B
	RXCIE2
	TXCIE2
	UDRIE2
	RXEN2
	TXEN2
	UCSZ22
	RXB82
	TXB82
	p234


	D0
	UCSR2A
	RXC2
	TXC2
	UDRE2
	FE2
	DOR2
	UPE2
	U2X2
	MPCM2
	p233


	CF
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	CE
	UDR1
	USART1 I/O Data
	 
	 
	 
	 
	 
	 
	 
	p218


	CD
	UBRR1H
	 
	 
	 
	 
	USART1 Baud H
	 
	 
	 
	p222


	CC
	UBRR1L
	USART1 Baud L
	 
	 
	 
	 
	 
	 
	 
	p222


	CB
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	CA
	UCSR1C
	UMSEL11
	UMSEL10
	UPM11
	UPM10
	USBS1
	UCSZ11
	UCSZ10
	UCPOL1
	p235


	C9
	UCSR1B
	RXCIE1
	TXCIE1
	UDRIE1
	RXEN1
	TXEN1
	UCSZ12
	RXB81
	TXB81
	p234


	C8
	UCSR1A
	RXC1
	TXC1
	UDRE1
	FE1
	DOR1
	UPE1
	U2X1
	MPCM1
	p233


	C7
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	C6
	UDR0
	USART0 I/O Data
	 
	 
	 
	 
	 
	 
	 
	p218


	C5
	UBRR0H
	 
	 
	 
	 
	USART0 Baud H
	 
	 
	 
	p222


	C4
	UBRR0L
	USART0 Baud L
	 
	 
	 
	 
	 
	 
	 
	p222


	C3
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	C2
	UCSR0C
	UMSEL01
	UMSEL00
	UPM01
	UPM00
	USBS0
	UCSZ01
	UCSZ00
	UCPOL0
	p235


	C1
	UCSR0B
	RXCIE0
	TXCIE0
	UDRIE0
	RXEN0
	TXEN0
	UCSZ02
	RXB80
	TXB80
	p234


	C0
	UCSR0A
	RXC0
	TXC0
	UDRE0
	FE0
	DOR0
	UPE0
	U2X0
	MPCM0
	p234


	BF
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	BE
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	BD
	TWAMR
	TWAM6
	TWAM5
	TWAM4
	TWAM3
	TWAM2
	TWAM1
	TWAM0
	 
	p264


	BC
	TWCR
	TWINT
	TWEA
	TWSTA
	TWSTO
	TWWC
	TWEN
	 
	TWIE
	p261


	BB
	TWDR
	2-wire Serial Data
	 
	 
	 
	 
	 
	 
	 
	p263


	BA
	TWAR
	TWA6
	TWA5
	TWA4
	TWA3
	TWA2
	TWA1
	TWA0
	TWGCE
	p263


	B9
	TWSR
	TWS7
	TWS6
	TWS5
	TWS4
	TWS3
	 
	TWPS1
	TWPS0
	p262


	B8
	TWBR
	2-wire Serial Bit Rate
	 
	 
	 
	 
	 
	 
	 
	p261


	B7
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	B6
	ASSR
	 
	EXCLK
	AS2
	TCN2UB
	OCR2AUB
	OCR2BUB
	TCR2AUB
	TCR2BUB
	p179


	B5
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	B4
	OCR2B
	T/C2 Out Comp B
	 
	 
	 
	 
	 
	 
	 
	p186


	B3
	OCR2A
	T/C2 Out Comp A
	 
	 
	 
	 
	 
	 
	 
	p186


	B2
	TCNT2
	T/C2 (8 Bit
	 
	 
	 
	 
	 
	 
	 
	p186


	B1
	TCCR2B
	FOC2A
	FOC2B
	 
	 
	WGM22
	CS22
	CS21
	CS20
	p185


	B0
	TCCR2A
	COM2A1
	COM2A0
	COM2B1
	COM2B0
	 
	 
	WGM21
	WGM20
	p186


	AF
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	AE
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	AD
	OCR4CH
	T/C4 - Out Comp C H
	 
