Lectures

1Introduction

2Concepts and models of programming languages

3Declarative Computation Model

4Declarative Programming Techniques

TD DA69 Data a n d P rog ra m Stru CtU re SDeclarative Computation Implementation
6Declarative Concurrency

7Message Passing Concurrency

8Explicit State and Imperative Model

. 9Imperative Programming Techniques

Cyr///e Berger 10Imperative Programming Implementation

11Shared-State Concurrency

12Relational Programming

13Constraint Programming

14Macro

15Running natively and JIT

16Garbage Collection

17Summary

II LINKOPING
o UNIVERSITY

Applicative vs Normal

® Practical Normal Order ® Eecursivsly evzluate all the subexpressions,
ut in what order?
Eva l uator  Applicative order: evaluate the arguments and then apply.

Lecture content

() . . . Evaluate the procedure body with every formal parameter
Pra Ctlcal Appllcatlve Order replaced with the corresponding argument value
Eva | uator ® Normal order: fully expand and then reduce. Recursively
expand every procedure until only primitive operators are
left. Evaluate (reduce) the result.
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How is a program interpreted? AST Execution
Sourcie code—  Parser
Parser @
Gencirator —~Source code— G @ @
Bytelcode — Virtual Machine
Assembler >~ Assembly — Operating System—> CPU @ 0 e @ e 9

AST as List of List

cond(le(a,4), add(a, 6), sub(a, 2))

cond
Practical Normal Order Evaluator
a @ @ ® @ @

® As array:
jtcond?. [*le”;: Zal: Als s[Raddty fad;ieels [ hsubls

In Lisp:
(cond ((le a 4) (add a 6)) (T (sub a 2)))
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Practical Normal Order Evaluator Fxnansion
M

® Expansion
“ Replace identifiers by their values
“ Replace functions by their bodies
“ Evaluate assignements &

® Reduction
“ Apply cond
“ Apply base functions

@

= 5 def expand(node, env):
expand( [ ‘define', *a', ['add® 1, 6]], root_env) if not isinstance(node, Llist
*add® return node
elif node[8] == 'define’:
value = expand(node[2], e
env.define(node[1], value
return valu




Fxnan<ion: define (2/7 Fxnansion: variahlec«

* def expand(node, env):

e define a o def expand(node, env): *a
expand(['define’, "a'], env) if not isinstance(node, list): expand('a', root_env) if isinstance(node, string):
None return node [*add® 1, 6] return env.value(node)

ea = add(1, B) elif node[0] == "define’: *add(a, §) elif not isinstance(node, list):
expand(['=", "a', ["add" 1, 6]], env) if len(node) == 3: expand(['add*, 'a‘', 7], root_env) return node
[fadd® 1, 8] value = expand(node[2], env) ["add®, ['add' 1, &], 7] elif node[8] == 'define’:

else: if len(noede) = 3:

value = expand(node[2], env)
elsa:
value = None
env.define(node[1], value)
return value
elif node[8] == '=":
value = expand(node[2], env)
env.assign(node[1], value)
return value
else:
r = [node[8]]
for i in range(1, len(node)):
r.append(expand(node[i], env))
return r

value = None
env.define(node[1], value)
return value
elif node[8] ==
value = expand(node[2], env)
env.assign(node[1], wvalue)
return value
return node
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Fvnancinn® AdAafina fiintinn

e define f = function(x,y) -= z { o def expand(node, env): °f(a, i) o def expand(node, env):
z = mul(x, cond(le(x,4), add(x, ¥), sub(x, 2)) if isinstance(node, string): expand([*f', 'a', 6], root_env) if isinstance(node, string):
return env.value(node) return env.value(node)
expand( [ 'define’', "f', ["function' ["x", 'y'], 'z', ['=' elif not isinstance(node, list): elif not isinstance(node, list):
2z, [...]1]1, root_env) return node return node
function{reot_env, ['x', "y'], "z°, ['=" z, [...1]) elif node[8] == ‘define’: elif node[8] == 'define’:

if len(nede) == 3:

value = expand(node[2], env)
else:

value = None
env.define(node[1], value)
return value

elif node[8] == '=":

wvalue = expand(node[2], env)
env.assign(node[1], value)
return value

if len(node) == 3:

value = expand(node[2], env)
else:

value = None
env.define(node[1], walue)
return value

elif node[8] == "=":

value = expand(node[2], env)
env.assign(node[1], value)
return value

elif node[8] == 'function': elif node[8] == 'function’:
return function(env, node[1], node[2], node[3]) return function(env, node[1], node[2], node[3])
else:

else:
r = [node[g]]
for 1 in range(1, len(node)):
r.append{expand(node[i], env))
return r

r = [node[8]]

for i in range(1, len(node)):
r.append(expand(node[i], env))

if env.has(r[8]):
func = env.value(r[8]}
nenv = environment(func.env)
for i in range(8, len(func.arguments)):

nenv.define(func.arguments[i], r[i+1])

expand(fune. body, nenv)
return nenv.value(func.ret)
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Fynan<inn: fix reciir<in

e define factorial = function(n) -> r {
r = cond(le(n, 1), 1, mul(n, factorial(sub(n, 1))))

