primes-printer.py
# Print primes up to 100
candidate = 2

while candidate < 100:

    trial = 2

    no_factors = True

    while no_factors and trial <= candidate // 2:

        if candidate % trial == 0:

            no_factors = False

        trial = trial + 1

    if no_factors:

        print(candidate)

    candidate = candidate + 1
compiler4.py

# A code generator with if and while

# First stuff to do with the generated code

variable_map = {} # maps from variable names to storage location

def Location(variable):

    if variable in variable_map:

        return variable_map[variable]

    else:

        # allocate new variable 

        location = len(variable_map) # locations are 0, 1, 2, etc

        variable_map[variable] = location

        return location

next_label = 0

def NewLabel():

    global next_label

    next_label = next_label + 1

    return "L%04d" % next_label

OUTFILE = "example.asm"

fout = open(OUTFILE, "w")

def Emit(label, instruction, data, comment):

    formatted = "%-8s %s %s" % (label, instruction, data)

    if comment:

        print(formatted, " #", comment, file=fout)

    else:

        print(formatted, file=fout)

# Now stuff to do with walking the abstract syntax tree

def Name(exp):

    return isinstance(exp, str)

def Atom(exp):

    return isinstance(exp, (int, bool))

def Compile(exp):

    # Variable look-up

    if Name(exp):

        Emit("", "LOAD", Location(exp), exp)

        return

    # Other primitive types are just themselves

    if Atom(exp):

        Emit("", "PUSH", int(exp), "")

        return

    # Statements

    op, rest = exp[0], exp[1:]

    if op == "block":

        for e in rest:

            Compile(e)

        return

    elif op == "assign":

        var, a = rest

        location = Location(var)

        Compile(a)

        Emit("", "STORE", location, var)

        return

    elif op == "if":

        cond, body = rest

        Compile(cond)

        label = NewLabel()

        Emit("", "JUMPZERO", label, "skip over if-body")

        Compile(body)

        Emit(label, "", "", "")

        return

    elif op == "while":

        cond, body = rest

        start_label = NewLabel()

        end_label = NewLabel()

        Emit(start_label, "", "", "")

        Compile(cond)

        Emit("", "JUMPZERO", end_label, "exit while-loop")

        Compile(body)

        Emit("", "JUMP", start_label, "back to top of ")

        Emit(end_label, "", "", "")

        return

    # Specials

    elif op == "print":

        for e in rest:

            Compile(e)

            Emit("", "OUT", "", "")

        return

    # Ordinary expressions    

    if len(exp) == 3:

        op, a, b = exp

        Compile(a)

        Compile(b)

        if op == "+":

            Emit("", "ADD", "", "")

        elif op == "-":

            Emit("", "SUB", "", "")

        elif op == "*":

            Emit("", "MUL", "", "")

        elif op == "//":

            Emit("", "DIV", "", "")

        elif op == "%":

            Emit("", "REM", "", "")

        elif op == "==":

            Emit("", "CMPEQ", "", "")

        elif op == "!=":

            Emit("", "CMPNE", "", "")

        elif op == ">":

            Emit("", "CMPGT", "", "")

        elif op == "<":

            Emit("", "CMPLT", "", "")

        elif op == ">=":

            Emit("", "CMPGE", "", "")

        elif op == "<=":

            Emit("", "CMPLE", "", "")

        elif op == "and":

            Emit("", "AND", "", "")

        elif op == "or":

            Emit("", "OR", "", "")

        else:

            print("+++ERROR:", exp)

        return
    if len(exp) == 2:

        op, a = exp

        Compile(exp)

        if op == "-":

            Emit("", "NEG", "", "")

        elif op == "not":

            Emit("", "NOT", "", "")

        else:

            print("!+++ERROR:", exp)

        return

    print("+++ERROR:", exp)

def CompileWholeProgram(exp):

    Compile(exp)

    Emit("", "STOP", "", "")

    fout.close()