	 
	 
	 
	 
	 
	 
	p160


	AC
	OCR4CL
	T/C4 - Out Comp C L
	 
	 
	 
	 
	 
	 
	 
	p160


	AB
	OCR4BH
	T/C4 - Out Comp B H
	 
	 
	 
	 
	 
	 
	 
	p160


	AA
	OCR4BL
	T/C4 - Out Comp B L
	 
	 
	 
	 
	 
	 
	 
	p160


	A9
	OCR4AH
	T/C4 - Out Comp A H
	 
	 
	 
	 
	 
	 
	 
	p159


	A8
	OCR4AL
	T/C4 - Out Comp A L
	 
	 
	 
	 
	 
	 
	 
	p159


	A7
	ICR4H
	T/C4 - In Capture H
	 
	 
	 
	 
	 
	 
	 
	p161


	A6
	ICR4L
	T/C4 - In Capture L
	 
	 
	 
	 
	 
	 
	 
	p161


	A5
	TCNT4H
	T/C4 - Counter H
	 
	 
	 
	 
	 
	 
	 
	p158


	A4
	TCNT4L
	T/C4 - Counter L
	 
	 
	 
	 
	 
	 
	 
	p158


	A3
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	A2
	TCCR4C
	FOC4A
	FOC4B
	FOC4C
	 
	 
	 
	 
	 
	p157


	A1
	TCCR4B
	ICNC4
	ICES4
	 
	WGM43
	WGM42
	CS42
	CS41
	CS40
	p156


	A0
	TCCR4A
	COM4A1
	COM4A0
	COM4B1
	COM4B0
	COM4C1
	COM4C0
	WGM41
	WGM40
	p154


	9F
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	9E
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	9D
	OCR3CH
	T/C3 - Out Comp C H
	 
	 
	 
	 
	 
	 
	 
	p159


	9C
	OCR3CL
	T/C3 - Out Comp C L
	 
	 
	 
	 
	 
	 
	 
	p159


	9B
	OCR3BH
	T/C3 - Out Comp B H
	 
	 
	 
	 
	 
	 
	 
	p159


	9A
	OCR3BL
	T/C3 - Out Comp B L
	 
	 
	 
	 
	 
	 
	 
	p159


	99
	OCR3AH
	T/C3 - Out Comp A H
	 
	 
	 
	 
	 
	 
	 
	p159


	98
	OCR3AL
	T/C3 - Out Comp A L
	 
	 
	 
	 
	 
	 
	 
	p159


	97
	ICR3H
	T/C3 - In Capture H
	 
	 
	 
	 
	 
	 
	 
	p161


	96
	ICR3L
	T/C3 - In Capture L
	 
	 
	 
	 
	 
	 
	 
	p161


	95
	TCNT3H
	T/C3 - Counter H
	 
	 
	 
	 
	 
	 
	 
	p158


	94
	TCNT3L
	T/C3 - Counter L
	 
	 
	 
	 
	 
	 
	 
	p158


	93
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	92
	TCCR3C
	FOC3A
	FOC3B
	FOC3C
	 
	 
	 
	 
	 
	p157


	91
	TCCR3B
	ICNC3
	ICES3
	 
	WGM33
	WGM32
	CS32
	CS31
	CS30
	p156


	90
	TCCR3A
	COM3A1
	COM3A0
	COM3B1
	COM3B0
	COM3C1
	COM3C0
	WGM31
	WGM30
	p154


	8F
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	8E
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	8D
	OCR1CH
	T/C1 - Out Comp C H
	 
	 
	 
	 
	 
	 
	 
	p159


	8C
	OCR1CL
	T/C1 - Out Comp C L
	 
	 
	 
	 
	 
	 
	 
	p159


	8B
	OCR1BH
	T/C1 - Out Comp B H
	 
	 
	 
	 
	 
	 
	 
	p159


	8A
	OCR1BL
	T/C1 - Out Comp B L
	 
	 
	 