3
* factorial(s)
expand(['factorial®, 5], root_env)

o def expand(node, env):
if isinstance(node, string):
return env.value(node)
elif not isinstance(node, list):
return node
elif node[8] == "define’:
if len(node) == 3:
value = expand(node[2], env)
else:
value = None
env.define(node[1], value)
return value
elif node[8] ==
value = expand(node[2], env)
env.assign(node[1], value)
return value

elif node[8] == 'function':

return function(env, node[1], node[2], node[3])
elsa:

r = [node[8]]

for 1 in range(l, len(node)):
r.append(expand(node[i], env))

if env.has(r[8]):
fune = env.value(r[2])
nenv = environment(func.env)
for i in range(g, len(func.arguments)):

nenv.define(func.arguments[i], r[i+1])

expand(func.body, nenv)
return nenv.value(func.ret)

Rediiction (1/7)

e define factorial = function(n) -> r {
r = cond(le(n, 1), 1, mul(n, factorial(sub(n, 1)))}

o Factorial(5)
condition(fenv, ['le’, 5, 1], 1, ['mul’ ... ])
e define f = function(s) -> r { r = f(add(s, 1)) }

* def expand(node, env):

if isinstance(node, string):
return env.value(node)
elif not isinstance(node, list):
return node
elif node[8] == 'define’:
if len(node) == 3:
value = expand(node[2], env)
elsa:
value = None
env.define(node[1], value)
return value
elif node[8] == '=":
value = expand(node[2], env)
env.assign(node[1], value)
return value
elif node[8] == 'function':
return function(env, node[1], node[2], node[3])
elif node[8] == 'cond":
t = expand(node[1], env)
return conditien(env, t, node[2], node[3])
else:
r = [node[8]]
for i in range(1, len(node)):
r.append(expand(node[i], env))
if env.has(r[e]):
fune = env.value(r[e])
nenv = environment(func.env)
for 1 in range(8, len(func.arguments)):
nenv.define(func.arguments[i], r[i+1])
expand (Func. body, nenv)
return nenv.value(func.ret)
else:

Rediiction (2/27)

eadd(1,6)
ereduce(['add', 1, &])
7

eadd(mul(2,2),8)
ereduce(['add', ['mul', 2, 3], &])
12
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odef reduce(node):
if not isinstance(node, list)
return node
else:
f = self.base_func[node[&]]
return f(*map(reduce,
node[1:))]

econd(eg(®, @), @, div(6, B8))
reduce(condition(cenv, ['eq', @, B8], O,
['div', &, 8]]))
e
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edef reduce(node):

if isinstance(node, condition):
if reduce(condition.test):
return reduce(expand(node.true_exp,
condition.env))
else:
return reduce(expand(node.false exp,
condition.env))
elif no isinstance(node, list)
return node
else:
f = self.base_func[nede[®]]
return f(*map(reduce, node[1:]))]




Eval function

edef eval(source):
global root_env
return reduce(
expand(parse(source),
root_env))

Fvaliiate

«define & = add(2, &)
evaluate(['define’, 'a', ['add’ 1, &]], root_env)
T

«define &

evaluate(['define’, 'a'], root em)
None
-a = add(1, 6)

evaluare(['=', 'a’, ['add’ 1, 6]], root_em)
7

.a
evaluate('a’, root_env)

T
«add(a, )
«evaluate(['add’, 'a’, 71, roat_em)

«cond(eq(s, 8), 8, div(s, 8))

reduce(['cond’, ['eq’, 6, 61, 8, [‘div', &, e1])
]

«define f = function(x,y) -> z {

z = mul(x, cond(le(x,4), add(x, y), sub(x, 2))
evaluate(['define’, 'f', ['function’ ['x', 'y'], 'z', ['=' z,
[--.11], root_em)
function{root_env, ['x', 'y'l, 'z', ['=' z, [...11)

'f', 'a', 6], root_em)
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+def evaluate(node, env):

if isinstance(node, string):
return env.value{node)

e1if not isinstance(node, list):
return node

elif node[s] == 'define’:
if len(node) = 3

value = evaluare(node[z], em)

else:

value = None

env.define{node[1], value)
return value
elif nodefs] = '=':

value = evaluate(node[2], env)

env.assign(node[1], value)

return value
elif node[s] == 'function':

return function{env, node[], node[2], node[2])
elif node[s] == 'cond':

if eval{node[1], env):

return eval{node[2], env)

return eval(node[=], em)

args = map(lambda x: evaluate(x, env), node[1:])
Af env._has(r[a]):

func = env.valus(r[a])

nenv = environment (func.enmv)

for n,v in zip(func.argument, args):

nenv.define(n, v)
evaluate(func.body, nenv)
return nenv.value(func. ret)

else:
f = self.base func[node[s]]
return f(*args)

Practical Applicative Order Evaluator
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Conclusion

® Normal and applicative practical
implementation
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