#-----------------------------------------------

# try this out 

PROGRAM = \

        ("block",

         ("assign", "candidate", 2),

         ("while", ("<", "candidate", 100),

          ("block",

           ("assign", "trial", 2),

           ("assign", "no_factors", True),

           ("while", ("and", "no_factors",

                             ("<=", "trial", ("//", "candidate", 2))),

            ("block",

             ("if", ("==", ("%", "candidate", "trial"), 0),

              ("block",

               ("assign", "no_factors", False),

               ),

              ),

             ("assign", "trial", ("+", "trial", 1)),

             ),

            ),

            ("if", "no_factors",

             ("block",

              ("print", "candidate"),

              ),

             ),

            ("assign", "candidate", ("+", "candidate", 1)),

            ),

           ),

          )

print("Program is:")

print(PROGRAM)

print("Program translation is in file:", OUTFILE)

CompileWholeProgram(PROGRAM)

example.asm
         PUSH 2

         STORE 0  # candidate

L0001     

         LOAD 0  # candidate

         PUSH 100

         CMPLT 

         JUMPZERO L0002  # exit while-loop

         PUSH 2

         STORE 1  # trial

         PUSH 1

         STORE 2  # no_factors

L0003     

         LOAD 2  # no_factors

         LOAD 1  # trial

         LOAD 0  # candidate

         PUSH 2

         DIV 

         CMPLE 

         AND 

         JUMPZERO L0004  # exit while-loop

         LOAD 0  # candidate

         LOAD 1  # trial

         REM 

         PUSH 0

         CMPEQ 

         JUMPZERO L0005  # skip over if-body

         PUSH 0

         STORE 2  # no_factors

L0005     

         LOAD 1  # trial

         PUSH 1

         ADD 

         STORE 1  # trial

         JUMP L0003  # back to top of 

L0004     

         LOAD 2  # no_factors

         JUMPZERO L0006  # skip over if-body

         LOAD 0  # candidate

         OUT 

L0006     

         LOAD 0  # candidate

         PUSH 1

         ADD 

         STORE 0  # candidate

         JUMP L0001  # back to top of 

L0002     

         STOP 

assembler4.py
# An assembler for a simple stack-machine

import re

INFILE = "example.asm"

OUTFILE = "example.hex"

# Setup data structures to hold assembly code

raw_code = []   # list of (operation, arg) pairs

label_map = {}  # maps from label to address of labelled instruction

# PASS 1: Read assembly code into array

RE_label = re.compile(r"^(L\d+)")

RE_instr = re.compile(r"^\s*([A-Z]+)\s*(L?\d+)?\s*(#.*)?")

fin = open(INFILE)

for line in fin:

    mob = RE_label.match(line)

    if mob:

        label = mob.group(1)
        # find location of the next instruction

        location = len(raw_code)
        label_map[label] = location

    else:

        mob = RE_instr.match(line)

        if mob:

            operation = mob.group(1)

            if mob.group(2) == None:

                arg = "0"

            else:

                arg = mob.group(2)

            raw_code.append((operation, arg))

# PASS 2: replace instruction mnemonic by integer code

#         replace label args by resolved address from label_map

OPCODE = {"NOP":    0x00,

          "LOAD":   0x11,

          "STORE":  0x12,

          "PUSH":   0x21,

          "JUMPZERO": 0x31,

          "JUMP":     0x32,

          "ADD":    0x41,

          "SUB":    0x42,

          "MUL":    0x43,

          "DIV":    0x44,

          "REM":    0x45,

          "AND":    0x46,

          "OR":     0x47,

          "CMPEQ":  0x51,

          "CMPNE":  0x52,

          "CMPGT":  0x53,

          "CMPLT":  0x54,

          "CMPGE":  0x55,

          "CMPLE":  0x56,

          "NEG":    0x61,

          "NOT":    0x62,

          "OUT":    0x71,

          "STOP":   0xFF,

          }

processed_code = [] # list of (opcode, arg) tuples, both ints
for operation, arg in raw_code:

    if arg[0] == "L":

        # it's a label

        new_arg = label_map[arg]

    else:

        # it's data, but we need it as an integer

        new_arg = int(arg)

    processed_code.append((OPCODE[operation], new_arg))