	 
	 
	 
	 
	p159


	89
	OCR1AH
	T/C1 - Out Comp A H
	 
	 
	 
	 
	 
	 
	 
	p159


	88
	OCR1AL
	T/C1 - Out Comp A L
	 
	 
	 
	 
	 
	 
	 
	p159


	87
	ICR1H
	T/C1 - In Capture H
	 
	 
	 
	 
	 
	 
	 
	p160


	86
	ICR1L
	T/C1 - In Capture L
	 
	 
	 
	 
	 
	 
	 
	p160


	85
	TCNT1H
	T/C1 - Counter H
	 
	 
	 
	 
	 
	 
	 
	p158


	84
	TCNT1L
	T/C1 - Counter L
	 
	 
	 
	 
	 
	 
	 
	p158


	83
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	82
	TCCR1C
	FOC1A
	FOC1B
	FOC1C
	 
	 
	 
	 
	 
	p157


	81
	TCCR1B
	ICNC1
	ICES1
	 
	WGM13
	WGM12
	CS12
	CS11
	CS10
	p156


	80
	TCCR1A
	COM1A1
	COM1A0
	COM1B1
	COM1B0
	COM1C1
	COM1C0
	WGM11
	WGM10
	p154


	7F
	DIDR1
	 
	 
	 
	 
	 
	 
	AIN1D
	AIN0D
	p267


	7E
	DIDR0
	ADC7D
	ADC6D
	ADC5D
	ADC4D
	ADC3D
	ADC2D
	ADC1D
	ADC0D
	p287


	7D
	DIDR2
	ADC15D
	ADC14D
	ADC13D
	ADC12D
	ADC11D
	ADC10D
	ADC9D
	ADC8D
	p288


	7C
	ADMUX
	REFS1
	REFS0
	ADLAR
	MUX4
	MUX3
	MUX2
	MUX1
	MUX0
	p281


	7B
	ADCSRB
	 
	ACME
	 
	 
	MUX5
	ADTS2
	ADTS1
	ADTS0
	p266,  282,  287


	7A
	ADCSRA
	ADEN
	ADSC
	ADATE
	ADIF
	ADIE
	ADPS2
	ADPS1
	ADPS0
	p285


	79
	ADCH
	ADC Data H byte
	 
	 
	 
	 
	 
	 
	 
	p286


	78
	ADCL
	ADC Data L byte
	 
	 
	 
	 
	 
	 
	 
	p286


	77
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	76
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	75
	XMCRB
	XMBK
	 
	 
	 
	 
	XMM2
	XMM1
	XMM0
	p38


	74
	XMCRA
	SRE
	SRL2
	SRL1
	SRL0
	SRW11
	SRW10
	SRW01
	SRW00
	p36


	73
	TIMSK5
	 
	 
	ICIE5
	 
	OCIE5C
	OCIE5B
	OCIE5A
	TOIE5
	p162


	72
	TIMSK4
	 
	 
	ICIE4
	 
	OCIE4C
	OCIE4B
	OCIE4A
	TOIE4
	p161


	71
	TIMSK3
	 
	 
	ICIE3
	 
	OCIE3C
	OCIE3B
	OCIE3A
	TOIE3
	p161


	70
	TIMSK2
	 
	 
	 
	 
	 
	OCIE2B
	OCIE2A
	TOIE2
	p188


	6F
	TIMSK1
	 
	 
	ICIE1
	 
	OCIE1C
	OCIE1B
	OCIE1A
	TOIE1
	p161


	6E
	TIMSK0
	 
	 
	 
	 
	 
	OCIE0B
	OCIE0A
	TOIE0
	p131


	6D
	PCMSK2
	PCINT23
	PCINT22
	PCINT21
	PCINT20
	PCINT19
	PCINT18
	PCINT17
	PCINT16
	p113


	6C
	PCMSK1
	PCINT15
	PCINT14
	PCINT13
	PCINT12
	PCINT11
	PCINT10
	PCINT9
	PCINT8
	p113


	6B
	PCMSK0
	PCINT7
	PCINT6
	PCINT5
	PCINT4
	PCINT3
	PCINT2
	PCINT1
	PCINT0
	p114


	6A
	EICRB
	ISC71
	ISC70
	ISC61
	ISC60
	ISC51
	ISC50
	ISC41
	ISC40
	p110


	69
	EICRA
	ISC31
	ISC30
	ISC21
	ISC20
	ISC11
	ISC10
	ISC01
	ISC00
	p110


	68
	PCICR
	 
	 
	 
	 
	 
	PCIE2
	PCIE1
	PCIE0
	p112


	67
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	66
	OSCCAL
	Oscillator Calibration
	 
	 
	 
	 
	 
	 
	 
	p48


	65
	PRR1
	 
	 
	PRTIM5
	PRTIM4
	PRTIM3
	PRUSART3
	PRUSART2
	PRUSART1
	p56


	64
	PRR0
	PRTWI
	PRTIM2
	PRTIM0
	 
	PRTIM1
	PRSPI
	PRUSART0
	PRADC
	p55


	63
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	62
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	61
	CLKPR
	CLKPCE
	 
	 
	 
	CLKPS3
	CLKPS2
	CLKPS1
	CLKPS0
	p48


	60
	WDTCSR
	WDIF
	WDIE
	WDP3
	WDCE
	WDE
	WDP2
	WDP1
	WDP0
	p65


	5F
	SREG
	I
	T
	H
	S
	V
	N
	Z
	C
	p13


	5E
	SPH
	SP15
	SP14
	SP13
	SP12
	SP11
	SP10
	SP9
	SP8
	p15


	5D
	SPL
	SP7
	SP6
	SP5
	SP4
	SP3
	SP2
	SP1
	SP0
	p15


	5C
	EIND
	 
	 
	 
	 
	 
	 
	 
	EIND0
	p16


	5B
	RAMPZ
	 
	 
	 
	 
	 
	 
	RAMPZ1
	RAMPZ0
	p16


	5A
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	59
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	58
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	57
	SPMCSR
	SPMIE
	RWWSB
	SIGRD
	RWWSRE
	BLBSET
	PGWRT
	PGERS
	SPMEN
	p323


	56
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	55
	MCUCR
	JTD
	 
	 
	PUD
	 
	 
	IVSEL
	IVCE
	p64,  108,  96,  301


	54
	MCUSR
	 
	 
	 
	JTRF
	WDRF
	BORF
	EXTRF
	PORF
	p301


	53
	SMCR
	 
	 
	 
	 
	SM2
	SM1
	SM0
	SE
	p50


	52
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	51
	OCDR
	OCDR7
	OCDR6
	OCDR5
	OCDR4
	OCDR3
	OCDR2
	OCDR1
	OCDR0
	p294


	50
	ACSR
	ACD
	ACBG
	ACO
	ACI
	ACIE
	ACIC
	ACIS1
	ACIS0
	p266


	4F
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	4E
	SPDR
	SPI Data
	 
	 
	 
	 
	 
	 
	 
	p199


	4D
	SPSR
	SPIF
	WCOL
	 
	 
	 
	 
	 
	SPI2X
	p198


	4C
	SPCR
	SPIE
	SPE
	DORD
	MSTR
	CPOL
	CPHA
	SPR1
	SPR0
	p197


	4B
	GPIOR2
	General Purpose I/O 2
	 
	 
	 
	 
	 
	 
	 
	p36


	4A
	GPIOR1
	General Purpose I/O 1
	 
	 
	 
	 
	 
	 
	 
	p36


	49
	Reserved
	 
	 
	 
	 
	 
	 
	 
	 
	 


	48
	OCR0B
	T/C0 Out Comp B
	 
	 
	 
	 
	 
	 
	 
	p130


	47
	OCR0A
	T/C0 Out Comp A
	 
	 
	 
	 
	 
	 
	 
	p130


	46
	TCNT0
	T/C0 (8 Bit
	 
	 
	 