# And finally, print the processed code out as hex

fout = open(OUTFILE, "w")

for opcode, arg in processed_code:

    print("%04x%04x" % (opcode, arg), file=fout)

fout.close()

print("Finished. Output is in file", OUTFILE)
example.hex
00210002

00120000

00110000

00210064

00540000

00310028

00210002

00120001

00210001

00120002

00110002

00110001

00110000

00210002

00440000

00560000

00460000

0031001f

00110000

00110001

00450000

00210000

00510000

0031001a

00210000

00120002

00110001

00210001

00410000

00120001

0032000a

00110002

00310023

00110000

00710000

00110000

00210001

00410000

00120000

00320002

00ff0000
emulator4.py
# An emulator for a simple stack-machine

INFILE = "example.hex"

# Setup data structures to emulate code RAM, data RAM and stack

code_RAM = [0] * 1024   # enough for our simple example program

data_RAM = [0] * 128

stack_RAM = [0] * 128

PC = 0  # program counter is an index into code_RAM

SP = 0  # stack pointer is an index into stack_RAM

# Helper routines

def Push(a):

    global SP

    stack_RAM[SP] = a

    SP = SP + 1

def Pop1():

    global SP

    SP = SP - 1

    result = stack_RAM[SP]

    return result

def Pop2():

    a = Pop1()

    b = Pop1()

    return b, a

# Read hex code into code_RAM

fin = open(INFILE)

load_addr = 0

for line in fin:

    # each line is a 32 bit integer encoded as 8 hex digits

    instruction = int(line, 16) 

    code_RAM[load_addr] = instruction

    load_addr = load_addr + 1

# Let's go: execute the program

print("Emulator starting ...")

while True:

    # FETCH

    instruction = code_RAM[PC]

    # DECODE

    opcode = (instruction >> 16) & 0xffff

    arg    = instruction & 0xffff

    nextPC = PC + 1     # this will almost always be the new PC

    # EXECUTE

    if opcode == 0x00:

        # NOP

        pass

    elif opcode == 0x11:

        # LOAD

        data = data_RAM[arg]

        Push(data)

    elif opcode == 0x12:

        # STORE

        data = Pop1()

        data_RAM[arg] = data

    elif opcode == 0x21:

        # PUSH

        Push(arg)

    elif opcode == 0x31:

        # JUMPZERO

        cond = Pop1()

        if cond == 0:

            nextPC = arg

        else:

            pass # move to following instruction as usual

    elif opcode == 0x32:

        # JUMP

        nextPC = arg

    elif 0x41 <= opcode and opcode <= 0x47:

        # Diadic operator

        a, b = Pop2()

        if opcode == 0x41:

            # ADD

            Push(a + b)

        elif opcode == 0x42:

            # SUB

            Push(a - b)

        elif opcode == 0x43:

            # MUL

            Push(a * b)

        elif opcode == 0x44:

            # DIV

            Push(a // b)

        elif opcode == 0x45:

            # REM

            Push(a % b)

        elif opcode == 0x46:

            # AND

            Push(a and b)

        elif opcode == 0x47:

            # OR

            Push(a or b)

        else:

            assert(False) # should never get here

    elif 0x51 <= opcode and opcode <= 0x56:

        # Comparison 

        a, b = Pop2()

        if opcode == 0x51:

            # CMPEQ

            Push(int(a == b))

        elif opcode == 0x52:

            # CMPNE

            Push(int(a != b))

        elif opcode == 0x53:

            # CMPGT

            Push(int(a > b))

        elif opcode == 0x54:

            # CMPLT

            Push(int(a < b))

        elif opcode == 0x55:

            # CMPGE

            Push(int(a >= b))

        elif opcode == 0x56:

            # CMPLE

            Push(int(a <= b))

        else:

            assert(False) # should never get here

    elif opcode in [0x61, 0x62]:

        # Monadic operators

        a = Pop1()

        if opcode == 0x61:

            # NEG

            Push(-a)

        elif opcode == 0x62:

            # NOT

            Push(int(not a))

        else:

            assert(False) # should never get here
    elif opcode == 0x71:

        # OUT

        data = Pop1()

        print(data)

    elif opcode == 0xff:

        # STOP

        break

    else:

        print("+++ Unknown 0x%04x (arg = %d) PC = %d" % \

              (instruction, arg, PC))

        break

    PC = nextPC

# End with a polite message (in case the program doesn't print anything)       

print("... Emulator stopped.")

output
Emulator starting ...

2

3

5

7

11

13

17

19

23

29

31

37

41

43

47

53

59

61

67

71

73

79

83

89

97

... Emulator stopped.
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