	 
	 
	 
	 
	p130


	45
	TCCR0B
	FOC0A
	FOC0B
	 
	 
	WGM02
	CS02
	CS01
	CS00
	p129


	44
	TCCR0A
	COM0A1
	COM0A0
	COM0B1
	COM0B0
	 
	 
	WGM01
	WGM00
	p126


	43
	GTCCR
	TSM
	 
	 
	 
	 
	 
	PSRASY
	PSRSYNC
	p166,  189


	42
	EEARH
	 
	 
	 
	 
	EEPROM Address H
	 
	 
	 
	p34


	41
	EEARL
	EEPROM Address L
	 
	 
	 
	 
	 
	 
	 
	p34


	40
	EEDR
	EEPROM Data
	 
	 
	 
	 
	 
	 
	 
	p34


	3F
	EECR
	 
	 
	EEPM1
	EEPM0
	EERIE
	EEMPE
	EEPE
	EERE
	p34


	3E
	GPIOR0
	General Purpose I/O 0
	 
	 
	 
	 
	 
	 
	 
	p36


	3D
	EIMSK
	INT7
	INT6
	INT5
	INT4
	INT3
	INT2
	INT1
	INT0
	p111


	3C
	EIFR
	INTF7
	INTF6
	INTF5
	INTF4
	INTF3
	INTF2
	INTF1
	INTF0
	p112


	3B
	PCIFR
	 
	 
	 
	 
	 
	PCIF2
	PCIF1
	PCIF0
	p113


	3A
	TIFR5
	 
	 
	ICF5
	 
	OCF5C
	OCF5B
	OCF5A
	TOV5
	p162


	39
	TIFR4
	 
	 
	ICF4
	 
	OCF4C
	OCF4B
	OCF4A
	TOV4
	p162


	38
	TIFR3
	 
	 
	ICF3
	 
	OCF3C
	OCF3B
	OCF3A
	TOV3
	p162


	37
	TIFR2
	 
	 
	 
	 
	 
	OCF2B
	OCF2A
	TOV2
	p188


	36
	TIFR1
	 
	 
	ICF1
	 
	OCF1C
	OCF1B
	OCF1A
	TOV1
	p162


	35
	TIFR0
	 
	 
	 
	 
	 
	OCF0B
	OCF0A
	TOV0
	p131


	34
	PORTG
	 
	 
	PORTG5
	PORTG4
	PORTG3
	PORTG2
	PORTG1
	PORTG0
	p98


	33
	DDRG
	 
	 
	DDG5
	DDG4
	DDG3
	DDG2
	DDG1
	DDG0
	p98


	32
	PING
	 
	 
	PING5
	PING4
	PING3
	PING2
	PING1
	PING0
	p98


	31
	PORTF
	PORTF7
	PORTF6
	PORTF5
	PORTF4
	PORTF3
	PORTF2
	PORTF1
	PORTF0
	p97


	30
	DDRF
	DDF7
	DDF6
	DDF5
	DDF4
	DDF3
	DDF2
	DDF1
	DDF0
	p98


	2F
	PINF
	PINF7
	PINF6
	PINF5
	PINF4
	PINF3
	PINF2
	PINF1
	PINF0
	p98


	2E
	PORTE
	PORTE7
	PORTE6
	PORTE5
	PORTE4
	PORTE3
	PORTE2
	PORTE1
	PORTE0
	p97


	2D
	DDRE
	DDE7
	DDE6
	DDE5
	DDE4
	DDE3
	DDE2
	DDE1
	DDE0
	p97


	2C
	PINE
	PINE7
	PINE6
	PINE5
	PINE4
	PINE3
	PINE2
	PINE1
	PINE0
	p98


	2B
	PORTD
	PORTD7
	PORTD6
	PORTD5
	PORTD4
	PORTD3
	PORTD2
	PORTD1
	PORTD0
	p97


	2A
	DDRD
	DDD7
	DDD6
	DDD5
	DDD4
	DDD3
	DDD2
	DDD1
	DDD0
	p97


	29
	PIND
	PIND7
	PIND6
	PIND5
	PIND4
	PIND3
	PIND2
	PIND1
	PIND0
	p97


	28
	PORTC
	PORTC7
	PORTC6
	PORTC5
	PORTC4
	PORTC3
	PORTC2
	PORTC1
	PORTC0
	p97


	27
	DDRC
	DDC7
	DDC6
	DDC5
	DDC4
	DDC3
	DDC2
	DDC1
	DDC0
	p97


	26
	PINC
	PINC7
	PINC6
	PINC5
	PINC4
	PINC3
	PINC2
	PINC1
	PINC0
	p97


	25
	PORTB
	PORTB7
	PORTB6
	PORTB5
	PORTB4
	PORTB3
	PORTB2
	PORTB1
	PORTB0
	p96


	24
	DDRB
	DDB7
	DDB6
	DDB5
	DDB4
	DDB3
	DDB2
	DDB1
	DDB0
	p96


	23
	PINB
	PINB7
	PINB6
	PINB5
	PINB4
	PINB3
	PINB2
	PINB1
	PINB0
	p96


	22
	PORTA
	PORTA7
	PORTA6
	PORTA5
	PORTA4
	PORTA3
	PORTA2
	PORTA1
	PORTA0
	p96


	21
	DDRA
	DDA7
	DDA6
	DDA5
	DDA4
	DDA3
	DDA2
	DDA1
	DDA0
	p96










          

      

      

    

  

    
      
          
            
  
3. Micro Code Language

Name: [a-zA-Z_][a-zA-Z_0-9]*

Number:


	binary:     0b(0|1)+

	decimal:    0o[0-7]+

	hexdecimal: 0x[0-9a-fA-F]+

	decimal:    d+



BNF Grammar:

empty :

program : statement
        | program statement
        | empty

statement : expression_statement
          | compound_statement
          | if_statement

expression_statement : assignation ;
                     | function ;
                     | ;

statement_list : statement
               | statement_list statement

compound_statement : { statement_list }
                   | { }

if_statement : IF ( expression ) statement
             | IF ( expression ) statement ELSE statement

expression_list : expression
                | expression_list , expression

function : NAME ( expression_list )
         | NAME ( )

assignation : destination = expression

destination : register
            | register_concatenation
            | register_bit
            | register_bit_range
            | addressing

constant : DECIMAL_NUMBER
         | BINARY_NUMBER
         | OCTAL_NUMBER
         | HEX_NUMBER

register : NAME

register(_operand) : @ NAME

constant(_operand) : $ NAME

register_concatenation : register : register

register_bit : register [ expression ]

register_bit_range : register [ constant .. constant ]

addressing : [ expression ]

expression : register
           | register_concatenation
           | register_bit
           | register_bit_range
           | addressing
           | constant

expression : expression + expression
           | expression - expression
           | expression * expression
           | expression / expression
           | expression & expression
           | expression | expression
           | expression > expression
           | expression << expression
           | expression >> expression
           | expression == expression
           | expression != expression
           | expression < expression
           | expression > expression
           | expression <= expression
           | expression >= expression





Examples:

# increment register Y
Y = Y + 1

# add register operand d with constant operand k (d and k are relative to the instruction)
@d = @d + $k









          

      

      

    

  

    
      
          
            
  
4. Instruction Set YAML Format

Example:

 ADC:
   description: Add with Carry
   alternate: Add with Carry two Registers
   operations:
     -
       opcode: 0001 11rd dddd rrrr
       operands: [Rd, Rr]
       operation:
         R = Rd + Rr + C
         H = Rd3•Rr3 + (Rd3 + Rr3)•¬R3
         C = Rd7•Rr7 + (Rd7 + Rr7)•¬R7
         V = Rd7•Rr7•¬R7 + ¬Rd7•¬Rr7•R7
         N = R7
         Z = R == 0
         S = N ⊗ V
         Rd = R
       flags: [Z, C, N, V, H]
       cycles: 1

AND:
  description: Logical AND
  alternate: Logical AND Registers
  operations:
    -
      opcode: 0010 00rd dddd rrrr
      operands: [Rd, Rr]
      operation: Rd = Rd & Rr
      flags: [Z, N, V]
      cycles: 1

TST:
  description: Test for Zero or Minus
  alias_of: AND
  alias_substitution: Rr = Rd





Format:

INSTRUCTION:
  description: description text
  alternate: optional alternate description
  alias_of: only for instruction which are an alias of an instruction
  alias_substitution: operand substitution
  operations:
    -
      opcode: opcode encoding
      operands: list of operands
      operation: operations in HDL
      flags: list of flags that could be modified by the instruction
      cycles: number of cycles









          

      

      

    

  

    
      
          
            
  
5. Glossary


	Statement

	Operand

	Instruction







          

      

      

    

  

    
      
          
            
  
6. API Documentation

This is the auto-generated API documentation for the PyCpuSimulator library.


Warning

The API documentation is automatically generated from the docstrings in the source
using the Sphinx tool.  This way to produce the documentation is know to be perfectible
actually, but not too bad.



Contents:





6.1. Indexes



	Index

	Module Index

	Search Page












          

      

      

    

  

    
      
          
            
  
7. ASCII symbols

ASCII symbols are:


	`` ` ``

	!

	"

	# comment

	$

	%

	& and

	'

	()

	* multiplication

	+ addition

	,

	- subtraction

	. floating point

	/ division

	:

	; statement separator

	< >

	=

	?

	@

	[] addressing

	\

	^ xor

	_ allowed in name

	{}

	| or

	~ not



Compounds:


	!=  not equal

	%=

	&=

	*=

	++ increment

	+=

	-- decrement

	-=

	``->`

	//

	/=

	<<=

	<= inferior equal

	== equal

	>= superior equal

	>>=

	^=



Ambiguous:


	<-






8. Unicode Symbols








	
	




	U+002B
	PLUS SIGN


	¬
	U+00AC
	NOT SIGN


	±
	U+00B1
	PLUS-MINUS SIGN


	×
	U+00D7
	MULTIPLICATION SIGN


	÷
	U+00F7
	DIVISION SIGN


	←
	U+2190
	LEFTWARDS ARROW


	→
	U+2192
	RIGHTWARDS ARROW


	−
	U+2212
	MINUS SIGN


	∓
	U+2213
	MINUS-OR-PLUS SIGN


	∕
	U+2215
	DIVISION SLASH


	
	




	U+2022
	BULLET


	∙
	U+2219
	BULLET OPERATOR


	∧
	U+2227
	LOGICAL AND


	∨
	U+2228
	LOGICAL OR


	⊕
	U+2295
	CIRCLED PLUS


	⊖
	U+2296
	CIRCLED MINUS


	⊗
	U+2297
	CIRCLED TIMES


	⊻
	U+22BB
	XOR


	⊼
	U+22BC
	NAND


	─
	U+2500
	BOX DRAWINGS LIGHT HORIZONTAL












	⋀
	U+22C0
	N-ARY LOGICAL AND


	⋁
	U+22C1
	N-ARY LOGICAL OR


	⋅
	U+22C5
	DOT OPERATOR


	⨁
	U+2A01
	N-ARY CIRCLED PLUS OPERATOR


	⨂
	U+2A02
	N-ARY CIRCLED TIMES OPERATOR












	➔
	U+2794
	HEAVY WIDE-HEADED RIGHTWARDS ARROW


	➙
	U+2799
	HEAVY RIGHTWARDS ARROW


	➛
	U+279B
	DRAFTING POINT RIGHTWARDS ARROW


	➜
	U+279C
	HEAVY ROUND-TIPPED RIGHTWARDS ARROW


	➝
	U+279D
	TRIANGLE-HEADED RIGHTWARDS ARROW


	➞
	U+279E
	HEAVY TRIANGLE-HEADED RIGHTWARDS ARROW


	➡
	U+27A1
	BLACK RIGHTWARDS ARROW


	⟵
	U+27F5
	LONG LEFTWARDS ARROW


	⟶
	U+27F6
	LONG RIGHTWARDS ARROW


	⬅
	U+2B05
	LEFTWARDS BLACK ARROW









          

      

      

    

  

    
      
          
            
  
9. ALU

x xor y = (x + y) mod 2


9.1. Floating Point


	IEEE 754 double    64-bit: 1 sign | 11 exponent | fraction 52 (53)

	extended precision 80-bit: 1 sign | 15 exponent | 1 integer | fraction 63






9.2. Binary Addition


9.2.1. Half Adder

A half adder adds two bits and generates the sum and an eventual carry.

Truth table:









	a
	b
	C
	S


	0
	0
	0
	0


	0
	1
	0
	1


	1
	0
	0
	1


	1
	1
	1
	0





C = a ∧ b
S = (¬a ∧ b) ∨ (a ∧ ¬b)
  = a ⊻ b








9.2.2. Full Adder

A full adder uses a second stage to add the carry from the previous bit.

We substitute a → a ⊻ b, b → c in the second half adder and we add (or) the carries from the two
half adders:

C = (a ∧ b) ∨ ((a ⊻ b) ∧ c)
S = (a ⊻ b) ⊻ c





Truth table:










	a
	b
	c
	C
	S


	0
	0
	0
	0
	0


	0
	1
	0
	0
	1


	1
	0
	0
	0
	1


	1
	1
	0
	1
	0


	0
	0
	1
	0
	1


	0
	1
	1
	1
	0


	1
	0
	1
	1
	0


	1
	1
	1
	1
	1










9.3. Binary Subtraction

A - B = A - ¬B + 1








9.4. Binary Multiplication

     1011
   × 1110
   ──────
     0000
    1011
   1011
+ 1011
─────────
 10011010





References:


	Baugh–Wooley algorithm

	Wallace tree

	Booth encoding

	Dadda multiplier









          

      

      

    

  

    
      
          
            

Index



 




          

      

      

    

  

    
      
          
            
  
Todo


Missing HEX Features


	Automatic check against binutils disassembled hex [partially done: check mnemonic but not operands]

	Set a ROM and an instruction’s map <P1>

	Handle data section (.word ???)






Missing Core Features


	Implement bit mapped registers (cf. SREG) <P1>
Attention to register name’s clash: Z versus SREG[Z] versus Sz, HDL as register[bit]

	Implement concatenated 16-bit registers (cf. SPH/SPL, X/Y/Z etc.) ??? <P2>






Implement a basic CPU


	Design an basic instruction set to test each feature

	Could use an AVR subset






How to implement the simulator


	Initialise an AST program (routine) for each opcodes (opcode indexed)

	Read an HEX to set the ROM: data and instructions

	ROM is indexed by PC

	for each opcode : execute the corresponding AST program, we need a mechanism to substitute the operands
An AST program is thus a routine with arguments [partially done]






How to complete the AVR support


	Check the AVR instruction set YAML files and translate operations in valid HDL (micro-code)

	MULS 16 <= d : do it in HDL ?

	IO registers (see extractor code)

	Much more challenging : simulate peripherals






	Implement PC
PC corresponds to instruction index, not to micro-code

	plug instruction operation in core

	Run an hex









          

      

      

    

  

    
      
          
            
  
AVR Cross-Compilation


	https://github.com/scottdarch/Arturo

	http://www.nongnu.org/avr-libc/

	https://gcc.gnu.org/onlinedocs/gcc/AVR-Options.html



atmega2560 mcu type is avr6

avr-objdump -d -j .sec1 -m avr6 blink-led-mega2560-firmware.hex > blink-led-mega2560-firmware.dump





          

      

      

    

  

    
      
          
            
  
Instruction Decision Tree





          

      

      

    

  

    
      
          
            
  
Instructions Opcodes
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